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Abstract
This thesis applies approaches from the history and philosophy of science to explore the decisionmaking of contemporary physicians in a common clinical scenario: the treatment of patients with acute
stroke. Acute stroke decision-making during the period 1960 to 2014 therefore serves as a case study to address
broader questions about how doctors make decisions. I argue that acute stroke decision-making is
dependent upon a historically-determined concept of the acute stroke, in that the contemporary meaning of
the disease “acute stroke” was established in response to the efficacy of the drug tissue plasminogen activator
(tPA) as its treatment. Moreover, I propose that treatment decisions about the use of tPA for acute stroke
involve simultaneous and inter-related processes of epistemic and ethical evaluation. Acute stroke decisionmaking can therefore be conceived as a medical, epistemic and ethical process, occurring within a historical
context. This interpretation of acute stroke decision-making argues for the necessary role of the humanities
— and especially of the history and philosophy of science — in the study of modern medical practice.
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Glossary
American Heart Association: American charitable organization that funds research into diseases of the
heart and vascular system and that establishes national guidelines for the care of patients with these diseases;
founded in 1924.

Angiogram: An image that depicts blood vessels and the flow of blood through them. In relation to the
brain, several techniques may be used. In digital subtraction angiography, catheters are advanced into the
chest, neck or head, and radio-opaque dye is injected to depict the flow of blood through vessels in realtime. In CT angiography, radio-opaque dye is injected into the vein and the patient undergoes a CT scan,
with an image produced depicting the presence of radio-opaque dye in the arteries or veins at a particular
point in time.

Aphasia: The inability to produce or comprehend language. A common symptom of stroke, most
commonly associated with occlusions of the left middle cerebral artery.

Apoplexy: A historical term derived from the Greek for being “struck down.” Over time, it has been used
to refer to: any sudden loss of consciousness; the sudden onset of neurological symptoms; intracerebral
hemorrhage.

Artery: A vessel that carries blood away from the heart and towards the body’s tissues.

x
Cerebral Venous Sinus Thrombosis: A condition in which the veins of the brain or head may become
blocked, potentially producing a back up of blood being drained from the head. May lead to hemorrhage
into the brain.

Central Nervous System (CNS): The brain and spinal cord. In contrast to the peripheral nervous system
(PNS), which includes the nerves that run from the spinal cord to the muscles and skin.

Computerized Tomography (CT): A technique to visualize the brain or other internal organs using xray based technology that resolves organs and tissues of shades of black or white.

Epidural Hematoma: Bleeding into the space between the skull and the lining of the brain, most
commonly produced by injury to the middle meningeal artery that runs through the skull just above the ear.
May present as the sudden onset of neurological symptoms or loss of consciousness. Often fatal if not
treated immediately.

Heart and Stroke Foundation: Canadian charitable organization that funds research into heart and brain
disorders, and advocates for patients at various levels of government.

Hemiplegia: The inability to move one side of the body, such as the face, arm and leg. A common
symptom of ischemic stroke or intracerebral hemorrhage.

Hemorrhage: The release of blood into an organ or tissue, usually resulting from the rupture of an artery.

xi
Hypoxic-Ischemic Encephalopathy: A condition in which the whole brain is temporarily deprived of
blood flow and oxygen delivery. Occurs in the setting of low blood flow due to blood loss, impaired heart
function, or low blood pressure. Most often presents as loss of consciousness.

Infarction: A general term that refers to the death of tissue from ischemia (impaired blood flow).

Intracerebral: Within the brain.

Intracerebral Hemorrhage: Bleeding into the substance of the brain, most commonly due to a small
artery. Presents as the sudden onset of neurological symptoms, often accompanied by headache or loss of
consciousness. The most common cause is high blood pressure.

Intracranial: Within the skull.

Ischemia: Dysfunction of a tissue due to impaired blood flow. May apply to any organ, though most
commonly used in reference to the brain, heart or skeletal muscle.

Ischemic stroke: Dysfunction of the brain due to the deprivation of blood flow from occlusion of an
artery in the neck or head. Usually presents with the sudden onset of neurological symptoms such as
hemiplegia or aphasia. Common risk factors include high blood pressure, high cholesterol, diabetes and
smoking.

xii
MEDLINE: Online database of the National Library of Medicine in the United States. Began as a
computerized archival system in 1964. Established online in 1996. As of April 2014, its online archives
extend to 1946. Contains 19 million citations from 5600 journals.

Middle Cerebral Artery (MCA): One of a pair of symmetrical arteries that supplies the majority of
blood to each of the brain’s hemispheres. Occlusion of the left middle cerebral artery results in a
characteristic syndrome of right hemiplegia, aphasia, and right-sided sensory loss. Occlusion of the right
middle cerebral artery results in a characteristic syndrome of left hemiplegia, sensory loss, and neglect.

Myocardial Infarction: The death of heart muscle due to impaired blood flow through the coronary
arteries. Colloquially known as a “heart attack.”

National Institutes of Health (NIH): Publicly-funded American medical organization that conducts
research and provides health care services. Includes 28 different institutes, including the National Institute
of Neurological Disease and Stroke (NINDS), and the National Institute for Mental Health (NIMH).
Originated as the Marine Hospital Service in 1798. Established in its current form in 1949.

National Institutes of Health Stroke Scale (NIHSS): A widely-used grading scale for the severity of
stroke. Developed for the 1995 NINDS trial. Used in clinical research and clinical practice throughout
North America. Score goes from 0 to 42, where 0 is normal and 42 shows absence of all brain functions
tested. A mild stroke is considered to score under 6, a moderate stroke from 7 to 14, and a severe stroke
above 15.

xiii
National Institutes of Neurological Disease and Stroke (NINDS): Publicly-funded American
medical organization that conducts research and provides health care in neurological diseases. A part of the
National Institutes of Health. Founded in 1950. Sponsored the NINDS Clinical Trial of Tissue Plasminogen
Activator in stroke, the results of which were published in the New England Journal of Medicine in 1995.

Occlusion: Blockage in the flow of blood through an artery or vein.

Recanalization: Restoration of blood flow through an artery or vein. The resolution of an occlusion.

Penumbra: A physiological concept that refers to the persistence of a region of live brain despite the
deprivation of blood flow to that region in the course of an ischemic stroke. By definition, the penumbra is
electrically silent, in that it has ceased to perform its functions. However, it has the ability to return to
normal functioning with the restoration of blood flow. Defined in opposition to the core, which refers to a
region of brain that has died quickly after the deprivation of blood flow and whose function is permanently
lost.

Subarachnoid Hemorrhage: Bleeding into the lining of the brain, most commonly due to rupture of a
brain aneurysm. Commonly presents as sudden onset headache and loss of consciousness. Often fatal if not
treated quickly.

Subdural Hematoma: Bleeding into the lining of brain, most commonly due to rupture of a vein draining
blood from the brain. May present as the sudden onset of headache and neurological symptoms.

xiv
Thrombolysis: The intentional dissolution of blood clotting using a pharmacological agent or mechanical
techniques. “Thrombo-” refers to blood clotting, and “-lysis” to its dissolution. Drugs that perform
thrombolysis may be called thrombolytics. Tissue plasminogen activator is a thrombolytic drug. Alternate
terminologies include fibrinolysis, in that a significant portion of blood clots consists of the protein fibrin.

Tissue Plasminogen Activator (tPA): A thrombolytic enzyme that acts as part of the normal blood
clotting cascade in the human body. Enzyme originally called fibrinokinase. May also be referred to as
“alteplase,” “tissue-type plasminogen activator” or “recombinant tissue plasminogen activator.” First isolated
from ovarian tissue in 1947, later synthesized from melanoma cells in 1980. Modern synthetic production
techniques developed by Désiré Collen and Henri Roger Lijnen of the University of Leuven in the early
1980s. Commercially produced by Genentech in the United States. Marketed under the brand name
“Activase.” Approved for use in the treatment of clots occurring in arteries in the brain, heart, chest, and
legs, and in veins of the lungs and chest.

Veins: Vessels that carry blood from the organs back towards the heart.
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Time is brain.
Magdy Selim, “Ischemic Stroke in the first 24 hours,” eds. Michel T. Torbey, Magdy H.
Selim, The Stroke Book (Cambridge: Cambridge University Press, 2007), 157.

1

Introduction
C’est le plus souvent dans l’urgence que le médecin doit décider.
— Georges Canguilhem, Études d’histoire et de philosophie des sciences (1968)

How Do Doctors Make Decisions?
The decisions made by doctors matter. They matter to individual patients, whose present and
future health may be largely determined by those decisions. They matter to the friends and family members
of those patients, whose happiness can be so intimately tied to their loved ones’ fates.1 They matter to the
administrators of health care systems, who must address the economic ramifications of the ways doctors
distribute resources.2 They matter to the politicians and ethicists who must contend with the moral and
legal implications of those decisions.3 And finally, they matter to the doctors themselves, who often feel
deeply responsible for their patients’ outcomes, or who may worry about lawsuits and professional
reprimands.4
The decisions made by doctors are complex. In the course of a single interaction, doctors may need
to decide upon a diagnosis, a prognosis and a plan of treatment.5 Depending on the circumstances, doctors
may need to make these decisions in a matter of minutes, if not seconds. They may have been awake and
deciding for twelve, twenty-four, or even thirty-six straight hours. The variability produced by patients,
their symptoms, and their circumstances renders each decision unique.6 In order to make these decisions,
doctors may need to incorporate information from a variety of sources: from patients, from their families,

1

J. David Velleman, “A Right to Self-Termination?” Ethics 109 (1999): 606-628.
Health Council of Canada, Decisions, Decisions: Family Doctors as Gatekeepers to Prescription Drugs and Diagnostic Imaging in Canada
(Toronto: Health Council of Canada, 2010), 2.
3
Albert Jonsen, A Short History of Bioethics (Oxford: Oxford University Press, 2000), 100.
4
Jerome Groopman, How Doctors Think (New York: Houghton Mifflin, 2007), 53.
5
Georges Canguilhem, Études d’histoire et de philosophie des sciences (Paris: J. Vrin, 1968), 389.
6
Kathryn Montgomery, How Doctors Think: Clinical Judgment and the Practice of Medicine (Oxford: Oxford University Press, 2005),
3.
2

2
from the physical examination, and from a variety of tests. Often, the information available to doctors is
incomplete or uncertain.7
Doctors’ decisions — both their content and their process — are therefore surely a suitable subject
for academic study. The more challenging question is: how should we study the decision-making of doctors?
In recent years, sociologists,8 anthropologists,9 literary scholars10 and physicians themselves11,12,13 have made
important contributions to the study of doctors’ decision-making in matters of diagnosis, prognosis and
treatment. Perspectives from psychology14 and economics15 have also informed our understanding of how
doctors make decisions.
However, little work has sought to contextualize doctors’ decision-making in relation to the history
and philosophy of science. While historians and philosophers of science have explored issues of evidence
and ethics in medicine,16,17 few have directly addressed the decision-making process of individual
physicians.18 And yet, the process of decision-making in medicine appears to be influenced by many of the
issues of interest to historians and philosophers of science. For example, how do doctors define and use
common terminologies like stroke and benefit?19 In what ways do doctors’ decisions relate to foundations in

7

Montgomery, How Doctors Think, 4.
Darren Flynn, Paul van Schaik, Anna van Wersch, Amy Douglass, Paul Cann, Non-Medical Influences upon Medical Decision-Making
and Referral Behavior: An Annotated Bibliography (London: Praeger, 2003), 237.
9
Annemarie Mol, The Body Multiple: Ontology in Medical Practice (Durham: Duke University Press, 2002), 172.
10
Montgomery, How Doctors Think, 57.
11
Groopman, How Doctors Think, 3.
12
Michel C.F. Shamy, Cheryl S. Jaigobin, “The Complexities of Acute Stroke Decision-Making: A Survey of Neurologists,”
Neurology 81(2013): 1130-1133.
13
Amar Dhand, John Engstrom, Gurpreet Dhaliwal, “How Experienced Community Neurologists Make Diagnoses during
Clinical Encounters,” Neurology 81 (2013): 1460-1466.
14
Rose McDermott, “Medical Decision Making: Lessons from Psychology,” Urologic Oncology 26 (2008): 665-668.
15
Benjamin D. Sommers, Richard Zeckhauser, “Probabilities and Preferences: What Economics Can Teach Doctors and Patients
about Difficult Treatment Decisions,” Urologic Oncology 26 (2008): 669-673.
16
Maya Goldenberg, “How can Feminist Theories of Evidence Assist Clinical Reasoning and Decision-Making?” Social Epistemology
2013, published online July 12, 2013.
17
Cécile Bensimon, Ross E. G. Upshur, “Evidence and Effectiveness in Decisionmaking for Quarantine,” American Journal of Public
Health 97 (2007): S44-S48.
18
Michel Shamy, Ross E.G. Upshur, “How Doctors Think,” Perspectives in Biology and Medicine 51 (2008): 158-161.
19
Ludwik Fleck, Genesis and Development of a Scientific Fact, ed. Thaddeus J. Trenn, Robert K. Merton, trans. Fred Bradley and
Thaddeus J. Trenn (Chicago: University of Chicago Press, 1979), 1.
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3
history and theory?20 How do doctors evaluate the accuracy of their diagnoses, and the efficacy of their
treatments?21
In this master’s thesis, I propose to explore the decision-making of contemporary doctors using
approaches from the history and philosophy of science. Specifically, I will apply a perspective informed by
history, epistemology and ethics, to elucidate the process and content of doctors’ decisions in the treatment
of patients with a specific condition, “the acute stroke.” Acute stroke decision-making will therefore serve as a
case study to inform broader conclusions about how doctors make decisions in the contemporary context.
Acute stroke decision-making will be characterized as a process that is dependent upon a historicallydetermined concept of the acute stroke, and that involves simultaneous and inter-related processes of
epistemic and ethical evaluation. I will propose that the modern meaning of the term acute stroke has been
constructed in relation to the claim that a drug called tissue plasminogen activator (tPA) can effectively treat
stroke under certain conditions. Next, I will argue that the process of acute stroke decision-making involves
the epistemic evaluation of the proposition that stroke is treatable, and of several related propositions. I will
propose that physicians engage in a process of ethical evaluation in which they consider notions of the good
— in relation to their patients’ pre-stroke states and expected post-stroke outcomes — as part of acute
stroke decision-making. Acute stroke decision-making can therefore be conceived as a medical, epistemic
and ethical process, occurring within a historical context. From this standpoint, doctors’ decision-making
generally can also be viewed as a historical, epistemic, and ethical phenomenon.
I have chosen to focus on the case of acute stroke decision-making for several reasons. Stroke is a
common disease, affecting more than 50,000 Canadians per year.22 It is also a serious disease, in that it is the

20

Thomas S. Kuhn, The Structure of Scientific Revolutions, 50th anniversary edition (Chicago: University of Chicago Press, 2012),
144.
21
Jack D. Pressman, Last Resort: Psychosurgery and the Limits of Medicine (Cambridge: Cambridge University Press, 1998), 391.
22
Antoine M. Hakim, Frank Silver, Corinne Hodgson, “Organized Stroke Care: A New Era in Stroke Prevention and
Treatment,” Canadian Medical Association Journal 159 (1998): S1.
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third most common cause of death, and the leading cause of adult disability, in Canada.23 Therefore, how
doctors make decisions in the treatment of stroke is important to large numbers of people every year.
Despite its importance, the study of acute stroke decision-making remains preliminary.24 The treatment of
acute stroke is a medical emergency, in that decisions must be made quickly, and patients are often unable
to participate in the decision-making process. As a consequence, acute stroke decision-making provides a
relatively pure example of how doctors (rather than patients, or doctors in combination with patients) make
decisions. Moreover, the care of patients with stroke is generally directed by a specialized subset of
physicians: mainly neurologists and emergency physicians, though internists or geriatricians may also
participate. Therefore, decision-making processes are likely to be relatively consistent across this specialized
group. However, the results of these decisions appear to vary significantly, in that treatment patterns differ
between physicians, hospitals and regions.25 Finally, as a neurologist with specialty training in the
management of patients with stroke, I am particularly interested in developing a better understanding of the
decisions I face on a daily basis. While I am cognizant of the fact that my membership in the community of
physicians I am studying represents a potential source of bias in this analysis, it also affords me a significant
advantage in that I have directly observed (and participated in) the practices I seek to study.
This thesis is intended to be descriptive rather than normative in focus. The distinction between
descriptive and normative approaches is common in the history and philosophy of science, and therefore I
will only briefly comment on it here.26 Descriptive claims are those that describe the nature of a situation or
a state of affairs, such as behaviours and patterns of reasoning. Ideally, such descriptions do not imply and
are not derived from any norms. Norms, by contrast, are claims about ideals and values. In short, I intend

23

Statistics Canada, Leading Causes of Death, published online at http://www.statcan.gc.ca/tables-tableaux/sumsom/l01/cst01/hlth36a-eng.htm, (accessed March 28, 2014).
24
Shamy, “Complexities,” 1130.
25
Royal College of Physicians Intercollegiate Stroke Working Party. National Sentinel Stroke Clinical Audit 2010, Round 7. Public
Report for England, Wales and Northern Ireland, 2011.
26
Peter Godfrey-Smith, Theory and Reality: An Introduction to the Philosophy of Science (Chicago: University of Chicago Press, 2003),
6.
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to arrive at a description of how doctors do make decisions in acute stroke treatment, rather than how
doctors should make those decisions. While I will necessarily touch upon the implications of the description
I develop, it goes beyond the scope of this study to provide a normative theory of physician decisionmaking.
The historical and geographical scope of this thesis are, by necessity, relatively limited. As argued
in Chapter 1, the term “acute stroke” was not used before 1960, and did not come into common usage until
the 1990s. The concepts with which the term is aligned, similarly, only began to appear in the medical
literature in the late 1950s. Consequently, not much can be said about acute stroke decision-making prior
to the mid-20th century. Moreover, the options for treatment of the acute stroke were quite limited until
1995. Therefore, my exploration of decision-making in the treatment of acute stroke will focus on the years
since 1995, during which time neurologists and emergency doctors have had access to a drug called tissue
plasminogen activator, or tPA, as a treatment for acute stroke. Finally, the treatment of patients with tPA
requires a relatively elaborate medical infrastructure — paramedics and ambulances, emergency rooms,
Computerized Tomography (CT) scanners, trained physicians and nurses — that is only available in
relatively wealthy, developed nations.27 I have therefore concentrated my consideration of acute stroke
decision-making on practices in North America and Europe.

Perspectives on Medical Decision-Making
In order to begin to discuss physician decision-making, we must first define our terms. Decisionmaking is a non-specific term that may be applied to any process whereby a choice is made about a particular

27

Patrice Lindsay, Gordon Gubitz, Mark Bayley, Michael Hill, Corrine Davies-Schinkel, Sunny Singh, and Stephen Phillips,
Canadian Best Practice Recommendations for Stroke Care (Update 2010). On behalf of the Canadian Stroke Strategy Best Practices and
Standards Writing Group, Canadian Stroke Network. Published online at strokebestpractices.ca, (accessed April 12, 2014).
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course of action in a given setting.28 Decision-making can therefore be understood as a mental process that
occurs over a period of time, in response to a particular situation. Any more specific conceptualization of
decision-making seems to require the particular vocabulary of one of the various theoretical approaches that
will be discussed below. The term medical decision-making may be used to refer exclusively to the decisions
of physicians, or more broadly to include any decision made by an individual engaged in a health-related
activity, including (but not limited to) nurses, physiotherapists, and patients.29 In order to avoid this
confusion, I will be use the term physician decision-making in this thesis. Physician decision-making is meant
to refer to the decision-making process conducted by physicians in relation to patients’ diagnosis, prognosis,
and management plan.
In recent decades, scholarship in medical decision-making has focused on normative questions
surrounding the distribution of decision-making authority, often explicitly advocating for the increased
involvement of patients in making treatment decisions.30,31,32,33,34 Anthropologist Annemarie Mol of the
University of Amsterdam has termed this focus “the politics of who.”35 The literature on medical decisionmaking contrasts three different models of decision-making: the paternalistic model, in which physicians
make decisions on the basis of what they think is best for patients; the informed consent model, in which
patients have final say about matters of their own health, in accordance with a respect for self28

Megan Smith, Joy Higgs, Elizabeth Ellis, “Factors Influencing Clinical Decision Making,” eds. Joy Higgs, Mark A Jones,
Stephen Loftus & Nicole Christensen, Clinical Reasoning in the Health Professions, 3rd edition. (Amsterdam: Elsevier, 2008), 89.
29
Thomas Vandiver Cunningham, “Socializing Medical Practice: A Normative Model for Medical Decision-Making,” (Ph.D diss.,
University of Pittsburgh, United States of America, 2013), 9.
30
Benjamin Moulton, Jaime S. King, “Aligning Ethics with Medical Decision-Making: The Quest for Informed Patient Choice,”
Journal of Law, Medicine & Ethics 38 (2010): 2-14.
31
Kristy S. Deep, Charles H. Griffith, and John F. Wilson, “Communication and Decision Making About Life-Sustaining
Treatment: Examining the Experiences of Resident Physicians and Seriously-Ill Hospitalized Patients,” Journal of General Internal
Medicine 23 (2008): 1877-1882.
32
Christopher B. Forrest, Paul A. Nutting, Sarah von Schrader, Charles Rohde, Barbara Starfield, “Primary Care Physician
Specialty Referral Decision Making: Patient, Physician, and Health Care System Determinants,” Medical Decision Making 26
(2006): 76–85.
33
Madeleine J. Murtagh, Duika L. Burges Watson, K. Neil Jenkins, Mabel L.S. Lie, Joan E. Mackintosh, Gary A. Ford, Richard
G. Thomson, “Situationally-sensitive Knowledge Translation and Relational Decision Making in Hyperacute Stroke: a Qualitative
Study,” PLoS ONE 7 (2012): e37066.
34
Elizabeth Murray, Lance Pollack, Martha White, Bernard Lo, “Clinical Decision-making: Physicians' Preferences and
Experiences,” BMC Family Practice 8 (2007): 10.
35
Mol, The Body Multiple, 172.
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determination; and models of shared decision-making, in which doctors, patients and potentially larger
communities of stakeholders participate in making individual medical decisions.36 In emergency situations
like acute stroke treatment, paternalistic forms of decision-making occur, and this scenario is generally
considered acceptable even by advocates of “patient-centred” decision-making, at least until such time as
patients recover the ability to participate in their own care.37
In the case of acute stroke, “the politics of who” are largely decided by the nature of a disease that
renders patients unconscious, unable to speak, or unaware of their symptoms. Patient involvement in acute
stroke decision-making is necessarily limited. Therefore, this thesis will focus on what Mol calls “the politics
of what,” meaning the content and process of physicians’ decisions.38 Even though most contemporary
decisions now involve some degree of patient participation, understanding the physician’s decision-making
process remains highly relevant. In their role as “medical experts,”39 physicians frame the options available
to patients, and in so doing they can influence patients’ understanding of their illnesses, and their
subsequent decisions.40 Moreover, patients often defer to their physicians, explicitly asking them to make
decisions on their behalf.41 A study of physician decision-making remains compatible with patient-centered
models of decision-making.
The way doctors make decisions can be understood as a subset of the way people make decisions.
Therefore, a discussion of the general literature on decision-making, with special attention to doctors, will
be presented here. The literature on how people make decisions presents three distinct models, each of
which has been applied to the case of doctors. I term these models the rationalistic, heuristic, and social

36

Cunningham, “Socializing Medical Practice,” 5.
Ibid., 21.
38
Mol, Body Multiple, 172.
39
Royal College of Physicians and Surgeons of Canada. “The CanMeds Framework: Medical Expert.” Published online at
http://www.royalcollege.ca/portal/page/portal/rc/canmeds/framework (accessed April 12, 2014).
40
J.S. Swindell, Amy L. McGuire, and Scott D. Halpern, “Beneficent Persuasion: Techniques and Ethical Guidelines to Improve
Patients’ Decisions,” American Family Medicine 8 (2010): 260-264.
41
Geneviève Demarquay, Laurent Derex, Norbert Nighossian, Patrice Adeleine, Frédéric Philippeau, Jérôme Honnorat, Paul
Trouillas, “Ethical Issues of Informed Consent in Acute Stroke,” Cerebrovascular Diseases 19 (2005): 65-68.
37
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psychological models. I will argue that while each model can contribute to our understanding of the decisionmaking process of physicians, none can provide a complete description of physician decision-making, largely
due to the fact that none relates doctors’ decisions to their historical and philosophical contexts.
It is a particular goal of this thesis to develop a sense of how modern doctors’ decisions about the
treatment of patients with acute stroke are contingent upon the knowledge, beliefs about knowledge, and
values, of the communities in which they practice. Only a perspective grounded in the humanities, and in
the history and philosophy of science specifically, can thoroughly investigate these historical and
philosophical aspects of physician decision-making. Therefore, I will introduce the conceptual advantages of
a historical approach here, before providing a more detailed critique of the rationalistic, heuristic and social
psychological models of decision-making, as specifically applied to medicine, in the following pages. After
critiquing these commonly used models of decision-making, I will then elaborate on the relevant literature
within the history and philosophy of science that will inform the analysis to come in this thesis.
Much of the historical scholarship that touches upon questions of decision-making focuses on
questions that Mol would categorize under “the politics of who,” meaning issues of how decision-making
authority is distributed within a political system or a military organization.42,43 However, several themes
from military and political history can still be applied to doctors’ decision-making. First, a historical
approach recognizes the ways in which decision-making is contingent on one’s place in history. For
example, the various courses of action that are available for selection as part of a decision-making process
will be constrained by the scientific, political and cultural realities of the place and time. Just as it is
meaningless to ask why Napoleon Bonaparte (1769-1821), then Emperor of France, did not use an air
assault during his 1812 invasion of Russia, it is meaningless to ask why neurologists in the 1940s did not use
tPA to treat patients with stroke. Specifically, neither of those options were technologically available under
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those historical circumstances. In matters of medicine, decision-making is contingent upon the available
technology and infrastructure.44 When a physician is choosing among treatments for a patient, it is obvious
but implicit that those treatment choices are historically-determined: treatment options in 2014 may be
very different from treatment options in 1944 or 2044.
Treatment decisions are not only determined by technological realities, but are contingent upon
political and administrative systems, as well as cultural norms. A historical approach to decision-making
supports the importance of understanding an individual’s decisions in relation to the institutions and
standards of his or her time and place. For example, a historical study of the decision-making of Pericles of
Athens (495-429 BC) by Yale University professor Donald Kagan frames Pericles’ decisions in relation to
the conceptions of democratic statesmanship that existed in Athens in the fifth century B.C.45 Pericles could
not but make decisions in the world in which he lived. Moreover, had that world been different, Kagan
suggests that Pericles might have made different decisions. Kagan writes that, “what happened was the
result of decisions made by human beings acting in a world they do not fully control. It suggests that both
the decisions and their outcomes could well have been different.”46 The world in which Pericles lived was
not of his choosing. To some degree, his decisions were dictated by his context, and as a consequence, so
too were the outcomes of those decisions.
Historical perspectives on decision-making also emphasize the importance of biography, personality
and relationships in understanding the decisions made by individual people at specific times. For example,
historian Joanne Freeman catalogues the ways that the personalities and quarrels of the statesmen of the
early American republic influenced their political decisions in her monograph Affairs of Honor (2001).47
Freeman’s work also emphasizes how the accounts provided by individuals about their own decisions may
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not necessarily be honest or accurate. Because our concepts of those colourful political personalities are
dependent upon the writings they left behind, a historical approach forces us to recognize that we do not
have unbiased access inside the minds of decision-makers.48,49 When dependent upon others’ accounts, it is
necessary to remember those individuals’ perspectives and potential motivations. This consideration is
highly relevant given that this thesis is written by a neurologist, about other neurologists, and incorporates
commentaries and anecdotes encountered in daily practice.
Finally, the development of social historical approaches emphasizes how our concept of what counts
as a historically-important decision should not be limited to the actions of “great men.” For example,
historian Linda Colley’s Britons: Forging the Nation 1707-1837 (1992) provides an account of the
development of the notion of “Britishness” in relation to the actions and beliefs of artists, writers, and
ordinary men and women — not just political and military leaders.50 A historical perspective on doctors’
decision-making similarly should not be limited to the decisions of prominent physicians in controversial
cases, but should extend to the everyday decisions of unsung doctors. Treatment decisions in acute stroke
occur in hospitals around the world many times per day, and therefore may appear routine or mundane.
For example, everyday decisions like those surrounding acute stroke are largely ignored by the bioethics
literature.51 And yet, stroke-related decisions matter greatly to the patients and families involved.
Precedent for a historically-based approach to doctors’ decision-making exists in the form of the
recent monograph, Broken Hearts: The Tangled History of Cardiac Care, by psychiatrist and historian David S.
Jones of Harvard University. In Broken Hearts, Jones offers a “historical perspective on the complexity of
medical decision making” by studying the history of two forms of treatment used in the management of
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heart disease.52 Jones’ focus on “the decision dilemmas created by the emergence of” these treatments —
coronary artery bypass surgery and coronary angioplasty — parallels the focus of this thesis, in that he seeks
to understand the complexities of decision-making in relation to historically novel treatments. Jones uses
the history of these treatments “to expose vexing ambiguities that persist at the core of the medical
enterprise, in particular the challenge of producing definitive knowledge about the efficacy and safety of
medical treatment.”53 He is therefore attuned to the epistemic issues I will be exploring in Chapter 2,
specifically how physicians conceive of, and apply, medical knowledge. Jones argues that decision-making
will never be “just a question of medical knowledge and practice. Instead, medical decisions always involve
priorities, values, and preferences.”54 This perspective is consistent with the argument of Chapter 3, namely
that doctors’ decision-making necessitates some form of normative judgment.
However, Jones’ approach differs from that of this thesis in important ways. He never attempts to
define decision-making, and he does not engage with the literature on medical decision-making. Jones
remains troubled by the fact that the treatments he studies “have been beset with controversy,” suggesting
that there should be clear and universal answers about their clinical efficacy, costs, and application. This
position on medical knowledge, consistent with predominant approaches in contemporary medical
epistemology, will be directly challenged in Chapter 2. Jones observes that medical knowledge’s
dependence on theory renders it “vulnerable to a wide range of influences.”55 His comment suggests that
medical knowledge can and should be independent of theory, a view I contest in Chapter 2. While Jones
argues for the role of values and preferences in decision-making, he does not suggest how they might be
involved. In Chapter 3, I will put forward a description of how ethical evaluation figures in physician
decision-making. Despite a conclusion that defines “disease and therapeutics” as “social processes that reflect
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the structures and values of our society,” Jones laments the “impact of non-medical considerations.”56 His
distinction between “medical” and “non-medical considerations” foreshadows the language of rationalistic
decision-making, the dominant model of physician decision-making, which I will be introducing and
critiquing next.

Rationalistic Approaches to Decision-Making
Rationalistic decision-making refers to the theory of human decision-making that starts from the
belief that human beings demonstrate instrumental rationality, meaning that they act in such a way that is
consistent with their ends.57 This notion is commonly traced to the writings of Scottish philosopher David
Hume (1711-1776), who proposed that “reason is, and ought only to be the slave of the passions.”58
Instrumental rationality contains a central normative claim: because humans have it, they should always take
those steps that achieve their ends. The process of rational decision-making can therefore be broken down
into several steps: it requires that people have the ability to determine their ends, that they are aware of
those ends, that they can distinguish which among many courses of action is most consistent with those
ends, and that they can select the appropriate course of action. The process of identifying one’s ends
depends upon an a priori concept of the good, and therefore also necessitates some degree of normative
reasoning.
Rational choice theory, a commonly-referenced concept from psychology and economics, reflects the
application of instrumental rationality to decision-making. Under rational choice theory, people are
understood to desire “more, rather than less, of a good,”59 and to make decisions that maximize these
goods. Rational choice theory does not specifically address why certain things should be counted as goods. It
56
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allows for differential evaluations of the good, reflected in the term “utility,” which is used to mean the
relative value of an end to a particular person.60 The utility of a given end may vary between people, but is
generally considered to be consistent from the point of view of any particular person. Rational choice
theory makes both descriptive and normative claims, in that it assumes that people do and should follow its
principles. In other words, rational choice theory both intends to describe how rational people make
decisions, and expects that rational people should make decisions using its approach.
As applied in economics, decision-making under rational choice theory requires calculating the
utility of an end and its probability of occurrence. There are, therefore, two general forms of this theory:
Expected Utility Theory, under which the probabilities of outcomes are known, and Subjective Expected
Utility Theory, under which those probabilities are unknown. Under Expected Utility Theory, decisionmakers are conceived to arrive at weighted utility calculations produced by multiplying the utility values of
outcomes by their respective probabilities.61 A significant body of literature has studied medical decisionmaking from the perspective of Expected Utility Theory, in which clinicians’ decisions are assumed to be
based on the thorough calculation of outcomes and their probabilities.62, 63, 64 Explicit references to the
“expected utility” of various therapeutic strategies are widely found with the medical literature on decisionmaking.65 When the probabilities of outcomes cannot be objectively determined, “subjective probabilities”
can be inferred in relation to qualities of the decision-maker, such as financial assets, physiological and
psychological conditions, social relationships and feelings.66 This approach is termed Subjective Expected
60

Kahnemann, Thinking, 270.
Philippe Mongin, “Expected Utility Theory,” eds. J. Davis, W. Hands, U. Maki, Handbook of Economic Methodology (Edward
Elgar: London, 1997), 342-350.
62
Howard Bauchner, Lisa Simpson, John Chessare, “Changing Physician Behaviour,” Archives of Disorders of Children 84 (2001):
459-462.
63
Michael V. Boland, Harold P. Lehmann, “A New Method for Determining Physician Decision Thresholds Using Empiric,
Uncertain Recommendations,” BMC Medical Informatics and Decision Making 10 (2010): 20.
64
Barry L. Carter, C. David Butler, John C. Rogers, Richard L. Holloway, “Evaluation of Physician Decision Making With the
Use of Prior Probabilities and a Decision-Analysis Model,” Archives of Family Medicine, 2 (1993): 529-534.
65
P. Denig, F.M. Haaijer-Ruskamp, “Therapeutic Decision Making of Physicians,” Pharmaceutisch Weekblad Scientific Edition 14
(1992): 9-15.
66
Flynn, Non-Medical Influences, 237.
61

14
Utility Theory. Under Subjective Expected Utility, decision calculations are allowed to change in relation
to variable conditions or novel information, though basic formulation through which utility is calculated
remains unchanged.67
Consistent with the rationalistic approach to medical decision-making are efforts to model and
enhance physician decisions with computerized tools and algorithms.68, 69 Decision-modeling refers to the
application of a systematic approach to decision-making under uncertainty. Decision-modeling requires the
identification and quantification of the relevant variables involved in a particular decision, so as to arrive at a
determination of the optimal decision to be taken given the available knowledge. Attempts to model
medical decisions reflect the two central assumptions of rationalistic decision analysis: first, that medical
decisions can be modeled, in that they are assumed to follow standardized procedures that could be input
into computer systems.70, 71, 72, 73, 74 Second, decision modeling assumes that decisions can be evaluated
normatively. Certain decisions will be designated as “good” or “correct,” while others will be designated
“wrong” or “undesirable.”75 Modeling requires that these normative determinations be stable in relation to
certain clinical elements of a case (for example, the diagnosis), and will be independent of other elements
that are considered external to the function of the algorithm. For example, elements that might be
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particular to the physician, the patient, or to the historical-cultural context are generally excluded from
decision models.76
In medicine, decision-modeling is then used to develop what are called “decision rules” or “clinical
prediction rules.” 77, 78 Use of the word “rule” in this context reinforces the normative, positivistic and
universalist nature of the rationalistic approach to decision-making. By normative, I refer to the fact that
rules establish standards of practice. A decision rule means that it should be followed, because it is right. By
positivistic, I refer to the assumption that decision rules — reflecting that which should be done — can be
determined with certainty. This approach assumes that there is, for every clinical scenario, one certain, best
decision to be made, and that it can be determined by decision-modeling. By universalist, I refer to the idea
that the normative claims of decision rules are expected to be stable across time and space; for example,
that administering tPA to a given patient is the right thing to do, without qualification.
Despite its widespread influence, the rationalistic approach to decision-making in medicine is
problematic and therefore does not serve as the analytic foundation for this thesis. As elaborated by
heuristic approaches to decision-making — which will be presented next — humans (and doctors) do not
follow the claims of rationality in all circumstances, and therefore rationalistic approaches do not accurately
reflect a large proportion of decisions made.79 Moreover, rationalistic decision modeling can incorporate
only a limited set of variables into its calculations. However, as suggested by Jones and others, medical
decision-making is highly complex, and the number of variables inherent in any given decision would
render mathematical formulation difficult, if not impossible.80 Finally, rationalistic decision-making requires
the normative evaluation of decisions; it states that certain decisions are right, and others wrong. However,
76
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it is rare in medicine to determine that one treatment strategy is clearly right or clearly wrong in all cases,
let alone in reference to any individual patient. A historically-informed position recognizes that normative
judgments about decisions, and the decisions themselves, will be dictated by the cultural values, theories,
and technologies of a given place and time. None of these factors is reflected in standard rationalistic
approaches to decision-making.

Heuristic Approaches to Decision-Making
Over the course of the last forty years, non-rationalistic perspectives on decision-making have
emerged in psychology and economics.81 One of the most influential approaches is presented here as
heuristic decision-making, in that it reflects the central role of heuristics in human decision-making. As
proposed by American-Israeli psychologists Daniel Kahnemann and Amos Tversky (1937-1996), heuristics
are mental shortcuts that aid in making rapid decisions.82 In studying the actual decision-making of
individuals when faced with real-world problems (albeit under experimental conditions), Kahnemann and
Tversky identified what they call biases, or systematic tendencies that violate the norms of rationalistic
decision-making.83 In short, people do not always make decisions that maximize their ends. Kahnemann and
Tversky codified their work under the title Prospect Theory, which is a descriptive theory that aims to
document and explain systemic violations of the axioms of rationality in decision-making.84 Prospect Theory
proposes that the types of utility calculations conceived under rationalistic theories are rarely performed by
human beings in the course of everyday activities. Rather, most decisions are made on the basis of intuitive
processes that do not involve the conscious experience of calculation. These intuitive processes are called
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heuristics. Moreover, heuristics can also influence decision-making even in circumstances in which
individuals do perform rationalistic calculations.
Whether heuristics reflect helpful mechanisms to be celebrated or sources of error to be removed
remains contested within the psychological literature, and it goes beyond the scope of this thesis to address
the argumentation put forward in this debate in any detail.85 Briefly put, the work of Kahnemann, Tversky
and their collaborators has generally sought to demonstrate the limitations of heuristic mechanisms. In
contrast, a Berlin-based group featuring influential psychologist Gerd Gigerenzer has argued for the utility
of heuristic mechanisms in rendering decision-making “fast and frugal.”86 Gigerenzer and colleagues have
popularized phrases such as “less is more,” and “take the best,” to describe the advantages afforded by
heuristic-based decision-making.87 They have promoted analyzing “ecological rationality,” by which they
mean studying the efficiency of heuristics in relation to a particular task and environment, such as acute
stroke decision-making in the emergency department.88
Kahnemann and Tversky have documented a number of different heuristic mechanisms. One
prominent heuristic is that of “framing,” which suggests that decision-making is heavily influenced by the
frame within which information is presented.89 For example, a patient who is told that surgery carries a 5%
chance of death will be less likely to go under the knife than a patient who is told that surgery carries a 95%
chance of survival. Another heuristic mechanism is “priming,” in which decision-making is influenced by
prior exposure to stimuli.90 For example, showing a patient a picture of a surgery gone wrong will make
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that individual less likely to agree to surgery. Framing and priming have both been documented to occur in
medical decision-making.91
Another heuristic mechanism is “substitution,” in which a simple question is answered in place of a
more complex one.92 For example, one such substitution involves answering an affective question (“How do
I feel about x?”) in place of a cognitive one (“What should I do about x?”). This type of substitution is
particularly likely to occur when the original question is difficult, and when there is little time to deliberate
on the answer. These circumstances may arise, for example, in the treatment of acute stroke. Because the
question of how to manage a particular stroke patient is hard, a physician may instead consider how she feels
about stroke patients, or how she feels about post-stroke disability. Or, the question of how to manage
stroke in a 95 year old patient may be replaced by the question of how the physician feels about 95 year old
patients. As a consequence, a physician’s attitudes and values (be they consciously recognized or not) may
impact management in the case of acute stroke treatment decisions.
Recognition of the role of heuristics in decision-making does not eliminate the possibility of
rationalistic decision-making, but highlights its limitations. From the perspective of Prospect Theory, two
forms of decision-making can therefore be differentiated: first, the intuitive, automatic, biased processes
often called Type 1 decision-making; and second, the rational, calculated procedures often called Type 2
decision-making.93 Type 1 decision-making is considered to occur much more frequently than Type 2
decision-making. When an event is detected that violates the model of the world supported by Type 1
decision-making, then Type 2 mechanisms can take over. Given that the activation of Type 2 decisionmaking will be dependent upon the function of Type 1 processes, this set up demonstrates how Type 1
decision-making can heavily influence the use of Type 2 decision-making. Moreover, Type 1 decision-
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making can influence Type 2 decision-making through the production of impressions, intuitions, intentions
and feelings that are subsequently confirmed by apparently rationalistic calculations.94
While Type 1 decision-making is quick and relatively effortless, Type 2 decision-making requires
the expenditure of significant cognitive effort, often over prolonged periods of time. Type 2 decisionmaking can therefore be thought of as a limited resource: it can only be applied to a small number of
problems simultaneously, and it is easily depleted.95 For example, a study of Israeli appellate court justices
found that they were much more likely to rely upon Type 1 decision-making (thereby denying parole to
prisoners) when they were tired and hungry than when they had recently eaten or taken a break.96 Type 1
decision-making is much more likely to be engaged in circumstances where the decision-maker is tired,
hungry, required to make multiple decisions, or faced with time pressures and limited information.97 These
are the circumstances of acute stroke decision-making.
While recognition of heuristic approaches to decision-making has influenced recent studies on
doctors’ decisions, the normative content of the rationalistic approach persists, in that physicians generally
expect that their decision-making should be consistent with the norms of rationalistic decision-making
despite the frequent use of heuristics. They therefore view the use of heuristics as detrimental, and ideally
avoidable. For example, physicians explicitly seek strategies that will minimize what they call “cognitive
errors” and reduce “value-induced biases.”98 Pat Crosskerry, an influential Canadian emergency physician,
has sought to catalogue “failed biases and heuristics” without consideration of the potential uses of such
mechanisms.99 He thereby reinforces the rationalistic bias towards valuing calculated decisions at the
expense of heuristically-mediated decisions. Studies have sought to identify physicians who are so-called
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“high quality” decision-makers, in that their decisions are deemed more rationalistic and less influenced by
heuristics.100 For example, physicians are encouraged to abandon “unreasoned rules of thumb” in favour of
“rationalizing the choices made.”101
In 2007, Harvard physician and New Yorker columnist Jerome Groopman authored a widely-cited
book entitled How Doctors Think, in which he explores “what goes on in a doctor’s mind as he or she treats
patients.”102 Groopman’s central argument is that physicians routinely make errors in their decision-making,
and he attributes many of these errors to the influences of heuristic mechanisms. He appropriates the
language of Tversky and Kahnemann to describe the “cognitive traps” that might befall physicians: errors of
affect, availability, representativeness, and attribution. Like Crosskerry, Groopman spends little time
considering how such mechanisms may be helpful. Moreover, Groopman does not explore the way
physicians’ values and experiences may influence their decision-making. He argues that the way to mitigate
the effects of “cognitive traps” on the part of physicians is to involve patients more actively in medical
decision-making, as a check on physician imperfections.103
However, heuristic approaches to decision-making can offer a significant advantage over
rationalistic approaches. In that the theories of heuristic decision-making were based on empirical studies,
they likely represent a more accurate depiction of how physicians make decisions than do rationalistic
conceptions. Heuristic approaches incorporate rationalistic models, under those circumstances in which
they are appropriate. Moreover, as a descriptive theory of decision-making, a heuristic approach avoids
much of the normative judgment that is associated with rationalistic approaches. However, in that they are
focused on the cognitive processes of individuals, heuristic approaches can tell us little about the ways that
social forces may influence decision-making. Additionally, heuristic approaches have not been and cannot be
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historicized, in that the type of experimental interrogations used to identify their presence cannot be
performed retrospectively on people of past eras. Therefore, the applicability of heuristics to the
understanding the decision-making of physicians outside the present context is limited.

Social Psychological Approaches to Decision-Making
Some of the limitations of heuristic approaches to medical decision-making have been addressed
using approaches from sociology and social psychology. For example, recent research has sought to explore
how an individual’s decisions will be influenced by membership in a larger social context.104 A prominent
approach in social psychology, largely developed by Harvard psychologist Mahzarin Banaji, applies a
methodology called the “implicit association test” to demonstrate how implicit racial preferences —
reflective of one’s social environment — impact the judgments that people make about each other. The
implicit association test uses a variety of rapid association scenarios to demonstrate the influence of implicit
or unconscious biases (for example, the presence of social stereotypes) on decision-making, even among
individuals who disavow such prejudices or are members of the group subject to stereotyping. Banaji has
also characterized the ways in which the language of everyday conversation can promote implicit
preferences.105 In 2007, Banaji collaborated with a group of medical researchers at Harvard University to
study physicians’ decision-making, and used the “implicit association test” methodology to demonstrate the
presence of implicit racial preferences in diagnostic and treatment decisions.106
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Sociologist John McKinlay has also been influential in advancing our understanding of how doctors’
decisions are influenced by characteristics related to the doctor, the patient, and the practice setting.107
However, McKinlay seems to have appropriated the language of rationalistic methodologies, in that he
refers to these elements as “non-medical influences,” thereby creating a distinction between them and socalled “medical influences.” This distinction suggests a normative judgment against “non-medical
influences,” in that it implies that they are external or extraneous to medical decision-making. McKinlay has
argued that, while important, these “non-medical influences” can and should be excised from medical
decision-making, which is a claim I will contest later in this thesis.108, 109
McKinlay treats as straightforward the differentiation of medical and non-medical influences,
though I will argue that this distinction is often difficult to draw. For example, is patient age a medical or a
non-medical factor? While many ethicists might argue that physicians should not make judgments based on
patient age, age reflects a physiological process. For example, there are certain diseases that are largely if
not entirely age-determined, such as pyloric stenosis in infancy, Type 1 diabetes in childhood, and
Alzheimer’s Disease in older adulthood. Additionally, when resources are scarce, a defensible argument can
be made that the most expensive treatments should be reserved for patients who are most likely to obtain
the most benefit, such as younger healthier patients. Therefore, the differentiation of “medical” and “nonmedical factors” represents a problematic approach to physician decision-making. I will return to this theme
in Chapter 3.
Despite these limitations, the sociological literature on medical decision-making has introduced
several important empirical techniques to the study of physician decisions. Later in this thesis, I will cite the
results of studies targeting acute stroke decision-making that apply techniques developed by McKinlay and
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colleagues. One of these techniques is “factorial” experimental design, in which physicians’ decisions are
tested in response to versions of a clinical scenario where the “medical” factors are held constant but the
“non-medical” factors are randomized. For example, physicians may be exposed to different versions of a
case of acute stroke, in which the patient’s age, race, or sex vary but the stroke-specific details remain
unchanged. Factorial design was first applied by McKinlay et al. in 1996.110 The intention of this design is to
eliminate confounding variables so as to isolate the impact of a single “non-medical” element, such as patient
race or insurance status. The technique was first used to study chest pain and shortness of breath,111 and has
since been applied in breast cancer,112, 113 polymyalgia rheumatica and depression.114 While factorial study
design necessarily introduces an element of artificiality, it has become increasingly sophisticated, often
involving the use of video vignettes featuring professional patient-actors in a standardized environment,
thereby limiting the impact of the investigative technique itself.115 Arguably, the most influential study to
apply the factorial design was published in the New England Journal of Medicine in 1999. Using a factorial
design, Schulman et al. suggested that primary care physicians demonstrate a systematic tendency against
referring women and African Americans for investigations of chest pain.116 Factorial design has since been
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applied to acute stroke decision-making,117 and forms the basis of some of the empiric investigation
reported later in this thesis.
These sociological and social psychological techniques suggest the value of “context” in studying
physician decision-making. The term “context” has been used to refer to a broad number of factors that may
influence a particular physician’s decision-making. For example, the notion of “context” has been applied to
encompass the institutional, professional, and societal environments within which decisions are made;118 to
physician-specific factors such as biases, opinions, experience, and knowledge; and to patient-specific
factors such as patient preferences and behaviours, as well as sex, race or ethnicity.119 In this way, the
concept of “context” has broadly overlapped with the “non-medical factors” outlined by McKinlay, in that
they have included elements related to the practice environment, the physician, and the patient. In that
contextual approaches begin from the position that decisions cannot be analyzed independently of the
circumstances in which they occur, contextual approaches to decision-making are descriptive more than
normative in focus, and can be used to support the analysis undertaken in this thesis.
However, I propose that the notion of context can be expanded to reflect factors that are of interest
to historians and philosophers. Context can refer to the historical context in which a physician is practicing,
as well as to the epistemic and ethical norms of that time and place. In relation to acute stroke decisionmaking, anthropologist Corinne Hodgson has argued that “clinical decision-making and practice behaviours
do not exist in a vacuum but in the context of underlying personal and professional knowledge, attitudes
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and assumptions.”120 A similar argument is developed in the writings of pediatricians Bauchner et al., who
have argued for the importance of the “epistemic domain” of decision-making, by which they mean the
contemporary state of medical knowledge.121 Bauchner and colleagues have also suggested that “societal
norms” have a pervasive influence on physician decision-making, though this influence is unlikely to be
recognized by physicians making individual decisions. For example, understanding why a physician has
administered tPA to a patient with an “acute stroke” will be influenced by the concept of what an “acute
stroke” is, in that physician’s time and place. That is exactly the issue I will address in Chapter 1. In Chapter
2, I will explore the “epistemic domain” of acute stroke decision-making, and the notion of norms affecting
acute stroke decision-making will be explored in Chapter 3.
The context of a physician’s treatment decisions may therefore be seen to incorporate the
contemporary state of medical knowledge, as well as the contemporary state of moral values and beliefs.
Moreover, this knowledge and these values will have a history of their own, and will arise in relation to a
broader intellectual and scientific history.122 Therefore, the application of techniques from the history and
philosophy of science is likely to be a valuable exercise in the study of acute stroke decision-making, and is
central to my methodology in this thesis. However, the notion of historical context is rarely mentioned in
studies of physician decision-making, or is mentioned in only a cursory fashion.123 For example, in an article
for the American Medical Association Journal of Ethics, bioethicist Abraham Schwab briefly states that decisions
about genetic testing would have had little meaning prior to the description of DNA in 1953, though he fails
to explore how contemporary practice relates to past events.124 To my knowledge, no encompassing
discussion of the historically-determined nature of stroke treatment has appeared in the literature. I have
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therefore sought to apply concepts from the broader literature in the history and philosophy of science to
the questions at the core of this thesis. These sources are presented next.

Approaches to Decision-Making from the History & Philosophy of Science
One of the most influential descriptions of scientific knowledge and practice to appear in the last
hundred years is Thomas Kuhn (1922-1996)’s The Structure of Scientific Revolutions (1962). In his landmark
book, physicist and historian of science Thomas Kuhn presents a theory of scientific knowledge that can be
applied to my study of medical decision-making. Kuhn famously challenges the traditional narrative of
scientific progress as an additive process in which successive discoveries lead to the accumulation of
knowledge.125 Rather, Kuhn proposes that scientists necessarily interpret the world around them from
within a paradigm, which he refers to as a “disciplinary matrix” of shared beliefs, values, instruments and
techniques.126 For Kuhn, paradigms are by definition incompatible, and therefore science advances when
one paradigm overthrows another. This process of overthrow, which he terms “scientific revolution,”
interrupts periods of “normal science” in which one paradigm is dominant and unquestioned within a given
field of inquiry.127 The interpretation of a given phenomenon by any individual scientist will therefore be
determined by the paradigm within which she operates. Understanding why and how a scientist approaches
a problem in a particular way will be dependent upon understanding her paradigm.
Although Kuhn primarily used examples from the history of physics to support his argument, the
notion of scientific paradigms has been broadly applied to medicine, particularly in the study of previous
historical eras.128,129,130 Like scientists, physicians can be understood to interpret the world around them

125

Kuhn, Structure, 6.
Alexander Bird, “Thomas Kuhn,” The Stanford Encyclopedia of Philosophy (Fall 2013 Edition), Edward N. Zalta (ed.), URL =
http://plato.stanford.edu/archives/fall2013/entries/thomas-kuhn/, (accessed April 13, 2014).
127
Kuhn, Structure, 94.
128
C. E. Quin, “The Ideas of Thomas Kuhn in Relation to Medical Advances in the Sixteenth and Seventeenth Centuries,” Journal
of the Royal Society of Medicine 90 (1997): 225-228.
129
J.S. Couto, “Evidence-based Medicine: a Kuhnian Perspective of a Transvestite Non-Theory,” Journal of Evaluation in Clinical
126

27
(encountered through patient histories, physical examinations, laboratory tests, etc.) through paradigms.
Their paradigms would include such content as beliefs about disease (what causes it, how to measure it),
and its treatment (what is likely to be effective, how to decide, which ethical principles should guide
practice). Furthermore, these paradigms will be historically determined. While the practices of 18th century
physicians may appear to modern eyes to be superstitious and erroneous (for example, treating pneumonia
with bloodletting), they must be understood to be no less scientific from within their paradigm than are
contemporary approaches within our paradigm (treating stroke with tPA). Understanding how physicians
make decisions in the treatment of stroke in 2014 will therefore depend upon their paradigm. We can
therefore ask, what are the foundational beliefs of that paradigm, when did they emerge, and to what
degree are they contested? These questions are central to the argumentation of Chapters 1 and 2.
However, there are important ways in which a Kuhnian approach to understanding physician
decision-making is insufficient. Perhaps most significant to the central questions of this thesis is that
disagreements exist within medicine about basic content that Kuhn would consider central to a paradigm.131
Members of different disciplines (such as neurologists in contrast to neurosurgeons) whose areas of
expertise overlap may acquire different ways of approaching patients and of defining problems. Therefore,
it can be hard to argue that all physicians share a single paradigm. Even within one discipline, physicians may
disagree about core concepts, such as what is the cause of a particular disease. As a consequence, they may
approach clinical situations quite differently. For example, in Broken Hearts, Jones chronicles how
cardiologists debated for decades whether atherosclerotic plaques in the coronary arteries were the cause or
the consequence of myocardial infarction (heart attack).132
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It likely that the way physicians conceive of diseases and their causes will have an impact on their
treatment decisions. To understand how physicians make decisions about stroke, we must understand how
they conceive of stroke in the first place. As historian of medicine Charles Rosenberg has famously argued,
diseases can be thought of as social constructs rather than as natural kinds.133 This distinction will be explored
in detail in Chapter 1, but simply put, a natural kind is a thing whose existence or character is determined
by nature, while a social construct is a thing that is brought into existence or shaped by social events, forces,
and history.134 While diseases are related to biological events, how they are understood by physicians and
patients is socially constructed in a given time and place. In his influential essay “Framing Disease” (1992),
Rosenberg argues that a disease does not exist until “we have agreed that it does, by perceiving, naming,
and responding to it.”135 He refers to this process as “framing,” recalling terminology from Tversky and
Kahnemann. For example, “stroke” in 2014 is framed differently than it was in 1994 or 1794.
Understanding stroke in 2014 requires understanding what it means to the doctors, nurses, patients and
families who engage with it, think about it, and live with it in 2014. Approaching acute stroke as a social
construct will inform the arguments at the heart of Chapter 1, and will be explored in greater detail there.
How physicians make decisions about the treatment of certain diseases, and ultimately how those
diseases are “framed,” will in large part depend upon the technology of the day. In Medicine and the Reign of
Technology (1981), historian of medicine Stanley Joel Reiser traces four centuries of technological
developments and describes how they have altered medical decision-making. He highlights certain major
technological innovations that changed the “visualization” of the inner workings of the body: the stethoscope
made the detection of pathology in the heart and lungs appreciable in novel ways; the ophthalmoscope
allowed physicians to look into the patient’s eye; the microscope allowed them to explore the “cellular
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universe.”136 He warns that medicine in the mid-20th century has become overly dependent upon
technologies that it celebrates as certain and objective, though they remain subjective and uncertain.137
Reiser’s argumentation is relevant to the claims of this thesis on several fronts. First, the importance of
technology in defining treatment decisions will be addressed in Chapter 1. The case of the CT scanner,
developed in the 1970s, will be shown to have been a seminal event in the development of the
contemporary notion of the acute stroke. Second, the idea of modern medical science as certain and
objective will be explored, and challenged, in Chapters 2 and 3.
Whether a physician decides to provide tPA to a patient with stroke may depend upon the
paradigm within which she is operating, the framing of diseases in her society, or the technological capital of
the day. Moreover, a broad body of literature suggests how a physician’s values can influence her decisionmaking.138, 139, 140 In Chapter 3, I will explore the ways that physicians’ decisions necessarily require value
judgments, and the incorporation of physicians’ own values. Writing in Virtual Mentor, the online ethics
journal of the American Medical Association, Jack Drescher contends that “No physician can claim to
practice value-free medicine. Undoubtedly, physicians are raised with values, religious or otherwise, that
shape their decisions to become professional caretakers. Their training is further influenced by professional
values.”141 The ways in which physicians’ value judgments — of ideas, people, and states of disability —
impact their decision-making will be addressed in Chapters 2 and 3. Specifically, I will propose that
physicians’ decisions about whether to use tPA to treat patients with stroke involves dual processes of
epistemic and ethical evaluation.
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Further precedent for my approach to physician decision-making — as a historical, epistemic and
ethical process — can be found in the writings of California stroke physician Dr. M. Elizabeth Sandel.
Sandel describes how:
“We bring our life experiences, education and training, personal characteristics, and the biases,
values and ideas we learned from our family of origin and culture when we make decisions and
when we take action… Following a stroke, the patient confronts the situation with his or her
own background and pre-event experiences, and these elements contribute to his or her
reactions, responses, and decisions. Opinions and perspectives of the circle of family and
friends are also determining factors. For a physician or other health care provider, similar
elements are present in encounters with the patient. Of course, in addition to these factors,
medical knowledge and previous experiences with other patients with a history of stroke are
powerful determinants.”142
Sandel identifies the presence of uncertainty, value judgments, conscious bias, and unconscious bias within
this broad conception of the factors relevant to physician decision-making. She relates how the attitudes of
neurologists regarding stroke has evolved over the course of the last 30 years, abandoning therapeutic
nihilism for the belief that recovery is possible. Sandel describes how these multiple influences on decisionmaking are historically- and epistemically-determined. While her discussion focuses on the study of
measures used to enhance recovery post-stroke rather than the use of IV tPA to reverse deficits in a shorter
time frame, Sandel’s conceptualization appears highly applicable to contextualizing acute stroke decisionmaking in relation to the history and philosophy of science.

The Case of Acute Stroke Decision-Making
Medical decision-making, I have argued, is a valid topic of study from the perspective of the history
and philosophy of science. Specifically, notions of paradigms, of diseases as social constructs, and of doctors
as people with values, may reveal the complexities of the decision-making process. I have chosen the case of
acute stroke decision-making to be the subject of this thesis, and it is now time to explain the terms and
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basic concepts of the case in question. The term “stroke” appears to have been first used in 1599, though
modern conceptions about its clinical features and pathological qualities can be traced to the
accomplishments of 19th century French and German physicians and pathologists, such as Jean-Martin
Charcot (1825-1893), Henri Duret (1849-1921), Otto Heubner (1843-1926) and Rudolf Virchow (18211902). Significantly more has come to be known about stroke subtypes and their respective “risk factors”
from the work of 20th century Canadian and American neurologists such as C. Miller Fisher (1913-2012),
Louis R. Caplan, J.P. Mohr, and Henry Barnett.143
Stroke is a common and serious disease. It is frequently cited as the leading cause of disability, and
the third leading cause of death, in Canada. It is one of the most common neurological diseases, affecting
more than 50,000 Canadians per year.144 In contemporary medicine, the term stroke may be applied nonspecifically, referring to any of five discrete pathological processes: ischemic stroke, intracerebral
hemorrhage, hypoxic-ischemic encephalopathy, subarachnoid hemorrhage, and cerebral venous sinus
thrombosis.145 The commonality between these processes is that they can share a clinical phenotype,
meaning that their symptoms may be similar. Specifically, they may each present as the sudden onset (arising
and peaking quickly, over a period of seconds or minutes) of focal neurological symptoms (the loss of functions
of the nervous system, such as the ability to move one side of the body or to produce speech).146
In this thesis, I will limit my discussion to ischemic stroke, for several reasons. First, ischemic
stroke accounts for upwards of 70% of all events that may be called “strokes,” and is therefore the most
common of the five processes introduced above. Second, ischemic stroke is a serious illness: of 100 patients
who suffer an ischemic stroke, 20 will die, 20 will return to normal, and 60 will be left with some degree
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of deficit or disability.147 Third, and most importantly, ischemic stroke is the only one of the five types of
“stroke” whose symptoms can be reversed by a specific intervention, be it medical or surgical. Therefore,
the type of decision-making under investigation in this thesis — namely, how doctors decide to administer a
particular treatment — is only applicable to ischemic stroke. Henceforth, “stroke” and “acute stroke” will
be used to refer exclusively to ischemic stroke or acute ischemic stroke, respectively. Some consideration of the
contemporary understanding of the pathological process of ischemia is now appropriate.
Ischemia refers to an abnormal state in which an organ (in this case the brain) is deprived of
adequate blood flow.148 In ischemic stroke, an interruption in the flow of blood to a particular region of the
brain arises due to the blockage of an artery within the head or neck. Arteries are the pipes that deliver
blood, oxygen, glucose and important nutrients from the heart to the body’s organs, including the brain.149
When blood flow in an artery is impaired, a group of brain cells will become starved, and will stop
functioning. As a consequence, the patient experiences the sudden loss of the functions previously
performed by that part of the brain. For example, he or she may experience the loss of the ability to
generate or understand speech, to move one side of the body, to feel touch on one limb, or to see one half
of the world. If blood flow remains sufficiently impaired for sufficiently long, then that brain region will
die, and those functions will be irreversibly lost.150
The number of arteries carrying blood to and within the brain is limited, and their anatomical
organization is relatively consistent across the human species.151 Moreover, the distribution of brain
functions (such as speaking or sensation) is relatively consistent as well.152 When a particular brain artery is
blocked, blood flow is lost only to the region served by that artery. This leads to the loss of the functions of
that and only that region, in discrete and reproducible ways. Because of the consistency of the association
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between functions, brain regions, and arterial supply, neurologists can derive from the clinical symptoms
manifested by a patient both the region of the brain affected and the blocked artery.153 This clinicalanatomical reasoning is central to acute stroke decision-making, and will feature in Chapters 1 and 2.
Because of neurologists’ familiarity with the structural and functional anatomy of the brain, they are able to
determine whether the symptoms demonstrated by a given patient are consistent with the common patterns
encountered in ischemic stroke.
When a patient in Canada in 2014 experiences a stroke, she (or someone close by) is liable to call
9-1-1, and the patient is immediately transported to a hospital emergency department. There, the patient
may be assessed by an emergency physician, by a neurologist, or by both types of doctors. An account of
what transpired — what physicians call the history — is obtained as quickly as possible, and then the patient
undergoes a physical examination, which serves to identify the pattern of symptoms being experienced by the
patient. After the physical examination, the patient proceeds to the computerized tomography (CT)
scanner, where an x-ray based image of the brain is obtained.154 The purpose of the CT scan is primarily to
exclude intracerebral hemorrhage — bleeding into the substance of the brain — which can have identical
clinical symptoms to an ischemic stroke. Intracerebral hemorrhage is managed differently than ischemic
stroke, most prominently in that the clot-busting drug tissue plasminogen activator is not used in the
treatment of hemorrhage. On the basis of the history, physical examination, CT scan results, and some
additional parameters, the clinicians involved will decide whether the patient is a candidate for treatment
with the drug called tissue plasminogen activator (tPA).155
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Figure 1. CT scan of the brain, anonymized patient, Toronto, 2010. On a CT scan, air is black, bone is
white, and brain is grey. The head is oriented such that the eyes are at the top and the back of the head
is at the bottom of the image. An area to the back left that is darker grey represents an ischemic stroke
affecting the right middle cerebral artery territory. The fact that the brain in this section is darker than
the rest suggests that is it irreversibly damaged.

The use of tPA is based on its presumed ability to re-open blocked arteries, an effect first suggested
in a landmark 1995 clinical trial published in the New England Journal of Medicine. That trial, now known as
the NINDS trial after the governmental agency that funded it,156 suggested for the first time that a medicine
could be used to reverse the signs and symptoms of stroke, leading to better long-term outcomes for
patients.157 Tissue plasminogen activator is a powerful thrombolytic, or clot-buster, that is administered
through the vein (IV) to reopen blockages in arteries that can impair blood flow to the brain, as well as in
the heart, lungs, or other major arteries.158 tPA does not work in all cases. Specifically, it is only beneficial
in stroke if administered within approximately 3 hours of the onset of a patient’s symptoms. Longer than
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that, and tPA brings a greater chance of harm than benefit. The mechanism of that harm is bleeding: as a
clot-buster, it can induce potentially fatal hemorrhage, be it in the brain or elsewhere in the body.159

Figure 2. Digital Subtraction Angiogram from an anonymized patient, Toronto, 2010. This image
depicts normal blood flow through the left internal carotid artery, which enters the brain and divides
into the anterior cerebral artery (midline) and middle cerebral artery (right). This pattern of blood flow
is duplicated, with a twin supply arising from the other side of the neck (not shown). This pattern is
relatively preserved across the human species.

The decision faced by clinicians in the setting of an acute stroke is whether or not to use tPA.
National guidelines recommend its use, and the developed nations of the world have invested large sums of
money to put in place an infrastructure that allows patients to be treated with tPA as quickly as possible.160
However, this simple, everyday decision — yes or no to tPA? — appears to be quite complex. Many
estimates suggest that fewer than 5% of stroke patients receive treatment with IV tPA, largely owing to the
fact that many patients do not arrive in hospital quickly enough to be assessed for treatment within 3 hours.
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However, even among eligible candidates for tPA, fewer than 50% of patients receive treatment with
tPA.161 If tPA gives stroke patients their best chance of recovery, shouldn’t it be a straightforward matter of
administering it to all eligible patients?162
The way that cases of acute stroke are reported in the medical literature would certainly suggest so.
A characteristic example appears in a review article in the New England Journal of Medicine in 2007:
A 62-year-old man has sudden weakness of the left arm and leg and slurred speech. Except
for untreated hypertension, his medical history is unremarkable. He is a current smoker with
a smoking history of 45 pack-years. On arrival at the emergency department 1 hour 15
minutes after the onset of symptoms, he reports no headache or vomiting. His blood
pressure is 180/100 mm Hg, and his pulse is 76 beats per minute and is regular. Neurologic
examination shows dysarthria, a left homonymous hemianopia, severe left-sided weakness,
and a failure to register light touch on the left side of the body when both sides are touched
simultaneously (left tactile extinction). How should this patient be evaluated and treated in
the short term?163
This 62 year old man arrives in the emergency department with disabling deficits, referable to a blockage of
the right Middle Cerebral Artery, the main artery carrying blood to the right side of the brain. He is within
the time window for treatment with IV tPA. The authors conclude their vignette with a question (“How
should this patient be evaluated and treated?”), but they do not expect debate: standard management
includes a CT scan to exclude intracerebral hemorrhage, and they expect that the patient should receive IV
tPA.
In this case, as in much of the stroke literature, the decision-making process is taken to be selfevident: the patient has been diagnosed with a stroke and is in the time window, and therefore should (and
will) be treated with tPA. However, any number of relevant assumptions — that there is a disease called an
acute ischemic stroke, that the diagnosis of acute ischemic stroke is clear in this patient, that tPA is an
effective treatment for acute ischemic stroke, that the physician believes that tPA is the best option for this
161
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patient, that the physician will do what is best for this patient — go unmentioned. And yet, these
assumptions and values, developed within a particular historical, epistemic, and ethical context, appear
highly relevant to acute stroke decision-making. They are the subject of this thesis: how do physicians make
treatment decisions surrounding the use of tPA in the management of acute ischemic stroke?

Outline
To begin, what is an “acute stroke” to neurologists in 2014? In Chapter 1, I will argue that the
disease called the “acute stroke” is understood as a stroke that potentially treatable through properly
administered tPA. This argument takes as its starting point the notion that diseases are social constructs and
not natural kinds, and therefore I will introduce the relevant conceptual basis for this position. Given that
the efficacy of tPA for acute stroke was first demonstrated in the NINDS trial in 1995, I will explore usages
of the term “acute,” “stroke,” and “acute stroke” in the years prior to 1995, as a means of tracing the
relevant notions that have since come together in the contemporary concept of the “acute stroke.”
Specifically, I will argue that “acute stroke,” as understood today, is conceived in relation to the efficacy of
tPA because of the interweaving of several earlier concepts. These earlier concepts, which I label
preconditions, incorporate key concepts from the history of neurology and medicine dating to the 17th
century. For example, the contemporary notion of the “acute stroke” depends upon the idea that diseases
are localizable within the body (and the brain), meaning that they can be related to dysfunction of specific
organs, rather than to dysfunction of the body as a whole. A second precondition is the development of the
notion of the clinico-anatomical method, meaning that physicians can identify consistent relations between a
disease’s location and a patient’s symptoms. Moreover, the existence of the “acute stroke” depends upon
the differentiation of ischemia from hemorrhage, both as pathological entities identified at autopsy, and as
clinical entities using the CT scan. Finally, the notion of the “acute stroke” is dependent upon a physiological
theory called the penumbra, in which it is posited that brain tissue remains alive in the setting of stroke
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despite the interruption of blood flow. These preconditions come together, I argue, in light of the results of
the NINDS trial, which was published in 1995. By defining “acute stroke” in relation to a set of
preconditions, I argue that contemporary notions of disease — and the decisions that are based upon them
— are historically-determined rather than timeless, and contingent rather than inevitable. This historical
analysis of the “acute stroke” exemplifies the importance of understanding the genesis and development of
ideas in modern medicine.
In Chapter 2, I engage in an exploration of the role of epistemic reasoning in acute stroke decisionmaking. I propose that acute stroke decision-making involves a process in which clinical propositions (eg.
that the acute stroke is treatable with tPA, or that the diagnosis of acute stroke can be made) are subject to
epistemic evaluation, and that the results of these epistemic evaluations impact treatment decisions. My
conceptualization of this process of epistemic evaluation builds from the scholarship of the Polish biologist
and philosopher Ludwik Fleck (1896-1961). Particularly, I argue that physicians evaluate contemporary
knowledge (such as the results of the NINDS trial) in relation to what Fleck terms a thought style, or a
historical body of knowledge and practices.164 Therefore, differences in the epistemic evaluation of a set of
clinical propositions relevant to acute stroke decision-making reflect differences in physicians’ thought
styles. Historical knowledge — specifically, knowledge of the preconditions that established the modern
meaning of the acute stroke — plays a central part in the epistemic evaluation of the clinical propositions
relevant to acute stroke decision-making. My characterization of epistemic evaluation in acute stroke
decision-making differs significantly from that offered by evidence-based medicine, which is the dominant
theory of medical epistemology in the 21st century. As a consequence, I provide a critique of evidence-based
medicine, focusing on its depiction of medical knowledge and its role in physician decision-making.
In Chapter 3, I propose that acute stroke decision-making also involves a process of ethical
evaluation, in which patients, diseases and outcomes are evaluated by physicians as part of the decision to
164
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administer tPA. I provide a justification for exploring the ethical aspects of everyday medical decisions, like
those surrounding tPA use, that breaks with the principlist approach to medical ethics that has characterized
most bioethics scholarship over the last four decades. I argue that physician decision-making is
consequentialist in its orientation, and therefore, medical outcomes are also ethical outcomes, and medical
decision-making is also ethical decision-making. I then explore the content of those ethical decisions,
namely how clinicians evaluate patients’ post-stroke outcomes and pre-stroke states. I conclude that ethical
evaluation is an important influence on acute stroke decision-making. I challenge the contemporary notion
that medical decisions can be objective, independent of theory and values. I propose that acute stroke
decision-making is necessarily subjective and variable.
In my conclusion, I summarize the central argument of this thesis, namely that acute stroke
decision-making includes processes of epistemic and ethical evaluation based on historically-determined
notions of disease and treatment. I argue that we can generalize from the example of acute stroke decisionmaking to conceive of physician decision-making as a simultaneously historical, epistemic and ethical
process. Moreover, I elaborate the ways that physician decision-making is psychological, social and
scientific. If physician decision-making is indeed historical, philosophical and scientific, then analysis based
in the disciplines of the humanities — and especially in the history and philosophy of science — is not just
helpful but necessary to understand the complexities of contemporary medical practice.
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Chapter 1:
The Meaning of “Acute Stroke”
The concept of syphilis must be investigated like any other case in the history of ideas, as
being the result of the development and confluence of several lines of collective thought.
– Ludwik Fleck, Genesis and Development of a Scientific Fact (orig. 1935)
Introduction
The intention of this thesis is to analyze how doctors make decisions in the treatment of patients
with acute stroke, as a means of better understanding the decision-making processes of doctors in general.
Specifically, an approach based in the history and philosophy of science has been applied to the case of acute
stroke decision-making in the latter half of the 20th century and the beginning of the 21st century. An
important step in understanding how doctors treat patients with acute stroke is to understand how doctors
during this period have come to understand the meaning of the term “acute stroke.” For example, if “acute
stroke” is understood as a disease that is irreversibly debilitating and unresponsive to any treatment, then
doctors would be unlikely to administer treatment for a condition that they know to be incurable.165A
philosophical approach to the “acute stroke” will help to identify what is meant by the term, while a
historical approach to will help to identify its temporal origins and development.
In this chapter, I will argue that “acute stroke” is understood by contemporary physicians as a stroke
that is potentially reversible through the proper administration of the thrombolytic (clot-busting) drug
called tPA. I propose that this meaning has arisen in light of the results of the NINDS clinical trial, which in
1995 became the first trial to demonstrate the efficacy of tPA as a treatment for stroke.166 Moreover, I
intend to trace the origins of this modern meaning of the “acute stroke” to a set of preconditions, by which I
mean a series of concepts and systems that allowed for the development of acute stroke’s modern meaning.

165
166

William Osler, The Principles and Practice of Medicine, 7th Edition (New York: D. Appleton and Company, 1911), 981.
NINDS rtPA Study Group, “Tissue Plasminogen Activator,” 1581.

41
I will argue that the definition of “acute stroke” in relation to tPA is dependent upon six preconditions: an
elaboration of the vascular anatomy of the brain, the conceptualization of pathology as localizable within the
body, the pathological distinction of ischemia from hemorrhage, the application of computerized
tomography (CT) scanning, the development of thrombolytic therapies, and the conceptualization of the
ischemic penumbra.167
My analysis of the meaning of the “acute stroke” is based upon a particular characterization of
disease: namely, of diseases as social constructs, conceived in relation to a historical era and its scientific,
epistemic and ethical content.168 This view differs from the traditional medical approach to disease.
Therefore, I will begin this chapter by addressing the question of how diseases can and should be analyzed.
Terminologies and concepts from history, epistemology and ontology will be introduced to serve as the
foundation upon which the argument of this chapter will follow, and from which relevant generalizations
about doctors’ decision-making will be drawn.
History, Epistemology & Ontology
How are we to answer a question like: “What is the meaning of acute stroke?” On the most basic
level, that depends on what kind of thing we think an acute stroke is.169 If an acute stroke is considered
along the lines of gold or oxygen — an entity that exists in nature and bears qualities that are consistent at
all times and in all places — then defining its nature is simply a question of identifying those qualities. Its
history, then, would be a relatively straightforward narrative of how it was discovered, and how its
properties were characterized.170 If, however, an acute stroke is an idea — like hope or wealth — then
defining its nature means understanding what that idea means to the people who share it. Its history
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becomes a story of how people in past eras have understood the term, how that meaning existed in relation
to other concepts, and how our current understanding developed.171
This comparison — of gold on the one hand, and wealth on the other — apposes the notions of
natural kinds and social constructs. A natural kind, as suggested above, is an entity that exists and would exist
regardless of human understanding. Traditionally speaking, members of a natural kind are felt to share a
common essence.172 For example, the essence of gold is its atomic structure. From the perspective of kind
essentialism, this structure “occurs in all and only pieces of gold, and it is a property that all gold must
have.”173 In recent decades, the notion of what identifies a natural kind, particularly in biology, has been
hotly contested.174 The specifics of this debate go beyond the scope of my thesis. However, the notion that
there exist in nature certain kinds whose properties are consistent and (relatively) indivisible reflects one
way of conceiving of diseases like the acute stroke.
In contrast, the notion of disease as a social construct implies that diseases are conceived and
understood through a human lens, in relation to time, place, and person.175 Columbia University physician
and philosopher Jeremy Simon summarizes the social constructivist position when he writes that “patients
are arranged in diagnostic categories that are constructed by humans based on criteria that may be related to
our methods for gaining knowledge about our patients’ conditions, our means for treating them, or other
factors that humans use to categorize each other.”176 In important ways, even gold and oxygen can be seen
as ideas, whose qualities are interpreted by people on the basis of their points of view.177 In clinical
medicine, and much of medical historiography, diseases like the acute stroke are thought to reflect natural

171

Kuhn, Structure, 10.
Marc Ereshefsky, “Species, Taxonomy and Systematics,” eds. Alex Rosenberg, Robert Arp, Philosophy of Biology: An Anthology
(Chichester: Wiley-Blackwell, 2010), 255-271.
173
Marc Ereshefsky, “Natural Kinds in Biology,” Routledge Encyclopedia of Philosophy. Published online at
http://people.ucalgary.ca/~ereshefs/#Articles_Chapters_and_Entries, (Accessed April 3, 2014).
174
Ereshefsky, “Species, Taxonomy and Systematics,” 256.
175
Hacking, Social Construction, 134.
176
Simon, “Constructive Realism,” 355.
177
Kuhn, Structure, 120.
172

43
kinds. However, in this chapter, and in this thesis, I will argue that diseases are best understood as social
constructs.
A consequence of approaching diseases as social constructs rather than as natural kinds is that the
question of what the “acute stroke” is becomes as much an epistemological question as an ontological
question. Epistemology is the branch of philosophy concerned with the nature of knowledge, its justification,
and its relation to belief.178 Medical epistemology, therefore, is the study of knowledge and belief in
medicine, with attention to questions of what physicians believe to be true, and why they believe it.179 How
physicians conceive of a disease, if there is some conception involved, represents an epistemic question.
Issues of epistemology will feature in each chapter of this thesis. Ontology, grossly speaking, is the study of
determining what exists, and defining the properties of the things that exist.180 Medical ontology is
concerned with the existence, features, and relations of a set of things relevant to medicine, including but
not limited to medicine itself, health, disease, and individual diseases like acute stroke.181 Whether “acute
stroke” is a natural kind or a social construct is an ontological question.
In the clinical literature, the “acute stroke,” and diseases in general, are referred to as if they were
natural kinds.182 By this I mean that when they are provided with a meaning, it is in the form of a definition
that specifies a fixed set of properties. Moreover, these definitions use the present tense of the verb to be:
they occur in the form, “stroke is.” For example, in the widely read textbook Localization in Clinical
Neurology (2007) by neurologist Paul Brazis of the Mayo Clinic, stroke is defined in relation to its clinical
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features and underlying pathophysiology as: “the relatively abrupt (seconds to hours) onset of a focal
neurological deficit resulting from disease (occlusion or rupture) of the arteries or veins that serve the
[central nervous system].”183
However, very often, a disease like stroke is not provided with a definition at all. Authors simply
assume that the use of the term stroke carries a specific and known meaning that does not require
elaboration. In Neurology in Clinical Practice (2008), an influential textbook edited by Walter Bradley of the
University of Miami, the chapter on stroke begins with the statement that “There are approximately
750,000 new or recurrent strokes annually in the United States,” though no meaning of the term stroke is
offered.184 Similarly, the discussion of “acute stroke” in Bradley’s textbook includes no specific meaning for
that term either.185 The American Heart Association’s 2011 guidelines on stroke prevention186 begin with
the statement that “Stroke is a major source of morbidity and mortality in the United States,” but does not
tell the reader what a stroke might be.187 This phenomenon of not providing a meaning for a disease like
stroke is consistent with the notion of diseases as natural kinds, in that it is assumed that the term stroke
refers to a category that exists in nature, has specific properties, and that these properties are relatively
obvious.
The consideration of diseases as natural kinds is reflected in the practice of retrospective diagnosis,
in which physicians or historians of one era attempt to arrive at diagnoses from the historical record of past
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eras.188 In his recent monograph Multiple Sclerosis: The History of a Disease, Dalhousie University neurologist
and historian T. Jock Murray states that “MS is a recurrent demyelinating disease of the white matter in the
[Central Nervous System], which usually becomes progressive.”189 The association of the term “multiple
sclerosis” with its meaning occurs through the present tense form of the verb to be, rather than through an
association bounded by temporal or spatial restrictions. Murray writes that Multiple Sclerosis “was probably
always there,” implying that it should be understood as a natural kind, just waiting to be “discovered” by
scientists.190 He begins his history of Multiple Sclerosis with an account of a 14th century Dutch girl who he
considers to be the disease’s earliest known patient. However, neither the term “multiple sclerosis,” nor its
associated content — concepts like demyelination, white matter, and the central nervous system — would
have had any meaning to this girl or to her contemporaries. Applying 21st century concepts to the suffering
of a 14th century girl does not help us to understand her experience or our own.191
Even in the present, the idea that diseases should be understood as natural kinds appears
problematic. For example, physicians in most fields are engaged in endless debates about the particular
qualities of the diseases they diagnose. Nowhere is this phenomenon better recognized than in psychiatry.
When new editions of the Diagnostic and Statistical Manual, the psychiatrist’s encyclopedia, suddenly add or
remove new diseases to the list, it is difficult to maintain a belief that these diseases have somehow only
recently been “discovered” within nature.192 The neurological community is also affected by persistent
controversy surrounding the definitions of various diseases.193 For example, the recent American Heart
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Association guidelines on stroke prevention address controversy surrounding the definition of a “transient
ischemic attack,” (TIA) a diagnosis related to the ischemic stroke in symptomatology and pathology. The
guidelines state:
“By conventional clinical definitions, the presence of focal neurological symptoms or signs
lasting less than 24 hours has been defined as a TIA. With more widespread use of modern
imaging techniques for the brain, up to one third of patients with symptoms lasting less than 24
hours have been found to have an infarction. This has led to a new tissue-based definition of
TIA: a transient episode of neurological dysfunction caused by focal brain, spinal cord, or
retinal ischemia, without acute infarction.”194
The authors of this guideline imply that this “new tissue-based definition of TIA” is superior to the
“conventional clinical definition”: it arises from novel information (“modern imaging techniques”) to arrive
closer to the essential properties of a TIA. Controversies surrounding disease definitions, and efforts to
arrive at consensus, are generally understood by physicians as reflective of an epistemic gap rather than an
ontologic gap, meaning that any imperfections in definitions are understood to reflect the limitations of
prior knowledge, not fundamental questions about the nature of disease itself.
However, many historians have argued convincingly for the idea that diseases are constructed
within a social and historical context. Perhaps the first account of diseases as historically-determined
concepts comes from Ludwik Fleck (1896-1961), the Polish microbiologist and early philosopher of
medicine who authored Genesis and Development of a Scientific Fact in 1935 (translated into English in 1979).
Fleck argues that the biological elements of a disease are insufficient to explain it,195 and explores syphilis as
a “case in the history of ideas.”196 He argues that the idea of syphilis arose, changed and arose again. He
identifies the 20th century conception of syphilis — defined in relation to an immunological test called the
Wassermann reaction — as reflecting the intertwining of four earlier lines of thought, each of which had its
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own history.197 Fleck writes that “the Wassermann reaction in its relation to syphilis constitutes the
modern, scientific expression of an earlier pre-idea which contributed to the concept of syphilis.”198 In this
way, Fleck writes that “concepts are not spontaneously created but are determined by their ancestors.”199
Fleck conceives of diseases, like syphilis or acute stroke, as ideas, arising in relation to earlier ideas. From
Fleck, this chapter argues that the contemporary notion of the acute stroke is the product of a set of
preconditions. More strongly put, Fleck’s claim that concepts are determined by their ancestors supports
my argument that the idea of a disease (in a particular place and at a particular time) cannot be extricated
from the intellectual history from which it arises.
The notion of disease as social construct is echoed in the writings of Mirko Grmek (1924-2000),
the Croatian-French historian of medicine. In his influential text Diseases in the Ancient World (1989), Grmek
urges his readers to rid themselves “as completely as possible of the ontologic notion of disease embedded in
our everyday language.”200 By this he means to reject the notion of diseases as natural kinds — as the
“constitutive elements” of reality — and to replace it with the notion of diseases as “explanatory models of
reality.”201 He argues that diseases “presuppose a certain medical philosophical or pathological system of
reference,” meaning that they reflect a certain set of background assumptions or theories.202 Grmek
elaborates that
The history of Western medicine, as well as the comparative study of medicine in diverse
societies, shows clearly that diseases are not inevitably conceptualized as they are nowadays.
How they are conceptualized depends as much on the scientific sophistication of a society as on
the pathological realities of a given historical moment in a specific geographical area.203
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In this passage, Grmek makes explicit that the way a disease is conceived in a particular place and at a
particular time is not inevitable. For Grmek, the meaning of a particular term is contingent on the
technological state of the society using that term. Moreover, Grmek warns his audience against assuming
that the meaning of a word — syphilis, or stroke, for example — remains consistent across time and
geography. “Most dangerous are the shifts in meaning — the word remains, the concept changes,” he
writes.204 Grmek’s notions of contingency, of the importance of technology, and of shifting usages of words
become central themes in the history of acute stroke to follow.
Perhaps the historian most closely associated with the notion of diseases as social constructs is the
Canadian-American historian of medicine Charles Rosenberg of Harvard University. In Framing Disease
(1992), Charles Rosenberg proposes that a disease be understood as
“at once a biological event, a generation-specific repertoire of verbal constructs reflecting
medicine’s intellectual and institutional history, an occasion of and potential legitimation for
public policy, an aspect of social role and individual — intrapsychic — identity, a sanction for
cultural values, and a structuring element in doctor and patient interactions.”205
The way that a disease is understood therefore has wide-ranging implications for patients, physicians, the
health care system, and society as a whole. Specific to the central question of this thesis, Rosenberg
elaborates on how the framing of diseases impacts the daily practices of physicians. Like Grmek before
him,206 Rosenberg recognizes how physician practices “have always been dependent on time-bound
intellectual tools,”207 in that it is impossible to practice external to one’s social and historical context.
Moreover, Rosenberg develops the notion that the framing of diseases — their identification and
attribution of meaning — can occur in response to a number of factors, of which two of the most
prominent are technologies and treatments. In Medicine and the Reign of Technology (1978), American
historian of medicine Stanley Joel Reiser argues that technological advances from the seventeenth to
204
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twentieth centuries shaped the ways in which doctors diagnosed illness. Reiser’s interest in diagnosis is
tightly bound with the entities being diagnosed, namely diseases. He describes how the means of interaction
between doctor and patient — the various elements of the assessment including history-taking, physical
examination, laboratory tests and imaging — determine the physician’s perspective on the nature of illness
and disease.208 For example, prior to the 19th century, physicians performed very limited physical
examinations, and based their assessments on patients’ self-reports of illness. As a consequence, symptoms
(the subjective experience of illness reported by the patient) and diseases were considered one and the
same. “Fever” was a disease; so too was “cough.”209 However, with the development of examination
techniques like percussion (tapping on the chest) and auscultation (listening to internal sounds through the
use of the stethoscope), diseases could now be perceived independently of the patient’s reports, in relation
to elements appreciated empirically by the physician.210 Cough ceased being a disease, and pneumonia arose
as a clinical entity. In the late 19th and early 20th centuries, the development of bacteriology led to the
differentiation of pneumonia into subtypes based on the infectious agent.211 Subsequent to the development
of antibiotics in the mid-20th century, pneumonias could then be differentiated by their response to
particular drugs at particular doses.
Treatments, as Rosenberg argues, lie at the heart of any medical system, and as a consequence play
a central role in defining disease. In a seminal article from 1979, Rosenberg characterizes how treatment
was understood within the context of late 18th and early 19th century America. Rosenberg writes how the
doctor-patient interaction was built upon a certain conceptualization — built upon a common set of
epistemic and ethical assumptions shared by doctor and patient— of the body as a system of dynamic
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interactions with the environment.212 Diseases did not exist within specific organs, but reflected a
disequilibrium within the body.213 Treatments were understood to “work” in that they produced visible and
predictable physiological effects; for example, a diuretic worked because it made the patient urinate, and an
emetic worked because it made the patient vomit.214 The efficacy of the treatment confirmed the physician’s
diagnosis. If a treatment did not work, then the physician would be forced to reconsider his diagnosis.
The interaction between diagnosis and treatment has been further explored in more recent
scholarship. In Last Resort (1998), University of California historian of medicine Jack Pressman (1957-1987)
provides an elegant study of the history of psychosurgery in America. The relationship between treatment
and disease in the middle decades of the 20th century emerges as a central theme of Pressman’s elegant
study.215 The psychiatric diseases treated with psychosurgery had been, up until that point, deemed
incurable. But the proliferation of psychosurgery, and its conceptualization as a treatment that “worked” by
producing visible and predictable effects in patients, had the impact of redefining psychiatric diseases as
treatable, if only for a short period of time and in response to this very specific intervention.216 Due to their
new eligibility for “active treatment,” the psychiatric diseases in question — depression, schizophrenia —
changed.217 Despair was replaced by promise.218 In the case of acute stroke, a similar transition occurred
with the publication of the NINDS trial. Until 1995, the disease called stroke (or its historical pre-idea,
apoplexy) had been associated with unbridled therapeutic nihilism. The existence of a successful therapy
served as the basis for the development of a new disease, with a new meaning.
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A Brief Historiography of Stroke
Historical scholarship on the topic of stroke and its treatment has so far failed to explore the notions
proposed in this thesis, namely that a new concept of “acute stroke” arose in response to the perceived
efficacy of the drug tPA. This likely reflects our relative proximity to the events studied in this thesis.
However, an additional and fundamental challenge to exploring a conceptual history of stroke is produced
by the historical intertwining of the words stroke and apoplexy. As historian of medicine Roger French (19382002) writes, “It is very difficult to trace back through time the identity of modern disease. The name
changes. The description is elusive; either everyone at the time knew what it was (plague, pox) and there
was no need for description, or the description was one of appearances that were significant in an etiology
entirely different from our own.”219,220
The term apoplexy is found in the Hippocratic corpus, and suggests the act of being struck down.
In classical Greek, apo- denotes down or away and -plexein refers to striking.221 The word “apoplexy”
remained in common usage into the 20th century, though its meaning changed. In 1685, British physician
and anatomist Thomas Willis (1621-1675) wrote that apoplexy “denotes a striking, and by reason of the
stupendous nature of the affect, as tho’ it contain’d somewhat divine, it is called a sideration; for those that
are seized with it are planet-struck.”222 In 1820, British physician John Cooke (1756-1838) used the term
apoplexy to denote “a disease in which the patient falls to the ground, often suddenly, and lies without sense
or voluntary motion.”223 By the end of the 19th century, apoplexy was no longer used to refer to a specific
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disease, but to invoke a collection of symptoms — especially the sudden loss of consciousness — that could
arise from any number of pathological processes.224
In contrast, the first known use of the term stroke in the medical context was in 1599, with
reference to “the stroke of Gods hande.”225 Though it would appear that the terms stroke and apoplexy coexisted for several centuries, apoplexy remained the dominant term until the mid-19th century. For
example, Willis spoke exclusively of apoplexy and made no reference to stroke in his medical handbook The
London Practice of Physick (1685).226 Similarly, Italian anatomist Giovanni Battista Morgagni (1682-1771)
presented the autopsy findings of cases of apoplexy in his seminal text De Sedibus et Causis Morborum (1761)
without use of the term stroke.227 Nineteenth century usages of the term stroke retained imagery familiar
from apoplexy, in that they included references to the “considerable stroke of a palsy,”228 “as if struck by
lightning,”229 and “a stroke of paralysis.”230 An English translation of the lectures of French physician Armand
Trousseau (1801-1867), published in 1868, references the entity of “paralytic stroke,” thereby combining
the concept of stroke with a symptom (paralysis) that remains its most common feature in modern
understanding.231
Many historical works on stroke, especially those written by and for clinicians, implicitly accept the
notion of diseases as natural kinds, and use the terms stroke and apoplexy interchangeably, making no
attempts to define them individually or relationally. For example, Columbia neurosurgeon Donald Quest
begins his history of stroke with the statement that “The object of this paper is to trace the development of
224
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understanding of the pathogenesis of stroke as it has evolved through the course of history,” but he begins
his article with a definition of apoplexy and makes no attempt to explicitly relate apoplexy to stroke.232 In A
History of Stroke: Its Recognition and Treatment, neurologists William S. Fields and Noreen A. Lemark discuss a
set of related concepts (apoplexy, hemiplegia, hemorrhage), though they offer no specific meaning for
stroke in relation to these terminologies, at any particular point in history.233 In a more recent article on the
history of stroke, American neurologist Michael Kelly states that “Prevention and treatment of stroke has
changed substantially since the time of Franklin Delano Roosevelt, who died of an intracerebral hemorrhage
in 1945.”234 However, Kelly fails to define stroke or intracerebral hemorrhage; nor does he attempt to draw
any conclusions about the impact of treatment on the understanding of disease.
Within the historiography of stroke, a handful of articles stand out for their rigorous and nuanced
approach to questions of its epistemology and ontology, including the relationship between apoplexy and
stroke. In “From Apoplexy to Stroke,” sociologists Pandora Pound and Michael Bury and neurologist Shah
Ebrahim consider how the disease entities “apoplexy,” “cerebrovascular disease” and “stroke” have
represented different ways of conceptualizing patterns of illness over the course of the last three
centuries.235 They relate the changes in terminologies and conceptualizations to broader changes in medical
theory. For example, they describe how a shift away from the symptomatic notion of apoplexy towards the
pathologically-based “cerebrovascular disease” occurred as a consequence of the decline of the humoral
approach to disease, in which diseases were understood to exist within the body as whole, and the rise of
the clinico-anatomical method in the late 18th and early 19th centuries.236 The development and
dissemination of clinical examination techniques in this period led to the reclassification of diseases
“according to changes inside the body that seemed to deviate from normal,” rather than on the basis of
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patients’ reported symptoms.237 Pound, Bury and Ebrahim then argue that the adoption of the colloquial
term “stroke” by the medical profession in the middle decades of the 20th century reflected a renewed
concept of the disease that placed the patient — for whom a word like stroke had much more significance
than “cerebrovascular disease” — at its centre.238 The authors make no reference to the term “acute stroke”
which is not surprising given that they were writing in 1997, shortly after the publication of the first tPA
trials in stroke. They do, however, engage with the notion of treatment influencing the conceptualization of
disease, through the vehicle of rehabilitation. They conclude that “the more treatment becomes available,
the more uncertainty this appears to give rise to,” in that the previous nihilism associated with stroke might
be rejected in light of new therapies.239
British sociologists Katharine Daneski and Paul Higgs apply a Foucauldian approach to “the changing
discourses and limitations of the medical treatment of apoplexy and stroke,” in their article “How Far Can
Foucault Take Us? An Analysis of the Changing Discourses and Limitations of the Medical Treatment of
Apoplexy and Stroke.” French academic Michel Foucault (1926-1984) famously argued for “epistemes,” or
particular “epistemological fields” that defined the possibility for knowledge in a time and place.240 In their
article on “Apoplexy and Stroke,” Daneski and Higgs reject the notion of discrete epistemes in the history of
stroke as they conclude that early modern concepts of apoplexy were not distinctly replaced by newer
concepts as Foucault would expect, but that they persisted and overlapped with more technologically
advanced concepts like stroke.241
In the course of their analysis, Daneski and Higgs explicitly refer to stroke as “a condition which is
untreatable even to this present day.”242 This analysis is interesting for several reasons. First, Daneski and
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Higgs support the theoretical approach of this chapter by emphasizing the important relationship between a
disease and its treatment. However, their article includes no reference to the use of tPA in the treatment of
stroke. This is surprising, considering that their article was published in 2010, and that tPA was approved
for the treatment of stroke in the United States in 1996, in Canada in 1999 and in Britain in 2007.243
Rather, they argue that it was the publication of guidelines for post-stroke care by the Royal College of
Physicians in Britain 2002 that marked an “epistemological shift” in the treatment of stroke. They propose
that the recognition of the efficacy and need for rehabilitation changed stroke “from a disease with gloomy
prognosis to a condition for which greater expectations of stroke medicine are expressed.”244 Daneski and
Higgs explicitly state that “This optimism does not, however, spring from a dramatic new cure or treatment
for the disease, but from meta-analyses of research suggesting that outcomes for stroke patients will be
improved through better organization of services.”245 It is unclear why they would have ignored the rise of
thrombolysis in stroke.
Finally, an encompassing body of literature on the history of stroke has been published in a series of
articles in the Journal of the History of the Neurosciences by German historian Axel Karenberg. Karenberg’s
publications do not extend as much into the late 20th century to cover the period I am most concerned with
in this thesis. However, he identifies and analyses a series of controversies surrounding usages of the term
“apoplexy,” dating from antiquity.246,247 Recalling the writings of Daneski and Higgs, Karenberg traces a
central dilemma in the clinical literature on stroke: namely what should a physician do for “hopeless cases,”
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meaning cases for which no treatment is available.248 He reminds us that in the medieval period, “the
treatment of incurably ill individuals, it may be recalled, was not regarded as a doctor’s job.”249 As will be
argued in this chapter, the notion that stroke should have been considered incurable, from antiquity until
the very recent past, demonstrates the significance of the “epistemological shift” brought about by tPA in
the late 20th century. Karenberg concludes his survey of the history of stroke by arguing that medieval and
contemporary physicians “face the same conundrums: What, essentially, are the causes of stroke? Which
criteria enable the physician to know the disease’s course? What kind of treatment is best for an individual
patient?”250 These questions point to the inter-relatedness of the ontological, epistemic, ethical, and clinical,
echoing the interdisciplinary approach of this thesis.

Treatability & Time
What, therefore, is the meaning of “acute stroke” in the contemporary historical context? The
contemporary meaning of acute stroke appears to be strongly linked with the perceived efficacy of IV tPA as
its treatment. This efficacy was first suggested in the NINDS trial that was published in 1995, and has been
supported by subsequent investigations. As a consequence, I propose that acute stroke is generally
understood in the contemporary context as a stroke that is treatable with properly administered IV tPA.
That I am proposing a generally accepted meaning of acute stroke in the contemporary context does not
exclude the presence of controversy or debate about its particulars. Indeed, such debate will be the focus of
Chapter 2.
What does it mean to say that the acute stroke is a stroke that is treatable through the proper
administration of tPA? First, an acute stroke is understood as a form of stroke, in that stroke refers to the
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sudden onset of neurological symptoms.251 Second, an acute stroke is treatable, meaning that its symptoms
are potentially reversible. However, the potential for treatment does not require that symptoms are
successfully reversed in all circumstances. Finally, that acute stroke is treatable through the proper
administration of tPA necessitates an understanding of the way that tPA is administered. Specifically, this
clause references what physicians call the inclusion and exclusion criteria, meaning the restraints placed
upon the use of a drug. Inclusion and exclusion criteria are usually developed in the context of a clinical
trial, so as to identify those patients most likely to benefit from the therapy under investigation.252 Indeed,
in the case of tPA, the widely-recognized inclusion and exclusion criteria date from the NINDS trial.
Among these criteria, the most important elements are the timing of the intervention (tPA must be used
within 3 hours of the onset of symptoms to be effective), and the performance of a CT scan to exclude
intracerebral hemorrhage prior to the drug’s administration.253
The proposition that stroke may be reversed through the use of tPA stands in stark contrast to
millennia of therapeutic nihilism surrounding the treatment of stroke and apoplexy. By nihilism, I refer to
the belief that no treatment would be effective to reverse the signs and symptoms of stroke.254 As reviewed
by Karenberg, stroke had been generally understood since antiquity as an untreatable condition.255 In the
17th century, British anatomist and physician Thomas Willis (1621-1675) had stated that apoplexy was
associated with a prognosis that was “fatal and dubious.”256 In 1817, Scottish physician Marshall Hall (17901857) had described how “an attack of apoplexy often proves speedily fatal; frequently life is continued, and
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the patient remains ever after paralytic.”257 British physician John Cooke quoted the Hippocratic corpus
when in 1820 he declared “that it is impossible to cure the strong apoplexy,” and urged doctors to avoid
“unsuccessful attempts” for they “might bring disgrace on themselves and on the profession.”258
Medical texts of the late 19th and early 20th century reiterate a similar message. Harvard University
professor Robert Thaxter Edes (1838-1923) declared in 1886 that “When the apopleptic attack has actually
occurred, treatment, though apparently urgently demanded, is really of little avail. If a patient is about to
die in an hour or two from rapidly increasing pressure, nothing within the reach of medical science can stop
him.”259 He specified that “there is no sufficient reason to suppose that any drug is of any value in the
restoration of the nervous system.”260 Canadian-born physician Sir William Osler (1849-1919), later of
Johns Hopkins and Oxford Universities, echoed his forebears in the seventh edition of his influential
textbook: “The treatment of softening from thrombosis or embolism is very unsatisfactory… Very little can
be done for the hemiplegia which remains. The damage is too often irreplaceable and permanent.”261 Osler
made it clear that it is the duty of the physician “to explain to the patient, or to his friends, that the
condition is past relief, that medicines and electricity will do no good, and that there is no possible hope of
cure.”262
Writing in 1944, American-Israeli neurologist Dr. Israel Wechsler (1886-1962) provided a more
developed, albeit equally pessimistic, approach to treatment:
The treatment of cerebral vascular accidents may be divided into prophylaxis, the
management of the acute insult, and the subsequent attempt to hasten recovery from the
hemiplegia. It is doubtful whether in the present state of our knowledge we can really
prevent hemorrhage or thrombosis. The cause of cerebral arteriosclerosis is unknown,
syphilitic thrombosis often occurs despite vigorous treatment, essential hypertension is still
an obscure problem, infectious thrombosis is beyond our power to prevent, and embolism
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in vegetative endocarditis is not easily stopped. Much is said in favor of the iodides in the
treatment of arteriosclerosis, but I doubt if they have any value at all.263
Wechsler does not use the term stroke, but rather references the notion of “cerebral vascular accident,” a
term still in use in the 21st century. The idea of “accident” captures the way that stroke seemingly occurs
without warning, while “cerebral vascular” references its locus of causation, meaning the blood vessels of
the brain. Wechsler divides the pathology of cerebral vascular accidents into hemorrhage and thrombosis,
which were clinically indistinguishable until the advent of the CT scanner in the 1970s. Wechsler suggests
that while the treatment of stroke may theoretically include three distinct stages — prophylaxis
(prevention), acute management, and recovery (rehabilitation) — he is equally nihilistic about all three.
Against this tradition of nihilism, American neurosurgeons Bernard Sussman and Thomas Fitch
were the first to elaborate and test a concept of treatability for stroke in their 1958 article “Thrombolysis
with Fibrinolysin in Cerebral Arterial Occlusion.”264 Sussman and Fitch report the results of their first
attempts to use fibrinolysin, a clot-dissolving drug, to treat three patients with profound weakness
presumed to be due to ischemic stroke. They describe how, in one patient, an occlusion of the middle
cerebral artery seen on angiography disappeared after the intravenous administration of fibrinolysin. They
consider this finding suggestive of fibrinolysin’s “specific usefulness in treatment” for stroke.265 Sussman and
Fitch postulate that the success of any treatment in stroke will depend upon a “critical period” just after the
onset of symptoms, during which time the stroke may be reversible.266 In their study, patients had received
treatment with fibrinolysin between 6 hours to 6 days after the onset of their symptoms. None of the
patients experienced significant improvement. However, Sussman and Fitch’s work introduced the concept
that would come to define the acute stroke, namely that of treatability in relation to time.
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Acuity & the Acute Stroke
The complex history of the term stroke has already been presented. But when and how was the
term “acute” first used in relation to stroke, and what did it mean? A survey of seminal texts in the history
of neurology suggests that the term “acute” has had a temporal implication since it first appeared in relation
to stroke in 1893. Initially, “acute” was used as a synonym for sudden, referring to the manner in which the
symptoms of stroke or apoplexy began. However, by the mid-20th century, usages of the term “acute”
appear to be synonymous with “recent,” rather than with “sudden,” emphasizing the duration of symptoms
rather than the manner of their presentation. I will argue then, that the combination of the term “acute”
with “stroke” in 1960 established the notion of acuity as a marker of duration of symptoms, and as an
indication of treatability.
The earliest identified use of “acute” in reference to stroke comes in the 1893 textbook of
neurology by British neurologist William Gowers (1845-1915). Gowers describes “acute softening” of the
brain, softening being the pathological term that was applied to cerebral infarction in his era. The word
“acute” appears only once in Gowers’ text, and receives no specific definition.267 In a 1925 textbook,
American neurologist Charles Dana (1852-1935) also uses the term “acute softening,” apparently in
reference to suddenness of the onset of clinical symptoms: “Acute softening is a condition caused by
plugging of a blood vessel with an embolus or thrombus, and is characterized by a comparatively sudden
(embolism) or gradual (thrombus) apopletic seizure, the symptoms eventually running a course much like
that of cerebral hemorrhage.”268 That the adjective “acute” is used to denote a “sudden” pathophysiological
process is supported by Dana’s later phrasing in discussing the symptoms of intracerebral hemorrhage: “A
preceding period of feeling unusually well precedes some acute and fatal hemorrhage.”269 In 1944, Wechsler
speaks of an “acute apoplectic stroke or ictus” to refer to a sudden attack that makes the patient “rapidly
267
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comatose or even dropping to the ground as if struck on the head.”270 Within the stroke literature of the
mid to late 20th century “acute” is occasionally used to refer to the suddenness of onset of symptoms,271,272
though is more commonly used in opposition to “chronic”273 as a reflection of the duration of symptoms.
According to MEDLINE, the online database of the National Library of Medicine,274 the first use of
the combined term “acute stroke” was in a short article entitled “Cerebral Angiography in the Diagnosis of
the Acute Stroke” by British neurologists J.W.D. Bull, John Marshall and D.A. Shaw that appeared in The
Lancet in March, 1960.275 The article reports the results of a trial of cerebral angiography (imaging the
brain’s arteries using dye injected through wires inserted into the chest, neck and brain) as a diagnostic aid
in the management of patients “within seventy-two hours of the onset of an acute stroke.” The novelty of
the term “acute stroke” is suggested by the authors’ perceived need to define it, particularly in relation to
time. For Bull and colleagues, the “acute stroke” referred to the first 72 hours after the onset of symptoms.
It was on this basis that “specific methods of treating patients with acute strokes” might be developed.276
Usage of the term “acute stroke” to refer to the duration of symptoms became more common in the
1960s and 1970s.277 In 1969 an American group led by Dr. John Gilroy (1925-2008) of Wayne State
University published the first clinical trial for “acute stroke,” using the sugar-like molecule Dextran.278 In
another clinical trial, conducted and reported by British geriatrician A.K. Admani in 1978, “acute” is used
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interchangeably with “recent” rather than with “sudden.”279 For example, Admani speaks of acute stroke but
entitles his article “New Approach to Treatment of Recent Stroke.”280 In other articles of this period,
“acute” is contrasted with the “chronic” or “convalescent” phases of disease, rather with the “gradual” or
“progressive” onset of symptoms.281,282
Despite growing research interest in the fundamental mechanisms of stroke and in potential
treatments, no therapeutic successes had occurred by the late 1980s. While the concepts of treatability and
time were intertwined, the specifics of both elements had yet to be established. In 1987, neurologist
Michael Sloan (1954-2011), then of the University of Maryland, echoed the comments of Sussman and Fitch
from 1958 in calling for a trial of a thrombolytic drug administered quickly after stroke. Sloan wrote, “the
time is, therefore, ripe for a trial of thrombolytic therapy with tissue-type plasminogen activator
administered intra-arterially or intravenously in cases of early ischemic cerebral infarction.”283 For Sloan,
the way forward would be to administer a thrombolytic, or clot-busting agent, like tissue plasminogen
activator. Moreover, this agent would have to be administered early enough in the wake of the stroke to be
effective. In 1992, American neurologists Tom Brott and Steven Levine differentiated between the notion
of “acute stroke” and “truly acute (“hyperacute”) treatment,”284 suggesting that while “acute” was often used
to refer to the first 12-24 hours after a stroke,285 the “critical period” for treatment would likely be
significantly shorter. Brott and Levine call for a “sense of temporal urgency” in order to achieve success in
treatment.286 Referring to the traditional nihilism surrounding stroke treatment, American neurologist
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Bruce Mackay further elaborated on the relationship between treatability and time in a 1992 article: “This
sense of futility will clearly be perpetuated if treatment continues to be given at times in which there is very
little potential for clinical benefit.”287 For Mackay, therefore, an end to the “therapeutic nihilism”288 that had
surrounded stroke for millennia would come from identifying the time frame during which treatment could
be administered effectively.

Acute Stroke & the NINDS Trial
In the section above, I have proposed that experiments in the 1950s and 1960s suggested that the
success of treatment for stroke would depend upon the rapidity of its initiation. Moreover, I have argued
that the term “acute stroke” came to refer to a stroke very early on in its course, when the potential for
treatment might exist. I will now argue that the “acute stroke” came to mean a stroke that could be
successfully treated through the proper use of the drug tPA, whose efficacy was first suggested in the 1995
NINDS trial. In 1988, researchers in California had begun experimenting with the thrombolytic drug tissue
plasminogen activator, and their “preliminary experience with 19 patients” informed the design of a “twostage prospective study” that became known as the NINDS trial.289 In the NINDS trial, the concepts of
treatability and time were strongly related, for it was the first trial to suggest that “acute stroke” was indeed
treatable, but only within 3 hours of the onset of symptoms. Several other trials, which had attempted
treatment at 4.5, 6 and 8 hours after the onset of symptoms, had failed to show a beneficial effect to
patients.290
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In December 1995, the NINDS trial was published in the New England Journal of Medicine under the
title “Tissue Plasminogen Activator for Acute Ischemic Stroke.”291 The article, authored by a multinational
collaboration of physicians, begins by quoting statistics regarding the incidence of stroke and its impact on
population health. However, no specific definition of stroke or “acute stroke” is offered. Then, in a few
sentences set out in the article’s introductory paragraph, the theory and methodology of the trial are
explained.
Cerebral angiography conducted soon after the onset of stroke demonstrates arterial
occlusions in 80 percent of acute infarctions. Thrombolytic canalization of occluded arteries
may reduce the degree of injury to the brain if it is done before the process of infarction has
been completed. Since intracerebral hemorrhage was a frequent major complication
reported in early trials of thrombolytic therapy, the use of recombinant human tissue
plasminogen activator (t-PA) for cerebral arterial thrombolysis requires a careful evaluation
of both the risks and the potential benefits. The safety of intravenous t-PA for the treatment
of acute cerebral ischemia was previously tested in two open-label, dose-escalation studies,
which emphasized very early treatment — within 90 and 180 minutes of the onset of the
stroke — to reduce the risk of hemorrhage and to maximize the potential for recovery.
These studies suggested that doses of less than 0.95 mg of t-PA per kilogram of body weight
were relatively safe and resulted in early neurologic improvement in a substantial proportion
of patients. These results were enough to justify further investigation in the form of a larger,
randomized, placebo-controlled trial.292
The argument offered by the NINDS Study Group can be reconstructed as follows: an occlusion in a major
artery in the brain can be identified in most patients with stroke; opening these occlusions may reduce the
degree of injury sustained by the brain; the use of a thrombolytic may achieve this goal, albeit with a risk of
hemorrhage; the risk of hemorrhage decreases, and the chance of recanalization increases, the earlier the
drug is administered; preliminary evidence from smaller studies provided the rationale for a large,
randomized, clinical trial. In these few sentences, the authors of the article enumerate key concepts in the
idea of the acute stroke: the notion of ischemic vascular disease arising from arterial occlusion, the
importance of time in determining the success of potential reperfusion, the development of tPA as a specific
agent potentially able to reopen occluded vessels leading to beneficial reperfusion, and the issue of balancing
291
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the risk of hemorrhage in the face of thrombolytic activity. These are the foundations of the modern
meaning of the “acute stroke.”
The authors then describe the structure of their trial, in which patients were randomized to receive
either tPA or placebo within 3 hours of the onset of their symptoms.293 Every patient had to have a CT scan
of the brain to exclude intracerebral hemorrhage as a cause of their symptoms. When followed out to 90
days (3 months), the authors found “a benefit of intravenous tPA therapy for patients with ischemic stroke
when treatment was initiated within three hours of the onset of symptoms. As compared with patients
given placebo, patients treated with IV tPA were at least 30 percent more likely to have minimal or no
disability at three months.”294 The authors conclude, in the final sentence of their article, that “an
improvement in clinical outcome at three months was found in patients treated with intravenous tPA within
three hours of the onset of acute ischemic stroke.”295 For the first time in the history of stroke, a treatment
could be said to be effective in reversing its signs and symptoms, albeit if administered under particular
conditions. Specifically, the authors were clear that tPA is effective “within three hours of the onset of acute
ischemic stroke.” With this concluding phrase, the contemporary meaning of the “acute stroke” was
introduced.
The NINDS trial became representative of the new concept of the acute stroke, a stroke that could
be effectively treated within 3 hours of onset with the drug tPA. For example, in the September 1996
edition of Academic Emergency Medicine, experts from the neurological and emergency medicine communities
wrote how “until recently, no clinically effective treatment for acute ischemic stroke has been available,”
implying very clearly that this scenario had changed. The authors declare that “intravenous tPA improves 3-
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month neurologic outcome in patient with acute ischemic stroke.”296 The first line of a 2007 text entitled
The Stroke Book states unequivocally that “acute stroke management begins the moment the emergency
response system is activated.”297 The importance of time and treatment are thereby preserved, and
reinforced with the popular phrase: “Time is brain. Every minute matters in patients with acute stroke.”298
In a 2012 review of the literature, neurologists Roger Kelley and Sheryl Martin-Schild declare that “It is
now increasingly recognized that acute ischemic stroke is an emergent issue that is potentially amenable to
interventions that may have a significant effect on outcome.”299
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Figure 3. Uses of the term “acute stroke” in the MEDLINE Database, by decade.

The argument for the importance of the NINDS trial to the modern conception of the acute stroke
is supported by a brief bibliometric analysis of the uses of the term “acute stroke” in the biomedical
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literature between 1940 and 2013. According to a search of MEDLINE, the online catalogue of the National
Library of Medicine, the term “acute stroke” has been used 9237 times in the medical literature. As
described, the earliest known reference came in J.W.D. Bull’s 1960 article. “Acute stroke” was then used 7
times of the course of the next decade. Fifty-five instances arose in the 1970s, 305 in the 1980s, and 1404 in
the 1990s. In the first decade of the 21st century, the term was used 4494 times. While this rapid increase
may in some part reflect the proliferation of medical research and archived publications, the suggestion of a
particular causal relation in its usage persists. Within the decade 1990-1999, there were 376 usages prior to
1995 (the year the NINDS study was published), and 1028 afterwards. Looking back to the start of
MEDLINE with 1995 as the inflection point, there were 743 usages of “acute stroke” prior to 1995, and
there have been 8494 usages since. This clear distinction suggests the importance of the year 1995, and the
NINDS trial, to usage of the term “acute stroke.” Moreover, I suggest that it reflects the establishment of
the meaning of “acute stroke,” in reference to the results of the NINDS trial.
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Figure 4. Uses of the term “acute stroke” in the MEDLINE database, pre- and post-1995.

In light of the results of the NINDS trial, “acute stroke” was carved off from stroke, and arguably
became a disease of its own. Given that diseases reflect ways of understanding patterns of illness manifested
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by patients, diseases can be redefined in relation to each other. In her 2005 book Lovers and Livers, Queen’s
University historian of medicine Dr. Jacalyn Duffin explores the example of hepatitis to illustrate how
diseases may be defined by novel clinical features, novel treatments, or a novel prognosis.300 In the case of
acute stroke, all three apply. An acute stroke is diagnosed if the symptoms are those of stroke, if the patient
arrives in hospital within 3 hours of the onset of symptoms, and if the CT scan excludes hemorrhage. The
treatment, if all conditions are met, is tPA. And as a consequence of tPA, the prognosis for a patient has the
potential to be much brighter than it might have been otherwise.
With this conceptualization of the acute stroke came a new linguistic style with which to describe
it. In the 1994 edition of House Officer Series: Neurology, a handbook for neurological trainees by American
neurologists Howard Weiner and Lawrence Levitt, discussion of the treatment of stroke is limited to issues
of prevention, without mention of the possibility of reversing symptoms.301 By the next edition, published
in 1999, the tone had changed dramatically. Whereas in 1994 the chapter on stroke begins with the
assertion “Stroke is one of the most common neurologic problems,”302 the chapter in 1999 begins with the
statement that “Therapy of stroke is evolving with the introduction of newer medications and interventions”
and the authors emphasize the need for “urgent assessment.”303 In fact, the authors provide an introductory
clinical case, written in a particularly staccato style that has become characteristic of the stroke literature
since 1995.
A 67-year old diabetic man with longstanding hypertension and a pack/day smoking habit
presents to the emergency room 45 minutes after suddenly dropping his fork from his right
hand at lunch. His wife noticed he was using the wrong words and had trouble understanding
her, and he had to be assisted to the ambulance because of right leg weakness. In the
emergency room, he shows signs of a global aphasia, right hemiparesis affecting the arm and
face more than the leg, and moderate hypertension. A computed tomography (CT) scan
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shows no evidence of hemorrhage or cerebral edema. He is considered for thrombolytic
therapy.304
This narrative structure is reproduced in many other acute stroke case reports, most prominently in the
“Clinico-pathological Conferences of the Massachusetts General Hospital,” which are regularly featured in
the New England Journal of Medicine. In 2004, the case of a 57 year old man is reported in a similarly staccato
form, with each event precisely timed: “He was last seen well by his mother-in-law at 2 pm; at 2:15 pm,
she noted that he was drooling, had slurred speech, and could not swallow pills… He was brought to the
hospital by ambulance at 4:30 pm.”305 In the discussion of the case, neurologist Lee Schwamm of Harvard
University comments that “A patient, such as this one, with suspected acute ischemic stroke, must be
evaluated immediately in order to assess his or her eligibility for thrombolytic therapy.”306 Statements like
this suggest how the diagnosis of acute ischemic stroke is dependent upon his potential eligibility for
treatment with tPA.
Interestingly, similar narrative structures appeared in the cardiac literature approximately 10 years
earlier, following the clinical trials that showed that tPA could be effective in the treatment of myocardial
infarction (heart attack). In the modern conceptualization of the myocardial infarction, an artery carrying
blood to the heart muscle becomes blocked, and can be reopened through the use of a thrombolytic agent
like tPA, if administered quickly enough.307 For example, a 1987 review of the development of tPA for
heart disease describes a typical case reminiscent of the stroke narratives:
“A 58 year old man developed substernal chest pain, nausea, diaphoresis and shortness of breath at
11:00 am on April 9, 1986. At 11:40 am, he was admitted to the hospital, where he continued to
have chest pain. An ECG revealed 1.5 mm ST segment elevation in V1 and V2. The diagnosis of an
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acute anterior myocardial infarction was made, and intravenous tissue plasminogen activator (tPA)
was administered 30 minutes later.”308
As in stroke, time serves as an important determinant of efficacy in the treatment of myocardial infarction.
This is reflected in the familiar use of quick, short sentences, relating events in a tight chronology.
Moreover, the use of the word “acute,” in combination with “anterior myocardial infarction,” suggests that a
similar process of conceptualization may have occurred in the cardiac community with regards to Acute
Myocardial Infarction (AMI). Up until the 1990s, a “chicken and egg” debate existed within cardiology: was
the dead heart muscle that was found in myocardial infarction was the cause or the consequence of blocked
coronary arteries? In his history of cardiac therapeutics, David Jones relates how the successful use of
thrombolytics in the 1980s was an important factor in convincing the cardiac community that the primary
problem was indeed the arterial blockage, and that muscle death was a consequence of the blockage.309
While Jones argues that thrombolysis contributed to the conceptualization of a known disease (myocardial
infarction), he does not suggest that acute myocardial infarction became a distinct disease, and it goes beyond
the scope of this thesis for me to propose such a conclusion.
However, the role of therapy in understanding, and even potentially defining, disease, can be
further explored in relation to myocardial infarction. The case report cited above is followed by a
historically-minded commentary that touches upon the way treatment changes over time:
“Ten years ago, the therapeutic approach to this patient would have been bed rest and IV
morphine as required for chest pain. The availability of recombinant tPA has allowed a
more aggressive approach to the treatment of myocardial infarction. Instead of merely
treating the symptoms of myocardial ischemia, therapy has now been designed to interrupt
the pathologic process directly, causing acute coronary insufficiency by lysing the coronary
arterial thrombus.”310
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As in stroke, the availability of tPA for the treatment of myocardial infarction allowed for a shift in focus
towards intervening in the putative disease process. This drastically changed the management of myocardial
infarction, and led to the development of “acute myocardial infarction” response teams in hospitals around
the world.311 On the basis of the availability of acute intervention for myocardial infarction, the notion of a
“heart attack” was popularized. The concept of “heart attack” was later appropriated by the stroke
community in advertising stroke as a “brain attack” requiring immediate evaluation and treatment.312 The
imagery of the “brain attack” recalls the etymological origins of apoplexy: being struck down suddenly.
However, the sense of urgency that the stroke community sought to communicate to the general public was
not predicated on the severity of stroke, but on the potential treatment that could now be offered.
Though multiple avenues of investigation support the association between acute stroke and its
treatability, I have not found any definitional statement to that effect in the medical literature. Perhaps the
absence of essentialist statements reflects a recognition of the fact that acute stroke is a disease that was born
and popularized within the clinical lifetimes of most practicing physicians. They may have come to think of
it as an epistemic concept rather than as a natural kind. Alternatively, they may continue to see acute stroke
as a disease that was simply “discovered” in light of scientific advancements. Regardless, recognition that
acute stroke did not pop into existence one day appears to be reflected in the medical literature. For
example, neurologists Kelley and Martin-Schild explain how “demonstration of efficacy in thrombolytic
therapy was not an overnight event,” recalling the experimental process that led to the NINDS trial, and the
persistent controversies that surround it. This comment recalls the work of Ludwik Fleck, who argued that
the modern concept of syphilis did not arise overnight, but reflected the intertwining of several lines of
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thought over many years.313 I will now seek to untangle those intertwining lines of thought in relation to the
meaning of the acute stroke.

Preconditions of the Acute Stroke
I have argued that, in the contemporary context, the term “acute stroke” is understood as a disease
that is potentially treatable through the administration of intravenous tPA. While “acute stroke”
appropriated its meaning in relation to the success of the NINDS trial in 1995, this association reflects the
confluence of a set of earlier concepts and conditions which made the NINDS result (and its general
interpretation) possible. I now propose that the conceptualization of “acute stroke” in reference to tPA was
possible due to a set of six interwoven preconditions: the elaboration of the vascular supply of the brain; the
localization of pathology to specific organs within the body; the pathological differentiation of ischemia from
hemorrhage; the dissemination of CT scanners; the development of thrombolytic agents; and the
elaboration of the concept of the penumbra in cerebral ischemia. Each of these preconditions will be
considered, roughly in chronological order.
These preconditions should not be considered independent phenomena, in that they interact and
overlap with each other; hence my appropriation of the imagery of “interweaving” or “intertwining” from
Fleck.314 In Genesis and Development of a Scientific Fact, Fleck writes of “the four lines of thought intertwining
to form the modern aspect of syphilis.”315 As Fleck elaborates so eloquently in the case of syphilis, an idea
exists only in relation to a long and complicated history of ideas that came before. For Fleck, “concepts are
not spontaneously created but are determined by their “ancestors.”316 He relates the modern conception of
syphilis to a particular chemical test called the Wassermann reaction, but he argues that the idea of syphilis
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“cannot be proved with an isolated experiment.” Rather, it arises out of past experience, successful and
unsuccessful experiments, “and — epistemologically most important — from several adaptations and
transformations of concepts.”317 The historical elaboration of a set of stroke-specific adapted and transformed
concepts is the subject of this section.
Sociologist of medicine and practicing anesthesiologist Michael Nurok of Harvard University offers
a complementary view of the way medical concepts acquire their meaning. In his article “Elements of the
Medical Emergency’s Epistemological Alignment: 18th-20th century perspectives,” Nurok explores how the
modern conception of the “medical emergency” arose in light of medical developments and historical
events.318 Specifically, he argues that the concept of the “medical emergency” as understood in the 20th
century could not have developed “until a series of related concepts had been elucidated, and its
epistemology became aligned.”319 By “epistemological alignment,” he means that semantic networks (ie.
meanings) become linked to particular terminologies (ie. words) only when historical conditions render this
association possible.320 In essence, Nurok argues that the acquisition of meaning by a particular term —
such as “acute stroke” — is a historically-determined and historically-contingent epistemological process.321
Nurok begins from a Kuhnian perspective to argue that epistemological alignment led to the development
of the contemporary meanings of terms such as accident, sudden death, and resuscitation.322 The ways in
which the modern concept of acute stroke arose from a similar process will now be explored.
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Vascular Anatomy
The first precondition of the acute stroke is the conceptualization of the brain’s vascular anatomy,
meaning the idea and mechanism by which blood arrives at the brain. The earliest known studies of the
brain’s vascular anatomy were performed by Erasistratus of Cos (330-255 BC) and Herophilus of Chalcedon
(330-260 BC), who were the first to recognize that arteries and veins were associated with each of the
body’s organs.323 Physician and scholar Galen of Pergamon (129-216 AD) was the dominant influence on
medicine’s understanding of the brain’s vascular anatomy until the early modern period. In Galen’s
physiological system, veins supplied the brain with blood and nutrients, while the arteries yielded blood and
the vital spirit.324 According to Galen, the passage of blood through the rete mirabile, a network of arteries
located at the base of the skull, converted the vital spirit into animal spirit, which was essential to the
transmission of movement and sensation throughout the body. Galen’s concept of the rete was questioned
by Italian physician Giacomo Berengario da Carpi (1460-1530), and was famously challenged by Belgian
anatomist Andreas Vesalius (1514-1564) in his influential atlas De Humanis Corporis Fabrica of 1543.325 The
rete did not exist in humans, but could be found in other mammals, from whom Galen’s anatomical
conclusions had been drawn. Galen’s vascular physiology was further challenged by the English anatomist
William Harvey (1578-1657), who demonstrated that blood flowed from the heart through arteries and to
the heart through veins.326 However, Harvey did not reject all Galenic conceptions, for in his famous
anatomical lectures of 1616, Harvey cited Galen in declaring that the brain “is cold, for it is bloodless.”327
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The significance of this conclusion should not be lost: no vascular anatomy can be described when the brain
is felt to be without blood.
English anatomist and physician Thomas Willis built upon earlier work by Gabriel Fallopius (15231562), Giulio Casserius (1545-1605), Johann Vesling (1595-1649) and Johannes Jakob Wepfer (16201695), to famously describe the brain’s basic blood supply: the two carotid arteries in the front of the neck
and the two vertebral arteries in the back.328 Moreover, he described the ways in which these four arteries
shared supply to the brain through a circle at its base, which is now referred to as the “Circle of Willis.”329
Willis documented the extensive intercommunications (what we term collateralization) between the brain’s
arteries. He found that dye injected into one artery would spread “into every corner and secret place of the
brain and cerebel.”330 Willis drew clinical significance from this collateralization when he dissected the brain
of a patient who was found to have had an asymptomatic occlusion of the internal carotid artery.331 To
Willis, collateralization allowed the brain to retain its blood supply despite the loss of flow in any one
artery. He suggested that this collateralization protected against the clinical entity of apoplexy. He did not
elaborate further on this association, but we can interpret that to Willis there existed a causal link between
arterial obstruction and the development of the symptoms of apoplexy.332
The importance of vascular anatomy to neurological disease was a topic of extensive research in the
19th century. The influential French neurologist and pathologist Jean-Martin Charcot (1825-1893)
remarked that “the vascular system (arteries, veins, capillaries) governs the situation,” by which he meant
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that vascular supply was central to understanding many diseases of the brain.333 In his lectures, Charcot
provided detailed accounts of the divisions and connections of the intracranial arteries.334 He appropriated
concepts that had been elaborated by contemporaries including Henri Duret (1849-1921) and Otto
Heubner (1843-1926). Writing at the turn of the century, Sir William Osler recognized the importance of
the cerebral circulation to neurological disease when he wrote that “There is much that is still indefinite in
the physiology of the circulation of the brain, but that which is known is of the greatest practical moment to
the physicians.”335 He suggested that the specific “intercommunication” between branches of the arteries was
subject to considerable variation “which may be of extreme importance in pathological conditions.”336
The commentaries of Charcot and Osler suggest that the vascular supply of the brain was
understood to be important, but that the fullest extent of that relevance had not yet been elaborated in their
times. The concept that blood flowed to the brain — in consistent and reproducible ways — would prove
central to the ability of physicians to interpret clinical and radiographic features of patients with acute
stroke. Additionally, the notion that arterial supplies overlap to produce protective redundancies would
prove central to the later concept of the penumbra. The description of thrombi — blood clots — within
the arteries of the brain, and the subsequent development of “softenings” or infarction allowed for the
association of clinical syndromes with regions of damage, and in turn with the obstruction of specific
vessels. This clinico-anatomico-pathological correlation remains at the core of the neurologist’s process of
decision-making in acute stroke management. In this way, notions of the brain’s vascular anatomy, the
localizability of pathology, and the theory of the penumbra are interwoven in the development of the
concept of the acute stroke.
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Localizability of Pathology
The dominant concept of disease from Hellenic to early modern times was the humoural theory
that viewed disease as a product of an imbalance in the four humors of the body: blood, phlegm, yellow bile
and black bile.337 The humoral approach understood disease as a process affecting the whole body and not
specific organs. Beginning in the 17th century, and not fully actualized until the 19th century, a rival
conceptualization placed individual diseases within the confines of specific organs, and further specifically
within tissue types within organs. This “anatomical concept” is frequently associated with the work of Italian
pathologist Giovanni Battista Morgagni (1682-1771), whose seminal work De Sedibus et causis morborum per
anatomem indagatis was published in 1761 and first translated into English in 1779.338 In De Sedibus, Morgagni
paired case histories with autopsy reports, establishing a narrative and causal link between a patient’s
symptoms in life and post-mortem pathological findings. French historian of medicine Georges Canguilhem
(1904-1995) wrote that Morgagni’s “creation of a system of pathological anatomy made it possible to link
the lesions of certain organs to groups of stable symptoms, such that nosographical classification found a
substratum in anatomical analysis.”339	
  
The notion that pathology could be localized within the body, particularly at autopsy, can itself be
understood as reflecting the interweaving of a set of ideas. Specifically, the clinico-anatomical concept as
exemplified by the work of Morgagni reflects the confluence of three notions that were largely novel in the
18th century: that diseases would have visible correlates within the body, that exploring the body would
speak towards the causation of symptoms and death, and that it was only upon opening of the body that
these processes would be appreciable.340 For example, and importantly for this thesis, opening the body
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allowed for the recognition that what was called apoplexy in life might be associated with a variety of
pathological findings. Most prominently among these were brain ischemia and brain hemorrhage.341 The
differentiation of these entities would prove essential in the development of the concept of the acute stroke.

Ischemia and Hemorrhage
What caused apoplexy? Writing in 1820, British physician John Cooke listed “blood, serum, pus,
hydatids, tumours of different kinds, organic lesions, polypous concretions, ossification, and exostoses” as
the chief “morbid appearances” of apoplexy, referring to the various pathologies that might be identified at
autopsy in a patient who had died of apoplexy.342 Cooke’s statement expands upon a notion, famously
proposed by Johannes Jakob Wepfer in his treatise on apoplexy of 1658, that distinct pathological entities
described after death (especially brain hemorrhage and occlusive disease of the vessels), could result in the
same clinical presentation during life (specifically, apoplexy).343 Wepfer had argued that multiple disease
processes might cause the symptoms of apoplexy: clot obstructing the carotid or vertebral arteries;
compression of these arteries in the neck due to enlarged glands or some other local swelling; intracerebral
bleeding from a ruptured blood vessel; obstruction of the origins of the nerves where they arose due to
exudate or compression from excessive blood; or an abnormal deposition of blood.344
Wepfer’s work implies three important conclusions: that clinical entities and pathological entities
could be understood as distinct processes; that the pathological entity was the cause of the clinical entity;
and that, at least in the case of apoplexy, it might not be possible to differentiate among the causative
pathological entities on clinical grounds alone. For this final reason, French physician and encyclopedist
Gabriel Andral (1797-1876) abandoned the term apoplexy in his influential 1838 textbook, replacing it
341
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with discussions of “hemorrhage of the cerebral hemispheres” and “softenings of the cerebral hemispheres.”
He wrote of paralysis as “the most characteristic symptom of cerebral hemorrhage,”345 and shared how the
differentiation of hemorrhage from softening on purely clinical grounds was “often impossible.”346 In 1868,
French neurologist Armand Trousseau (1801-1867) explained to his students that hemorrhage and apoplexy
should not be considered synonymous: “apoplexy is a generic term which must be specified, because
apoplectiform phenomena are often connected with pathological conditions very different from
hemorrhage… on the other hand, cerebral hemorrhage is not necessarily accompanied by symptoms of
apoplexy.”347
The recognition that apoplexy might be associated with either hemorrhagic or ischemic pathology
in the brain set the stage for the pathological description of these two entities. As early as the 16th century, it
had been known that blood was commonly found in the brains of patients with apoplexy.348 However, the
pathological description of ischemia and hemorrhage became increasingly sophisticated from the 18th to the
early 20th centuries. The notion that bleeding in the brain was produced by rupture of blood vessels was
discussed by Wepfer and Morgagni and was widely accepted by the mid-19th century.349 The specific regions
of the brain most likely to experience hemorrhage — for example the thalamus and basal ganglia — were
largely identified through case studies by Andral and his contemporary Maxime Durand-Fardel (18151899).350
Pathological understanding of ischemia also progressed from the 17th to the 19th centuries. The
notion that the obstruction of cerebral vessels could lead to clinical disease was perhaps first suggested in
the writings of the French physician François Bayle (1622-1709) who in 1677 associated the development of
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arteriosclerosis (hardening of the arteries) with the clinical syndrome of apoplexy.351 In De Cerebri Anatome of
1664, Willis had expressed surprise that a patient with an internal carotid artery occlusion had not
developed symptoms from it, suggesting that the association between arterial occlusion and clinical
symptoms was relatively well-established at this time.352 In De Sedibus, Morgagni described how obstructed
cerebral arteries caused areas of “softening.”353 In the mid-19th century, French pathologist Léon Rostan
(1790-1866) popularized the notion of “spontaneous cerebral softening” as a specific pathological entity
arising from arterial occlusion.354
Working in Charcot’s laboratory at La Salpêtrière, Henri Duret elaborated a classification system
differentiating softening from hemorrhage, and mapped the areas of softening attributable to occlusions of
the brain’s major arteries.355 Working at the same time, the German Otto Heubner arrived at very similar
results, allowing for the eventual differentiation of finer and finer vascular-anatomical regions.356 However,
the notion that vessel occlusion could lead to focal softening remained controversial until the influential
German pathologist Rudolf Virchow (1821-1902) described the process of thromboembolism in 1856.357
Virchow originated the term “ischemia” to describe the ill effects of “arteriosclerosis” on the brain. By the
1860s, occlusion was understood to cause softening, and occlusion could be due to thrombosis (a local
process) or embolism (occlusion due to a travelling clot originating elsewhere in the body).358 In 1893,
American physician William Pepper (1843-1898) declared that “the region involved in softening depends
upon the artery which is plugged and the location of the obstructing body.”359 The pathological study of
ischemia became sufficiently reliable that symptoms in life could be correlated with regions of infarction,
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and hence with the locations of arterial occlusions. Hence the differentiation of ischemia from hemorrhage
interweaves with the clinico-anatomical method as preconditions to the contemporary notion of the acute
stroke. However, the ability to differentiate hemorrhage from ischemia in the midst of the clinical
assessment remained impossible until the dissemination of the CT scan in the late 20th century.

CT Scans
Efforts to use thrombolytics to reverse the symptoms of stroke in the 1950s and 1960s were
severely hampered by clinicians’ inability to differentiate between hemorrhagic and ischemic processes on
clinical grounds. For example, early experiments with angiography and thrombolytics in acute stroke —
such as those reported by Sussman and Fitch, and Bull and colleagues — likely included patients with
intracerebral hemorrhage, for whom the administration of a thrombolytic would have been quickly fatal.360
The standard of care in that era was to use a combination of factors — blood pressure, lumbar puncture,
and x-ray images of the skull — as a means of excluding intracerebral hemorrhage, though this protocol
was insufficiently accurate to rule out many cases of hemorrhage, and was recognized to be problematic.361
Bull’s 1960 study, in which the term “acute stroke,” first appeared, intended to investigate the value of
angiography as a potential means of differentiating ischemia from hemorrhage in medias res.362 With the
dissemination of the CT scan in the 1970s and 1980s, physicians gained a new means of quickly
distinguishing ischemia from hemorrhage, which allowed for the selection of stroke patients for enrollment
into the clinical trials of the late 1980s and 1990s.
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The first commercially-viable CT scanner was developed at EMI Central Research Laboratories in
Great Britain by Geoffrey Hounsfield in the early 1970s.363 The prototype was tested at the Atkinson
Morley Hospital in London in 1971. Britain’s National Health Service ordered the first CT scanners for
hospitals in London, Manchester and Glasgow. The first CT scanners to be installed in the United States
were at the Mayo Clinic in Rochester, Minnesota, and the Massachusetts General Hospital in Boston, both
in 1973.364 By 1976, 17 different companies were producing CT scanners for sale. In May 1977, there were
401 operational scanners in the United States and 21 in Great Britain. The rate of adoption of these
machines rose exponentially from 1973 to 1977. Approximately 80% of CT scans performed in those years
were of the head.365
The earliest CT scans were only able to identify large abnormalities such as large tumours and
hemorrhages, but the technology advanced rapidly.366 Within a few years, scanners could identify “cerebral
lesions as small as 1 cm3.”367 By the early 1980s, CT scanners were able to demonstrate changes in the
appearance of the brain in patients with stroke “between 24 and 48 hours” after the onset of symptoms,
sometimes even “within 8 hours.”368 CT scanners identified hemorrhage in approximately 25% of patients
deemed to have had ischemic stroke on clinical grounds.369 CT scans could also identify non-ischemic
processes with high accuracy, such as “subdural hematoma and metastatic and primary brain tumor or
abscess, which may at times present as a typical acute stroke syndrome. Cerebral angiography is no longer
required to exclude these possible surgical lesions in those patients in whom the diagnosis of stroke is in
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doubt.”370Early estimates suggested that CT scan results changed treatment plans in approximately 15% of
patients.371
Prior to the availability of CT scanners, the clinician’s ability to differentiate ischemia from
hemorrhage had not significantly evolved since the mid-19th century. For example, in 1912, Manchesterbased neurologist Judson Bury (1852-1944) had declared that “the cerebral symptoms caused by arterial
obstruction closely resemble those of hemorrhage and without an appeal to other circumstances it is
generally impossible to determine the nature of the lesion.”372 The CT scanner was immediately considered
to have “revolutionized the diagnosis of stroke.”373 The use of CT scans to permit the diagnosis of stroke in
vivo has been termed a novel “clinical gaze,” a reference to Foucault’s work in Birth of the Clinic.374 For the
first time, physicians could see into the substance of the brain without having to cut through the skull. Like
the development of the stethoscope by René Laennec (1781-1826) in the early 19th century, the CT scanner
allowed physicians of the mid 20th century to “see with a better eye.”375 The use of the CT scanner therefore
redefined diseases such as stroke and hemorrhage, paving the way for the definition of “acute stroke” in the
1990s.
Prior to the CT scan, patients were diagnosed with ischemic stroke (in contrast to hemorrhage or
other possible diseases) on the basis of the physician’s interpretation of a set of clinical variables, of which
the patient’s history and physical examination findings were most important. A physician’s clinical diagnosis
was considered accurate, as no alternative was available short of autopsy. However, with the advent of the
CT scanner, the definition of ischemic stroke changed: it became defined in reference to its radiological
features. If the attending neurologist diagnosed a certain patient with ischemic stroke rather than
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hemorrhage, but the CT scan showed hemorrhage, it was the CT scan’s result that was privileged. The
scanner over-ruled the clinician. The CT scan was felt to have more direct access to pathological truth than
the clinician. Stroke and hemorrhage therefore ceased to be diseases that could be diagnosed with certainty
on the basis of clinical assessment alone; radiographic assessment was considered definitive.

Figure 5. CT Scan of the brain, anonymized patient, Toronto 2010. This image demonstrates a right
thalamic intracerebral hemorrhage. The hemorrhage is the rounded white area just to the left of
midline.

Reflecting this redefinition of stroke in radiological terms, Levine and Brott critizised stroke trials
from the pre-CT era as not having investigated “true” stroke.376 To them, “true stroke” could only be
determined on the basis of the CT scan. Successful treatment with thrombolytics would depend upon the
ability to identify “true stroke.” The idea that the treatment of stroke would depend upon the ability to
differentiate ischemia from hemorrhage in the live patient had been considered as early as 1912, when
Judson Bury had recommended that “where it is impossible to determine whether thrombosis or
hemorrhage is present it is well to avoid active medication.”377 In the CT era, active medication no longer
376
377
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needed to be avoided, as the differentiation of ischemia from hemorrhage became a part of everyday clinical
practice.

Thrombolysis
In this chapter, the contemporary meaning of the acute stroke has been related to its treatment
with tPA. However, this association is predicated on the existence of the thrombolytic drug tissue
plasminogen activator. The development of the process of acute stroke thrombolysis, I propose, consisted
of three parts: the development of the idea of thrombolysis, the synthesis of a suitable compound, and the
testing of this compound in preliminary clinical trials. Efforts to produce and test agents that might dissolve
arterial clots eventually led to the development of tissue plasminogen activator, which was found to be
successful in the treatment of patients with stroke in the NINDS trial. I will now expand on this history, as
it serves as an important precondition of the contemporary meaning of the acute stroke.
The idea of chemical thrombolysis — of dissolving blood clots through the administration of a drug
— arose in light of several developments in the 1940s and 1950s: the increased use of angiography, and
particularly cerebral angiography, to visualize vessels and their occlusions; and increasingly sophisticated
understandings of the basic mechanisms by which thrombosis (blood clotting) occurs.378 Tissue plasminogen
activator, or tPA, was first identified in 1947 when a naturally-occurring compound was isolated that
showed a particular ability to convert plasminogen to plasmin, activating the body’s clot-busting cascade.379
Initially called fibrinokinase, it was renamed tissue plasminogen activator, reflecting its mechanism of
action. The enzyme tPA was found to have minimal activity in the absence of fibrin, a blood enzyme that is
only generated when active clotting is occurring. It therefore had an advantage over other pharmaceutically
available thrombolytics like streptokinase and urokinase, in that it would have more specific activity at the
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site of the troublesome clot, and fewer blood thinning effects throughout the body.380 In 1979, tPA was
purified from human uterine tissue, and from melanoma cells in 1980.381 Based on these discoveries, its
gene was cloned to allow for mass production.382
Starting in the 1950s, several different thrombolytic agents were developed and trialed, including
trypsin, fibrinolysin (aka. plasmin), thrombolysin, streptokinase, urokinase and tissue plasminogen
activator.383 The first report on the clinical efficacy of fibrinolysin appeared in 1957, when it was tested in
27 patients with venous and arterial thrombi in various locations. In their 1958 trial, Sussman and Fitch had
also tested fibrinolysin for cerebral arterial occlusion.384 Streptokinase and urokinase were investigated in
many cardiac trials in the 1960s and 1970s, as well as in stroke trials.385 In the 1980s, trials of streptokinase
in myocardial infarction, administered very soon after the onset of symptoms, resulted in the first signs of
efficacy. In stroke trials, urokinase and streptokinase were associated with significant rates of fatal
hemorrhage.386
The ability of tPA to dissolve arterial occlusions in animals was first demonstrated in 1980.387 Two
patients with renal vein thrombosis after kidney transplantation received tPA in the Netherlands in 1981,
with observed dissolution of the occlusions. The first study in which tPA was administered to patients with
acute myocardial infarction was initiated in 1983. The drug was shown to have opened occluded vessels in 6
of 7 patients within 60 minutes of administration.388 A randomized, blinded, multicentre clinical trial was
initiated in 1984, with 50 patients enrolled in the United States. Recanalization of the previously occluded
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artery was demonstrated in 75% of these patients.389 International clinical trials in the treatment of
myocardial infarction established the efficacy of tPA in the treatment of coronary artery occlusion in the late
1980s and early 1990s.390
Experimentation with tPA in acute stroke began in 1990. The first trial, conducted in Japan, found
no overall difference between those patients who received tPA and those who received urokinase.391
However, non-controlled studies (meaning studies in which tPA was administered without a comparator
arm) reported that as many as 50% of patients improved within 2 hours of its use.392 Under the guidance of
neurosurgeon Dr. Michael Walker, the stroke section of the National Institutes of Neurological Disease and
Stroke (NINDS) began funding research into agents that might reverse the signs and symptoms of stroke.393
The NINDS, known as the National Institutes of Neurological Disease and Blindness until 1968, not only
conducted and funded large scale research, but established many of the conventions of clinical trial research
in stroke and other disciplines.394 The NINDS rtPA Study Group performed two dose-escalation trials of
tPA in the late 1980s and early 1990s, the first including patients up to 8 hours after symptom onset, the
second within only 3 hours.395 A Japanese trial testing different doses of the drug administered up to 6 hours
after symptom onset found that as many as 50% of patients experienced recanalization, and those patients
who had received tPA did far better than those who had not.396 On the basis of these experiments, the
NINDS rtPA Study Group designed of the NINDS trial with a dose of 0.9 mg/kg of tPA to be administered
to patients under 3 hours of symptom onset.
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Penumbra
The final precondition to the contemporary meaning of the acute stroke this set is the physiological
concept of the penumbra. The penumbra refers to the concept that, even after arterial occlusion, some brain
tissue that stops functioning remains capable of returning to normal with the restoration of blood flow. The
idea of the penumbra requires conceiving that the effects of ischemic stroke are not immediately
permanent. According to the theory of the penumbra, dead (irreversibly damaged) brain can be
differentiated from potentially dead (reversibly damaged) brain. To borrow a phrase from Michael Nurok,
the theory of the penumbra states that the brain can be resuscitated.397 Writing in 1992, Scottish neurologist
Donald Grosset argued that “Two basic principles dominate recent work in the field of drug treatment for
acute ischaemic stroke: the concept of the ischaemic penumbra, and the recognition that early treatment is
essential for maximal benefit.”398 It will be shown how these two concepts — the penumbra and early
treatment — are not distinct entities but represent two sides of the same coin. The theory of the penumbra
explains why the efficacy of treatment with tPA should be time-dependent, and why the acute stroke must
therefore be defined in relation to time from the onset of symptoms.
As early as 1958, Sussman and Fitch had advocated for the rapid treatment of ischemic stroke;399 in
1961, they proposed that the viability of ischemic brain be considered a function of time.400 In the setting of
decreased blood flow due to an occluded artery, a region of the brain might become electrically silent (ie.
stop functioning, thereby producing clinical deficits) while remaining structurally intact (and therefore
capable of being restored to function). This concept became known as the penumbra. The penumbra was
defined in contrast to the core, a region of irreversibly damaged tissue that grows the longer an artery
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remains occluded.401 The term penumbra is appropriated from the Latin, in which it refers to the area
adjacent to a shadow. The penumbra, similarly, is imagined as an area of the brain that remains alive in the
setting of arterial occlusion, but is adjacent to an area that has already died. These dead areas are referred to
as the core of an infarction.
For centuries, it had been assumed that the brain could only tolerate being deprived of blood flow
for a few minutes.402	
  The physiologic suggestion that the brain might demonstrate a certain degree of
resistance — that brain deprived of blood may be restored to function with the reinstatement of flow —
came from animal experiments conducted in the 1970s and 1980s.403 Experiments on monkeys, baboons,
and rats suggested that neuronal tissue might demonstrate two thresholds with regards to dysfunction in the
face of impaired blood flow: a higher threshold across which neuronal activity ceased, and a lower threshold
across which the cell’s metabolism failed, leading to death.404 Tissue experiencing blood flow between these
two thresholds was considered to be part of the penumbra.405 The area of penumbral brain was initially
imagined as a ring around an irreversibly-damaged core, though later experiments suggested that this
approximation might be overly simple and that the distinction between penumbra and core might reflect
more a patchwork pattern.406
As the theory goes, regions of brain that could be qualified as penumbra become core the longer the
occlusion persists. The penumbra is therefore not a static region of brain tissue: it is dynamic, with
penumbra converting to core as time passes.407 Experiments in monkeys in the 1950s had suggested that an
arterial occlusion could be maintained up to 50 minutes with minimal consequence, but any occlusion
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longer than 60 minutes led to the same catastrophic result in terms of irreversible brain cell death.408 In
dogs and cats, occlusion of the middle cerebral artery for up to 2-3 hours would not necessarily result in
significant infarction or neurologic deficits. Later experiments suggested a similar effect, on a similar
timescale, in larger primates.409 These experiments led to the conclusion that a penumbral region of
salvageable brain tissue may persist up to three hours after arterial occlusion.410
The physiologic substrate for the existence of the penumbra is understood to be the presence of
collateralization within the brain. In 1664, Thomas Willis had concluded that one brain region may receive
blood from multiple potential pathways, and that this arrangement might be a protective factor against
vascular occlusion.411 For example, he commented that dye injected from one location flowed “into every
corner and secret place of the brain and cerebel.”412 The detailed elaboration of the brain’s arterial tree,
achieved by researchers in the 19th century, further supported the concept that the brain’s vasculature was
collateralized, in that neighbouring vessels could provide blood flow to overlapping regions, providing a
certain degree of redundancy. The fact that a region of the brain might receive some — if not its usual
amount — of blood flow through collateral channels was thought to support its potential for survival.
Accordingly, Sussman and Fitch proposed that “collateral circulation can compensate to some degree” for
arterial occlusion.413 In cases of ischemic stroke, they suggested that it might be failure of this collateral
supply, rather than the arterial occlusion itself, that accounted for irreversible brain damage.414
However, the existence of the penumbra could not be directly verified in humans. To do so would
have required inducing arterial occlusion in a controlled setting, and restoring flow at various points in time
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thereafter. However, evidence that arterial occlusion might not produce irreversible cerebral dysfunction
was suggested by clinical experiences. In 1973, experiments on patients undergoing carotid endarterectomy
(surgery to reopen narrowed or blocked arteries in the neck) demonstrated sudden and reversible changes
in electrical activity after test occlusion of the artery.415 As part of the same experiment, it was shown that
these changes in electrical activity only occurred when blood flow fell below a certain threshold (23
mL/100g/min), and that these changes was more pronounced when blood flow fell even lower.
Restoration of blood flow was associated with the return of normal electrical activity in these patients.
However, occlusion of the carotid artery occurred for no longer than 2 minutes in these experiments,
providing no proof of a durable penumbra.
The importance of the theory of the penumbra to the modern meaning of the acute stroke cannot
be understated. The existence of a brief “therapeutic window” after arterial occlusion, suggested by the
concept of the penumbra, was used as justification for the selection of the 3 hour limit in the NINDS trial.416
And it was that 3 hour window which, arguably, served as the basis for the success of tPA in that trial.
Stroke neurologist Patrick Lyden, now of the University of California Los Angeles, has argued that a
clinician who contemplates the use of thrombolysis in acute stroke is “acknowledging de facto the existence
of a penumbra that cannot be measured or documented.”417 He contends that “successful thrombolytic trials
support the notion that some portion of ischemic brain remains salvageable for hours after symptom
onset.”418 In essence, the clinical efficacy of thrombolysis is taken as proof of the existence of the penumbra,
while the penumbra is justification for the use of thrombolysis. The interweaving of these two lines of
thought led to the modern meaning of the acute stroke.
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Conclusions
If the decision-making process of physicians in the treatment of patients with acute stroke is to be
understood, then some attempt at specifying the meaning of the term “acute stroke” appears highly
relevant. In this chapter, I have sought to uncover the contemporary meaning of the “acute stroke” by
approaching it from a historical perspective. Specifically, I have built my argument upon a foundation of
scholarship derived from Fleck, Kuhn and Rosenberg to argue that diseases should be studied as ideas,
constructed in relation to a historical, social and epistemic context.419,420,421 Therefore, I have sought to
elaborate the historical origins and contemporary meaning of the acute stroke in relation to a broader
intellectual history in medicine, with a focus on developments in the latter half of the 20th century.
I have proposed that the acute stroke is understood, in the contemporary context, as a stroke that is
treatable through the use of the thrombolytic drug tPA. The notion that a form of stroke, in this case the
acute stroke, is potentially reversible through the administration of a specific pharmacologic agent
represents a significant departure from thousands of years of medical dogma, in which the predominant
attitude had been one of nihilism towards stroke and its historically-related concept of apoplexy.422 The
earliest known usages of the term “acute stroke” around the year 1960 suggested that treatment might be
possible if an appropriate agent could be found, and if it could be administered quickly enough.423,424 These
conditions were met for the first time in the NINDS trial, published in 1995, which established that the
administration of tPA to patients with acute stroke under 3 hours from the onset of their symptoms could
result in improved outcomes.425
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However, this result did not arise in isolation. Rather, it reflects a process in which “several lines of
collective thought” converged in the NINDS trial.426,427 Specifically, I have argued that six preconditions,
interwoven over the course of four centuries, allowed for the term “acute stroke” to acquire its current
meaning. As such, the modern meaning of the acute stroke can be understood only in relation to its place in
the history of these ideas. In his study of syphilis, Ludwik Fleck provides a similar argument that the
definition of syphilis in relation to the Wassermann immunological reaction occurred during a unique
historical process. Fleck’s characterization of the relation between the Wassermann reaction and syphilis
can be understood as reflective of my conception of the relationship of acute stroke to its treatability with
tPA. Fleck writes,
From this point of view the relation between the Wassermann reaction and syphilis — an undoubted
fact — becomes an event in the history of thought. This fact cannot be proved with an isolated
experiment but only with broadly based experience; that is, by a special thought style built up
from earlier knowledge, from many successful and unsuccessful experiments, from much
practice and training, and — epistemically most important — from several adaptations and
transformation of concepts.428
After Fleck, the significance of the NINDS trial is not sufficient to establish the meaning of the acute stroke,
but rather it is in light of a history of experiments and experience that the epistemic existence of the acute
stroke is established. I have argued that this history reflects a set of six preconditions: the description of the
brain’s vascular anatomy, the development of the notion of the localizability of pathology within the body
and within the brain, the differentiation of ischemia from hemorrhage, the dissemination of the CT scanner,
the development of thrombolytic drugs like tPA, and the physiological theory of the penumbra. I will
return to Fleck’s passage in the next chapter, when the epistemic evaluation and justification of acute
stroke’s treatability will be explored as part of the decision-making process.
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Three immediate implications arise from the conception of the acute stroke as an idea, constructed
in a particular place and time, and in light of a history of thought. First, it suggests that other diseases might
similarly be considered to be constructs, contingent on a historical and social context. Fleck’s example of
syphilis is now well known, but less well known is the history of coronary artery disease explored by David
Jones in his recent monograph Broken Hearts. Jones characterizes how, for several decades in the mid 20th
century, two rival conceptions of the phenomenon of myocardial infarction existed.429 Recognition of the
social construction of diseases increases the importance of historical and social analysis in understanding
physician decision-making.
Second, if diseases are social constructs, then those constructions are contingent, and not
inevitable.430 The way that contemporary medicine conceives of diseases is not the only way that they have
been conceived or could be conceived. As Fleck writes, medical science is “open-ended.”431 Therefore,
modern medicine too has the potential ability to change its constructions of diseases. Arguably, a moral
imperative exists to reframe our concepts of diseases in light of new knowledge and experiences. How and
when should this happen? Following Kuhn, an alternative construction for a given disease may be preferred
if it allows for better predictions, better problem-solving, and better outcomes for patients.432
Third, it is important to recognize that, because diseases are constructed in relation to a particular
history of thought, not every physician practicing in the same historical moment may understand a disease in
the same way. Fleck proposes the notion of a thought collective — a group of individuals sharing a particular
set of historical ideas and practices, which he terms the thought style.433 A thought style arises from a
particular intellectual history. Individuals who do not appreciate that history — who are unaware of it or
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who contest it — cannot participate in that thought style.434 Those physicians who, in 2014, conceive of
acute stroke as a stroke that is treatable with tPA, are members of a thought collective sharing a thought
style. However, not all members of the medical community may necessarily be members of that thought
collective. Variations in thought style may exist. Similarly, variations in how a disease is understood may
exist, and with these variations different decisions about treatment may follow. For example, if a physician
were to contest the notion that an acute stroke is a stroke that is treatable with tPA, then he or she would
be unlikely to use tPA as a treatment for stroke. This scenario — conceived as a question of epistemic
evaluation and justification — will be explored in Chapter 2.
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Chapter 2:
Epistemic Evaluation in Acute Stroke Decision-Making
Concepts are not spontaneously created but are determined by their “ancestors.” That
which has occurred in the past is a greater cause of insecurity — rather, it only becomes a
cause of insecurity —when our ties with it remain unconscious and unknown.
– Ludwik Fleck, Genesis and Development of a Scientific Fact (orig. 1935)

Introduction
This thesis is an enquiry into the decision-making process of physicians, with a focus on the
decisions that surround treating patients with acute stroke. In this chapter, I will begin to address the
question of how physicians make treatment decisions about the use of tPA for acute stroke, approaching the
question from an epistemic perspective. Most generally, in what way does epistemic reasoning feature in
acute stroke decision-making? In this chapter, I propose that a process of epistemic evaluation features
prominently in acute stroke decision-making. Whereas the predominant modern theory of medical
epistemology — what is called evidence-based medicine — holds that decision-making simply requires
physicians to apply medical knowledge, I contend that physician decision-making requires evaluating and
interpreting that knowledge in relation to individual cases. Specifically, I point to the presence of significant
debate about the treatment of patients with acute stroke as a demonstration of the process of epistemic
evaluation. Finally, I contend that variations in physicians’ epistemic evaluations reflect the influence of a
body of historical knowledge. In the case of acute stroke, the preconditions outlined in Chapter 1 — those
interwoven lines of thought that allowed for the modern conception of the acute stroke to be established —
represent a core component of that body of knowledge, and hence play a significant role in physicians’
epistemic evaluation in acute stroke decision-making.
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This characterization of epistemic reasoning in acute stroke decision-making challenges the
dominant theory of contemporary medical epistemology, which is called evidence-based medicine.435
Evidence-based medicine (EBM) is defined by its founder, Canadian physician David Sackett, as “the
conscientious, explicit, and judicious use of current best evidence in making decisions about the care of
individual patients.”436 Sackett’s definition of EBM suggests a normative claim: that physicians should use
“best evidence” in their treatment decisions. This claim is based upon the assumption that there can be such
a thing as “best evidence.” Given that EBM provides specific criteria for what “best evidence” should mean,
determining that which is “best evidence” should therefore be relatively straightforward.437 If this were
indeed the case, then there should be relative agreement about whether tPA use in acute stroke is
epistemically justified on the basis of “best evidence.” We would expect the use of tPA to be relatively
standardized. However, significant controversy persists about the epistemic justification of tPA use.438,439
Moreover, significant variabilities exist with regards to physicians’ real-world usage of tPA, as measured
from doctor to doctor, hospital to hospital, and country to country.440
I contend that the normative and descriptive claims of evidence-based medicine are insufficient to
capture the epistemic component of acute stroke decision-making. First, the epistemic content of acute
stroke decision-making will be unpacked to develop a set of five clinical propositions, by which I mean
statements about the nature of the acute stroke that directly impact upon treatment decisions. These five
propositions suggest the complexity of the knowledge necessary to inform acute stroke decision-making.
Second, these propositions will be shown to be subject to epistemic evaluation — to evaluations about their
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epistemic validity — that occur in light of historical knowledge. In this way, physicians’ epistemic
evaluations in the setting of acute stroke decision-making reflect the historical preconditions of the concept
of the acute stroke. Third, this process of epistemic evaluation will be shown to result in variable results,
meaning that not all physicians agree about the validity of these clinical propositions. I will support these
arguments by analyzing recent debates within the stroke literature, as well as by presenting data from
surveys of physicians involved in stroke care.441,442 In order to inform this discussion of epistemic evaluation
in acute stroke decision-making, I will first review some working definitions of the relevant epistemic
terms, namely propositions, beliefs and knowledge.

Propositions, Beliefs & Knowledge
In this chapter, I will argue that the contemporary meaning of acute stroke that was developed in
Chapter 1 can lead to the elaboration of a set of propositions whose evaluation impacts treatment decisions
about the use of tPA. I have chosen to use the term propositions (rather than claims, beliefs, assumptions or
facts) to refer in a non-judgmental way to a set of concepts that appear to be relevant to acute stroke
decision-making. As discussed in the philosophical literature, propositions are shareable objects of belief or
doubt.443 Propositions are shareable because they can be expressed in a manner that is communicable from
the person who possesses them, to another person who does not. Propositions are bearers of truth or falsity
in that they express meaning, but they are not guaranteed or required to be true in and of themselves.
Propositions are distinct from concrete events or facts, which presumably cannot be false. Propositions,
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therefore, can be believed and shared, but are not necessarily believed by all, nor are they necessarily
true.444
In contrast, a belief is generally understood as an attitude that we have whenever we take something
to be true.445 Specifically, belief is often referred to as a “propositional attitude,” in that it is the mental state
about a particular proposition in which that proposition is felt to be true. As philosopher Eric Schwitzgebel
writes, “Forming beliefs is thus one of the most basic and important features of the mind, and the concept of
belief plays a crucial role in both philosophy of mind and epistemology.”446 However, the fact that
something is believed does not guarantee that it is true. Moreover, that something is believed does not
require that it is being or has been actively reflected upon; most of what is believed is not subject to routine
scrutiny.447 The justification for any given belief may reflect any number of its qualities: for example, its
source (ie. a figure of authority), the methodology of its derivation (ie. randomized controlled trials), or its
agreement with previously accepted knowledge.448 An assumption is a proposition that has been taken for
granted to be true, often on the basis of having been handed down or built into a belief system.
Within contemporary philosophy, knowledge is commonly defined as justified true belief.449 For a
proposition to be considered knowledge, it must be true, someone must believe that it is true, and that
belief must be justified. Each of these clauses is subject to some degree of controversy, and a thorough
analysis of the nature of knowledge extends beyond the scope of this thesis. Directly relevant to my
argumentation is the work of philosophers, sociologists and anthropologists who have elaborated how
different societies may designate different propositions to be true, and how different methods may be
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employed to determine which propositions are considered knowledge.450 A proposition may qualify as
knowledge in one community or historical context, whereas it may not do so in another. Similarly, one
individual within a community may consider a proposition to be knowledge, whereas another may not.
Scientific knowledge, or knowledge acquired by doing science, is a type of knowledge. Modern
scholarship has elaborated the ways in which scientific knowledge has four qualities relevant to the
argument of this chapter: scientific knowledge is dependent upon theory, it is historical, it is uncertain, and
it is social.451 For example, Fleck points to the theory-dependence of scientific knowledge when he calls the
prospect of scientific observation without underlying theory “non-sense.”452 Thomas Kuhn’s influential
concept of the paradigm represents a particular way that scientific knowledge is acquired on the basis of a
set of shared theories, methodologies, and interests.453 Sociologist of science Barry Barnes has argued that
scientific knowledge is necessarily theoretical knowledge, in that “there is no independent language of
observation and no set of theory-independent observational statements.”454
Moreover, scientific knowledge has a historical dimension. Fleck proposes that a scientific fact
cannot be separated from its history, which includes earlier knowledge and experiences.455 For Barnes, a
body of knowledge exists as a tradition, with new propositions interpreted in light of past knowledge.456
The importance of past knowledge in the interpretation of new hypotheses was developed by American
philosopher Nelson Goodman (1906-1998) in his seminal book Fact, Fiction and Forecast, first published in
1954.457 For Goodman, questions of confirmation or projectibility require using “the record of past
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predictions actually made and their outcomes.”458 We approach problems — like the evaluation of new
hypotheses — “not empty-headed but with some stock of knowledge, or of accepted statements, that may
fairly be used in reaching a solution.”459 Because different scientists may bring different “stocks of
knowledge” to the evaluation of a given hypothesis, different assessments of the validity of that hypothesis
may result.460
A historical perspective on scientific knowledge suggests how many beliefs that were considered
justified in the past — for example, that the sun revolves around the earth, or that pneumonia should be
treated with bloodletting — were subsequently modified or rejected. Similarly, many contemporary
beliefs, despite being considered justified in the here and now, may subsequently be modified or rejected in
the future. This realization is consistent with the widely held contemporary notion of the fallibility of
scientific knowledge: that any of our beliefs about the external world may turn out to be false.461 For Fleck,
the scientific process “is continuous. It has no demonstrable beginning and is open-ended. Knowledge exists
in the collective and is continually being revised.”462 The notion of fallibilism is strongly associated with the
writings of C.S. Peirce (1839-1914) and Karl Popper (1902-1994), though it is often traced to the writings
of English philosopher John Stuart Mill (1806-1873). In On Liberty (1859), Mill argues that “there is no such
thing as absolute certainty,” and he proposed that “the steady habit of correcting and completing [one’s]
own opinion by collating it with those of others… is the only stable foundation for a just reliance on it.”463
Peirce considered truth out of the reach of any individual, but imagined that the opinions of the “community
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of philosophers” might arrive at truth.464 Popper famously proposed that a hypothesis cannot be proven but
only falsified, and imagined efforts at falsification occurring within a community of scientists.465
The notion that scientific knowledge has a social dimension is also suggested in the philosophical
writings of Mill, Peirce, and Popper, and elaborated in the historical scholarship of Kuhn and Fleck. Mill
argued for the importance of collating one’s opinions with those of others, as a means of ensuring the
validity of one’s ideas. For Peirce and Popper, it was within a “community” that intellectual progress might
occur.466 For Kuhn, intellectual “schools” arise through the sharing of some “implicit body of intertwined
theoretical and methodological belief.”467 Most generally, it can be concluded that knowledge has a relevant
social dimension, as supported by a wide range of scholarship.
Fleck uses the example of syphilis to explore the way that facts arise as the product of a thought
style (Denkstile) shared by a thought collective (Denkkollektiv). For Fleck, a thought collective is a
“community of persons mutually exchanging ideas or maintaining intellectual interaction.”468 A thought
collective serves as a carrier for a thought style. A thought style, simply put, is a particular way of looking at
the world. Fleck defines a thought style as “the special carrier for the historical development of any field of
thought, as well as for the given stock of knowledge and level of culture.”469 As explained by Thaddeus
Trenn (1937-2013), Fleck’s thought style “functions by constraining, inhibiting, and determining the way of
thinking.”470 Initiation into a thought collective means taking on its thought style, which would allow a
novice “to see what has hitherto been invisible to him.”471 For Fleck, thought styles are mutually
464
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incompatible, as are Kuhn’s paradigms. Indeed, Kuhn was aware of Fleck’s work and cited it in The Structure
of Scientific Revolutions.472
In that medical knowledge is a form of scientific knowledge, it should share these features: it is
likely to be theory-dependent, historically-determined, uncertain, and social. Certainly, a long tradition of
scholarship has demonstrated the ways in which medical knowledge is constructed in relation to theory and
history.473,474 For example, the famous essay On the Falling Sickness by historian of medicine Owsei Temkin
elaborated on the variable perceptions of epilepsy in light of religious, political and moral theories.475
Moreover, the centrality of uncertainty in medicine has developed as a recurring theme in recent decades,
with important contributions from historians, philosophers, anthropologists and sociologists.476,477,478 For
example, Dutch anthropologist Annemarie Mol argues that the most pressing challenge for modern medical
practice is to address “how to live with doubt.”479 University of Toronto physician and philosopher Ross
Upshur has advocated for fallibilism as an overarching theory of medical knowledge.480 He has argued that
medical knowledge is necessarily provisional, defeasible, and incomplete. The ethical implications of
fallibilism have been elaborated in an attempt to inform recent debates over clinical trial enrollment.481
The challenge of managing uncertainty in medical practice is a central theme of Kathryn
Montgomery’s How Doctors Think: Clinical Judgment and the Practice of Medicine (2006).482 Montgomery,
emeritus professor of medical humanities at Northwestern University, makes a central ontological claim
472
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about medicine: that it is a practice, rather than a science. The central skill of medical doctors, she argues,
is clinical judgment, an interpretive capacity required to apply general rules to individual cases, in light of
pervasive uncertainty and contingency.483 Montgomery’s description of clinical judgment informs this
thesis’ study of decision-making, though her discussion of how doctors specifically evaluate their knowledge
is limited. She points out that physicians tend to think of medicine as a science in the positivistic sense,
“science as the explanation of how things work, how they really are.”484 From this ontologic belief flows
medicine’s general view of its own knowledge: as definitively true, in all places and all times.485 I will now
elaborate on medicine’s view of its own epistemology, with special attention to the modern theory of
evidence-based medicine.

Epistemic Evaluation & Evidence-Based Medicine
Over the last twenty years, medical epistemology has become dominated by a theory known as
evidence-based medicine (EBM).486 The concept of evidence-based medicine was first proposed by the
Canadian physician and epidemiologist David Sackett in 1991.487 Sackett has repeatedly defined EBM in
relation to the use of “best evidence” in decision-making.488 Evidence-based medicine makes specific claims
about what should be considered “best evidence,” and provides an epistemic hierarchy that privileges
knowledge produced by randomized clinical trials. Specifically, evidence-based medicine holds that
knowledge acquired from randomized controlled trials is to be privileged over all other forms of
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knowledge, including knowledge derived from laboratory experiments, individual experience, case studies,
and medical history.489
Sackett has related the origins of EBM to his experiences as a medical trainee, when early studies in
clinical epidemiology inspired him to question medical dogma and openly challenge the “pontification” of
authority figures.490 He has frequently traced the historical roots of evidence-based medicine “to mid-19th
century Paris and earlier,” referencing the numerical approaches to health and illness that were introduced
in Parisian hospitals at that time. Historians of EBM consistently cite key figures from the turn of the 19th
century as the intellectual forebears of their movement.491,492,493 However, the historical account provided
by EBM misses much of the subtlety and controversy that accompanied the development of the quantitative
methods it values. For example, French physician and statistician Pierre Charles Louis (1787-1872) is
celebrated as a hero of evidence-based medicine for having conducted chart reviews that challenged the
practice of bloodletting as a treatment for pneumonia.494 However, advocates of EBM would disapprove of
his methodology were it to be used today, and they would reject many of his conclusions, for example that
purging (meaning forced vomiting and diarrhea) is an effective treatment for typhoid fever.495
These historical inconsistencies reflect the complicated relationship that evidence-based medicine
has with medical knowledge. Arguably, EBM continues to struggle with a set of tensions surrounding the
acquisition and use of medical knowledge that have been present since well before “mid-19th century

489

Howick, Philosophy, 5.
David L. Sackett, “A 1955 Clinical Trial Report that Changed my Career,” Journal of the Royal Society of Medicine 103 (2010):
254-255.
491
Kenneth W. Goodman, Ethics and Evidence-Based Medicine: Fallibility and Responsibility in Clinical Science (Cambridge: CUP,
2002), 6.
492
Gerry Greenstone, “The Roots of Evidence-Based Medicine,” BC Medical Journal 51(2009): 342-344.
493
James Harrison, Kunal Kulkarni, Mohamed Baguneid, Bernard Prendergast, Oxford Handbook of Key Clinical Evidence (Oxford:
Oxford University Press, 2009), 2.
494
Reiser, Reign of Technology, 32.
495
Terence D. Murphy, “Medical Knowledge and Statistical Methods in Early Nineteenth Century France,” Medical History 25
(1981): 301-319.
490

106
Paris.”496 For example, in the Hellenistic period (third to first centuries BC), the practice of medicine was
explicitly defined by debate over the appropriate definition of medical knowledge.497 Three prominent
sects, each with its own epistemic position, dominated literate medicine in the Mediterranean world in this
period. The Rationalist sect sought to understand human life and disease in terms of physiological
mechanisms.498 They were interested in the experimental demonstration of anatomical evidence, and in the
development of theories to explain their findings. In contrast, the Empiric sect approached medical practice
based solely on perception; they held that experience took precedence over reasoning or experimentation.
They were interested only in the ability to cure disease and not in determining its cause.499 A third group,
the Methodist sect, applied a consistent method in all medical scenarios. In essence, the Methodists held
that the search for medical knowledge was closed: all diseases could be treated by either the constriction or
relaxation of pores, and hence all that needed to be known was known.500
In the era of EBM, these tensions — between empiricism, rationalism, and authority — persist.
EBM’s privileging of randomized controlled trials is often framed as a rigorous form of empiricism, in that
knowledge should comes exclusively or primarily from direct sensory experience. For example, prominent
EBM advocate Gordon Guyatt of McMaster University has defined evidence as “any empirical observation
about the apparent relation between events.”501 However, the methodology of randomized clinical trials —
which requires enrolling large number of patients and following their aggregate outcomes — means that no
physician actually has direct sensory experience of the results.502 In various eras, empiricism has been
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celebrated in opposition to knowledge from authority, and EBM still makes that claim.503 Yet in the 21st
century clinical trial methodology has become a source of unquestionable authority in its own right, limiting
and biasing the kinds of experiments that are funded and published.504,505,506 For example, Harvard
University neurologist Louis Caplan has sarcastically called evidence-based medicine “a shibboleth, a
sacrosanct icon almost like motherhood.”507
Under EBM, physicians rarely speak of knowledge, or of argumentation, but rather of “the
evidence.” When a clinical question arises, physicians frequently ask: “What is the evidence?”508,509,510 They
expect that asking such a question will lead to the production of a conclusive answer. When physicians
write that there is “evidence of” a particular claim, or “evidence for” a particular intervention, they mean
that these propositions are true because they are supported by evidence that is certain and accurate. In this
sense, “the evidence” is conceived as a singular entity, a complete and definitive body of knowledge that
justifies a particular course of action. In a recent review article, neurologist Alastair Buchan, Dean of the
Medical School at Oxford University, discusses the “exact science of stroke thrombolysis,” taking for granted
that such a thing exists.511

503

Guyatt, Users’ Guide, 8.
David M. Eddy, “Evidence-Based Medicine: A Unified Approach,” Health Affairs 24 (2005):9-17.
505
Ignaas Devisch, Stephen J Murray, “We hold these truths to be self-evident: deconstructing ‘evidence-based’ medical
practice,” Journal of Evaluation in Clinical Practice 15 (2009): 950-954.
506
John Worrall, “What Evidence in Evidence-Based Medicine?” Philosophy of Science 69 (2002): S316-S330.
507
Louis R. Caplan, “Evidence-Based Medicine: Concerns of a Clinical Neurologist,” Journal of Neurology Neurosurgery and
Psychiatry 71 (2001): 569-574.
508
Stella Karantzoulis, Christopher Randolph, “Modern Chronic Traumatic Encephalopathy in Retired Athletes: What is the
Evidence?” Neuropsychological Reviews 4 (2013): 350-360.
509
Janne Marieke Veerbeek, Erwin van Wegen, Roland van Peppen, Philip Jan van der Wees, Erik Hendriks, Marc Rietberg,
Gert Kwakkel, “What Is the Evidence for Physical Therapy Poststroke? A Systematic Review and Meta-Analysis,” PLOS One 9
(2014): 1-33.
510
David C Wraith, Michel Goldman, Paul-Henri Lambert, “Vaccination and Autoimmune Disease: What is the Evidence?” The
Lancet 362(2003): 1659-1666.
511
Joyce S. Balami, Gina Hadley, Brad A. Sutherland, Hasneen Karbalai, Alastair M. Buchan, “The Exact Science of Stroke
Thrombolysis and the Quiet Art of Patient Selection,” Brain 136 (2013): 3528-3553.
504

108
Under EBM, physicians value objectivity as an epistemic virtue,512 and they consider that their
scientific methods are objective due to an independence from the bias of subjective interpretation.513 The
source of this objectivity is felt to arise from modern research methodologies, namely the double blind,
randomized controlled trial.514 It is these trials that are felt to produce the “best evidence” invoked by EBM.
At the most basic level, a clinical trial involves selecting a group of patients to receive one or several
interventions, and then following their outcomes over time. Randomization is a research methodology in
which the assignment of a given patient to a particular treatment is randomly selected by a computer
program, in that neither the physician nor the patient’s preference impacts on the selection of the treatment
for that patient.515 Randomization is intended to protect against physicians’ conscious or unconscious
opinions about treatments and patients, both of which might impact how patients are assigned.
Randomization is also intended to balance (and thereby eliminate the influence of) confounding variables,
which are qualities of the patient or of the disease that may impact outcomes independent of the
intervention being tested. Blinding is an additional methodology that prevents patients from knowing the
particular intervention to which they are assigned. In double blinding, both the patient and the physician are
unaware of the treatment assignment.516
The advantages of randomization and blinding are felt to justify the privileging of the results of
randomized controlled trials over knowledge acquired from all other forms of experimentation.517
Randomized trials are explicitly termed the “gold standard,” which in medicine means that they are felt to
reflect the best source of knowledge.518 Specifically, randomized trials are preferred over laboratory
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studies, in that conclusions from physiological or pharmacological experimentation may not translate to
living patients outside of a controlled environment.519 Additionally, clinical trials are preferred over the
results of individual experiences with a particular intervention in a particular patient. Knowledge derived
from personal experiences is termed “anecdotal,” and is felt to be unreliable as an indicator of efficacy, due
to the potential influence of a physician’s bias in interpreting findings, or due to the potential impact of
confounders.520 Detailed case studies were the predominant means of deriving and communicating medical
knowledge until the mid-20th century, though they are now unpublishable in most prominent journals.
Observational studies, in which large groups of patients may be followed with regards to a particular
outcome (e.g. death) in relation to a particular exposure (e.g. graduate school), are also felt to be of lesser
value than randomized controlled trials because of the potential influence of biases such as patient selection
and recall, or again due to the role of confounders.521
The acquisition and evaluation of medical knowledge under EBM is felt to be theory-free, in that
theory reflects a set of beliefs or practices that bias one’s approach to “the evidence.”522 This is reflected in
EBM’s claims about its empirical nature. Physicians frequently conclude that “the evidence speaks for itself,”
and they do not mean this figuratively.523,524,525 Contemporary physicians generally believe that evidence can
and does exist independently of a theoretical framework, and that it is convincing due to this independence
from theory. In a search of MEDLINE, the online database of the National Library of Medicine, references
to “theory” in the last decade are outnumbered by references to “evidence” at a rate of 5:1. Among those
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references to “theory,” the vast majority occur in the context of sociological or psychological theories of
medical phenomena, rather than in the context of physicians considering their own knowledge.526,527
And yet Evidence-Based Medicine is itself a theory of epistemic justification, and has occasionally
been referenced as a “paradigm.”528 EBM is a theory that informs how physicians should interpret and
evaluate evidence, and how they should make clinical decisions.529 Specifically, EBM claims that “the
hierarchy implies a clear course of action for physicians addressing patient problems: they should look for
the highest available evidence from the hierarchy.”530 For example, a physician may reject the claim that
endovascular therapy (a form of treating stroke that involves advancing wires up into the brain) is an
effective treatment, because there is “no evidence.”531 However, she may not recognize that such a rejection
is based upon a process of epistemic evaluation dependent upon a theory of evidence that privileges
randomized controlled trial data. There may indeed be evidence for the proposition that endovascular
therapy is effective, but if it does not come from a randomized controlled trial, it will be devalued or
ignored under modern EBM.
Because “the evidence” is felt to be straightforward, physicians fail to differentiate between
propositions that they believe to be true, and justified knowledge. They fail to recognize that propositions
may be subject to epistemic evaluation on the basis of a particular theoretical approach. As a consequence,
differences of opinion about a particular proposition (for example, that tPA is an effective therapy for
stroke) are considered to arise from differences in the quality of the knowledge possessed by different
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individuals, rather than from theoretical, historical, or social differences that might affect how they
interpret that knowledge. For example, in discussing a case where physicians’ opinions diverge, Guyatt
relates these differences to “piecemeal reporting of research,” suggesting that the source of disagreement is
the incompleteness of some of the physicians’ awareness of “the evidence.”532 He encourages the use of
“systematic reviews” — meaning thorough surveys of the literature — as “a solution to the variable
reporting of research results.”533 In fact, clinicians are urged to “guard against any use of judgement” in
reference to data from clinical trials.534 Differences in practice — what are termed “gaps from knowledge
to practice” — are therefore conceived as issues of the quantity of knowledge possessed by physicians.
Either sufficient evidence does not exist and more clinical trials are needed, or the evidence does exist but
clinicians are unaware of it.535
These are the fundamental epistemic assumptions of “knowledge translation,” a new field of
medical research that seeks to address the fact that “health systems fail to use evidence optimally” by
developing ways of “putting knowledge into action.”536 The Canadian Institutes of Health Research (CIHR)
define knowledge translation as the “synthesis, dissemination, exchange and ethically sound application of
knowledge to improve health, provide more effective health services and products, and strengthen the
health care system.”537 From this definition, we can see how knowledge is understood to be implicitly
straightforward. What counts as knowledge, how that assessment is performed, and why there might be
variations in this process are questions with no bearing on “knowledge translation” as commonly conceived.

532

Guyatt, Users’ Guide, 213.
Ibid., 213.
534
Kienle, “Clinical Judgment,” 621.
535
William Whiteley, Peter Sandercock, Joanna Wardlaw and Richard Lindley, “Uncertainties About Thrombolysis for Stroke
Should Be Addressed With Large-Scale Randomized Trials,” Stroke 37 (2006): 2662.
536
Sharon E. Straus, Jacqueline Tetroe, Ian Graham, “Defining Knowledge Translation,” Canadian Medical Association Journal 181
(2009): 165-168.
537
Canadian Institutes of Health Research, “About Knowledge Translation and Commercialization,” published online at
http://www.cihr-irsc.gc.ca/e/29418.html, accessed March 14, 2014.
533

112
The characterization of evidence-based medicine that I have presented here may appear to be a
straw man, an oversimplification of an otherwise robust and defensible approach to medical
epistemology.538 Certainly, the tenets of EBM have been advocated in different ways since their
introduction in 1991, with varying degrees of subtlety and sophistication.539 However, EBM’s central claims
— that there is such a thing as “best evidence,” that EBM knows what that “best evidence” consists of, and
that this “best evidence” should be followed above all other forms of evidence — have remained consistent
over the last 20 years.540 For example, in an editorial that appeared in the Annals of Neurology in 2012,
prominent neurologists Clay Johnston and Stephen Hauser criticize the neurological examination — those
physical manoeuvres performed at the bedside, such as checking reflexes and sensation — because “little
evidence actually supports its value.”541 Because randomized controlled trials have not been performed to
study the physical examination, Johnston and Hauser assert that “it has little evidence to support it.”542 They
take for granted that clinical trial evidence alone counts as “high quality research,” and that such evidence
will directly inform everyday decision-making. I will now explore how neurologists use, and evaluate,
evidence in the process of acute stroke decision-making.

Acute Stroke & Its Clinical Propositions
In Chapter 1, I argued that contemporary physicians understand the “acute stroke” to be a stroke
that is treatable through the use of tPA. However, characterizing the meaning of the acute stroke is
insufficient to explain how doctors make decisions when faced with patients. For example, the meaning of
acute stroke does not describe how doctors decide whether a particular patient is suffering from a stroke, or
how they decide whether that stroke would be considered “acute.” Most importantly, the meaning of the
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acute stroke cannot speak to the ways in which that meaning is itself justified, or to the degree to which it is
accepted, within the community of physicians who treat patients with stroke.
Therefore, a set of clinical propositions about stroke and its treatment must be developed from the
meaning in order to produce a theory of acute stroke decision-making. I propose that, in the case of acute
stroke decision-making, five clinical propositions can be elaborated: that a clinical entity called the acute
stroke exists; that the acute stroke can be effectively treated with IV tPA; that the acute stroke can be
diagnosed in medias res; that physicians can identify those patients who are candidates for treatment with tPA
in the acute stroke setting; and that physicians can establish prognoses for their acute stroke patients. As
shall be argued in the next section of this chapter, these propositions become the subject of epistemic
evaluation in the context of acute stroke decision-making.
The first proposition is primarily ontologic: that there is something (in this case, a historicallyconstructed clinical entity) that is referenced by the term “acute stroke.” As we have seen, the term “acute
stroke” does not appear to have been used prior to 1960, and its current meaning was established in 1995.
The central feature of the modern “acute stroke” is its potential for reversibility through treatment, which
has been operationalized through the protocols of the NINDS trial. It is not difficult to imagine that a
physician who does not possess this concept of “acute stroke” would treat patients differently than one who
does. If a physician has no concept of acute stroke at all, then she will have no ability to look for it, yet alone
diagnose it or initiate treatment for it. Personally, I was once instructed by a clinical mentor that in order to
diagnose a condition, you must first think of it; in order to think of it, you must have heard of it.543 Note
that the issue being addressed here — whether a physician possesses a concept of “acute stroke” — does not
depend upon whether physicians consider diseases to be natural kinds or social constructs, a distinction
addressed in the previous chapter. Rather, the question is whether the physician can draw upon some
reference to the clinical entity of the acute stroke.
543

Personal communication with a senior neurologist, Mount Sinai Hospital, Toronto, Ontario, January 2006.

114
The second proposition of acute stroke decision-making is that the “acute stroke” is treatable by
using tPA. At first, this proposition may seem redundant, in that we have defined the acute stroke as a
stroke that is potentially reversible through the use of tPA. However, I would contend that a physician may
recognize “acute stroke” as a disease that is potentially treatable — that it is possible for stroke symptoms to
be reversed — while lacking a concept of how to achieve this end, or disputing the results of the NINDS
trial. It is relatively intuitive that a physician who denies that tPA is an effective treatment for acute stroke
would be much less likely to use it. Indeed, emergency physician Jerome Hoffman of UCLA has become a
prominent advocate of the view that tPA is not an effective treatment for acute stroke, and should not be
used for this purpose.544
The third proposition is that “acute stroke” can be accurately diagnosed in time to initiate therapy;
in other words, that the diagnosis of “acute stroke” can be made in medias res, or in the middle of things. As
argued in Chapter 1, the efficacy of tPA as a treatment for acute stroke is understood to depend upon its
initiation within a narrow window of time after the start of symptoms. Therefore, the diagnosis must also
be determinable during that time frame. A thorough analysis of the psychological and epistemological
dimensions of diagnosis goes beyond the scope of this thesis. Briefly put, the diagnosis of acute stroke
resembles that of myocardial infarction545 in that it depends upon a combination of clinical (the patient’s
history and examination) and paraclinical features (radiologic or chemical tests), rather than on the basis of
one feature alone, such as the characteristic appearance of the rash of chickenpox.546 In the case of “acute
stroke,” the diagnosis is achieved through a combination of clinical features along with the results of the CT
scan. The inability to interpret the history and physical examination findings of patients with acute stroke
— to quickly localize those findings in relation to the known vascular anatomy of the brain — would be
544

Hoffman, “Should Physicians Give tPA,” 149.
Guy S. Reeder, Harold L. Kennedy, “Criteria for the Diagnosis of Acute Myocardial Infarction,”
http://www.uptodate.com/contents/criteria-for-the-diagnosis-of-acute-myocardial-infarction, (accessed March 14, 2014).
546
Mary A. Albrecht, “Diagnosis of Varicella Zoster Infection,” http://www.uptodate.com/contents/diagnosis-of-varicellazoster-virus-infection, (accessed March 14, 2014).
545

115
expected to impact physicians’ treatment decisions in stroke. Physicians unable to interpret those clinical
features might not initiate therapy for stroke at all, or might use it more or less indiscriminately.
Prior to the dissemination of CT scanners in the 1970s and 1980s, it was impossible for clinicians to
differentiate ischemic stroke from hemorrhage on the basis of clinical features alone; the diagnosis of
ischemic stroke could only be made with certainty at autopsy, after the patient’s death. At that point,
treatment would be futile. Over the course of the last three decades, increasing sophistication in the
description of acute stroke through CT images has led to the ability not only to exclude hemorrhage, but
also to identify features specific to stroke within a few hours of the onset of symptoms.547 A physician who
did not have access to a CT scanner, or who did not possess sufficient knowledge to interpret its findings
(either to rule out hemorrhage or to identify the features of acute stroke), would be unlikely to initiate
therapy with tPA due to the risk of hemorrhage from the inappropriate use of a thrombolytic drug like tPA.
The fourth proposition relevant to acute stroke decision-making is that physicians can determine,
among patients diagnosed with acute stroke, those who are to be considered candidates for therapy with
tPA. In many respects, this ability reflects knowledge of the NINDS protocol, which established inclusion
and exclusion criteria for enrollment in the trial.548 Many physicians will follow a trial’s inclusion and
exclusion criteria even after its conclusion, inferring that a particular treatment can only be justified in the
exact population of patients who had been enrolled in a given trial. Other physicians interpret such criteria
more loosely, and extend the treatment protocols derived from a trial to populations of patients who may
not have been included in the original study.
In the case of the NINDS trial, inclusion criteria were intended to select patients most likely to
experience benefit from tPA, and exclusion criteria were intended to identify those patients most likely to
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experience hemorrhage, the most concerning complication of tPA use.549 Core elements of these criteria
include: the 3 hour window; the absence of hemorrhage on the CT scan; the absence of obvious signs of
irreversible infarction on the CT scan; and any feature that would predispose the patient to bleeding, such
as abnormalities of clotting, or the concomitant use of other blood thinning medications.550 Clinicians who
lack knowledge of these criteria may be inclined to administer tPA to patients who have a much greater
chance of developing post-tPA hemorrhage. By extension, such experiences may lead physicians to
conclude that tPA is an ineffective, and even dangerous, therapy.
The fifth proposition relevant to acute stroke decision-making is the ability to prognosticate, by
which I mean the ability to develop a concept of the patient’s likely outcome, both in the short-term and in
the long-term. Prognostication in the matter of stroke generally refers to the estimation of the patient’s
likelihood of returning to previous levels of functioning (or very close) in contrast to the likelihood of death
or significant disability. Prognostication has been a central element of medical decision-making for
millennia,551 and physicians have long debated whether it is ethically- and medically-sound to intervene in
cases that are thought to be hopeless.552 A physician who expects a patient’s prognosis to be dismal, whether
therapy is provided or not, will be less likely to intervene, with its expectant costs and risks. However,
prognostication in stroke is notoriously difficult. Despite the development of various prognostic scores to
aid in stroke decision-making, they show only moderate agreement, and their accuracy remains
contested.553 Persistent interest in developing prognostic scores indicates the importance of prognostication
in acute stroke decision-making, and reflects the belief that accurate prognostication would improve
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decision-making. Imaging technologies have also been proposed to aid in acute stroke prognostication,
though they remain controversial and have been inconsistently adopted.554
Considerations of prognostication lead to questions of accuracy and of confidence, which would be
expected to impact acute stroke decision-making. For example, physicians who arrive at overly pessimistic
prognoses will likely be reluctant to use tPA, potentially leading to a “self-fulfilling prophecy.”555 Physicians
who recognize the limitations of their prognostic accuracy may be reluctant to use tPA in acute stroke due
to concerns of worsening outcome or accruing costs. In contrast, a physician who is able to derive a
prognosis with confidence (either of good or bad outcome) will likely be more confident in her use of tPA
and may use it more frequently.
While these five propositions can be individuated from the contemporary understanding of the
acute stroke, they also overlap and interact in meaningful ways. The existence of the acute stroke appears
intimately tied to its treatability, and that treatability is dependent upon the efficacy of tPA. The use of tPA
is dependent upon fulfilling the diagnostic and methodological criteria developed through the NINDS trial,
which identify the features of patients who should be considered eligible for therapy. Therefore questions of
the existence of an “acute stroke” and its treatability overlap, as do questions of diagnosis and patient
selection. The diagnosis of acute stroke depends upon the specification of its features, and on the ability of
physicians to accurately identify those features (through history-taking, examination, and CT scanning) in a
timely manner (under 3 hours). The assessment of patients with regards to their eligibility for tPA is
therefore a reflection of their current status and of some consideration of their future outcome; in this way,
questions of candidacy and prognostication also overlap.
The goal of this chapter is to describe the role of epistemic reasoning in acute stroke decisionmaking. I have proposed that, contrary to the dominant theory of modern medical epistemology, physicians
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do not simply follow the results of randomized controlled trials in acute stroke decision-making. Rather, I
have sought to elaborate a set of clinical propositions that, I believe, are subject to epistemic evaluation and
around which variations in clinical practice may develop. It is now possible to consider how these
propositions are evaluated, what justification is offered for their evaluation, and how they contribute to
decision-making. The key proposition — that acute stroke is treatable with tPA — will be the starting
point from which the nature of epistemic evaluation in acute stroke decision-making is developed.

Epistemology, History & Treatability
The results of the NINDS trial were published in the New England Journal of Medicine in December
1995, and in some circles they were quickly hailed as “revolutionary.”556,557 However, a sense existed within
the medical community that these results might be deemed controversial. In 1996, the Heart and Stroke
Foundation of Ontario, a charitable organization that funds medical research, hired medical anthropologist
Corrine Hodgson and nurse Kathleen Whelan to investigate this phenomenon. In 1998, Hodgson and
Whelan published an article in the Canadian Medical Association Journal entitled “Are physicians ready for
thrombolysis for acute stroke?”558 Hodgson and Whelan argued that physicians’ willingness to use tPA in
acute stroke would be strongly influenced by their acceptance of stroke’s “treatability.” After surveying
neurologists and emergency physicians across Canada, they concluded that “Unless stroke is seen as
treatable, clinicians will not make the effort necessary to integrate new behaviours into their practice.”559
Their conclusion is relevant to the argument of this chapter in two ways: first, that the proposition of
stroke’s treatability is central to acute stroke decision-making; second, that this proposition was not
intuitively obvious or universally accepted in 1998.
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Efforts to capture the opinions of physicians with regards to tPA’s efficacy suggest that a proportion
of physicians have doubted the efficacy of tPA since the publication of the NINDS trial. A survey of
neurologists conducted in 1997 and 1998 found that the majority of respondents (67%) considered the
results of the NINDS trial “somewhat convincing” of the efficacy of tPA, with only 30% considering the
results “very convincing” and 3% “not convincing.”560 In a survey of 47 Ontario neurologists conducted
between 2009 and 2010, 4% of respondents did not believe in the efficacy of tPA for stroke.561 Given that
this opinion contradicts the prevailing epistemic position within the neurological community, it is possible
that 4% is an underestimation, and that a larger number of physicians are skeptical about the treatability of
acute stroke. A 2013 poll of physicians on the BMJ website found that a minority (46%) felt the benefits
outweighed the risks of tPA use in acute stroke.562,563
Among emergency physicians specifically, multiple surveys have documented how the treatability
of stroke has been, and remains, contested. In most hospitals, emergency physicians are the first responders
to evaluate patients with suspected stroke, and often collaborate with neurologists in acute stroke decisionmaking. In some hospitals, neurologists are not available at all hours of day and night, and therefore
emergency physicians may make decisions about the use of tPA independently. A 2005 survey of 1105
American emergency physicians found that 40% of respondents would be unlikely to use tPA for stroke
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even “under ideal conditions,” suggesting questions about its efficacy.564 (The nature of “ideal conditions”
was not specified in the publication.) A separate 2005 survey of emergency physicians in New York found
that only 66% of respondents considered tPA to be an “appropriate agent for the treatment of acute
ischemic stroke.”565 In 2010, a survey of “attitudes and beliefs of Michigan Emergency Physicians toward
Tissue Plasminogen Activator Use in Stroke” found that only 49% felt that the scientific evidence regarding
the use of tPA was convincing, while 30% remained neutral and 21% declared the evidence unconvincing.
When asked about the use of tPA in acute stroke, 57% of respondents from the Michigan study considered
it “ideal,” 42% considered it “acceptable,” and 1% declared it “unacceptable patient care.”566 These terms
were not explicitly defined, though it can be inferred that they refer to the perceived strength of the ethical
and epistemic justification for the use of tPA. More than 80% of respondents indicated that they were likely
or very likely to use tPA, which suggests that the proportion of physicians who were likely to use tPA
exceeded the proportion of physicians who felt its use was justified by the available evidence. Were the
epistemic reasoning suggested by evidence-based medicine to be applicable in this scenario— namely,
following the conclusions of randomized trials — we would not expect to encounter such a paradox.
Additionally, 65% of the respondent emergency physicians were uncomfortable administering tPA without
the assistance of a neurologist.567
These studies suggest two general conclusions: first, that physicians did not, and have not, been
universally convinced about the efficacy of tPA on the basis of the results of the NINDS trial and its related
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trials. Second, it would appear that emergency physicians demonstrate significantly more skepticism about
the proposition that acute stroke is treatable with tPA than do neurologists. From an evidence-based
medicine perspective, neither of these findings would be expected. According to EBM, the results of
clinical trials offer the “best evidence” with which to guide treatment, and should therefore be followed.568
However, an alternative interpretation, informed by the historical-epistemic approach of Ludwik Fleck, can
make sense of these findings. According to Fleck, no experiment exists in isolation, but arises as the product
of interwoven lines of thought, and is interpreted in relation to its historical context.569 Fleck specifies that
those propositions considered to be “facts” — those that are generally accepted as true, such as the efficacy
of tPA for acute stroke — “cannot be proved with an isolated experiment, but only with broadly based
experience; that is, by a special thought style built up from earlier knowledge, from many successful and
unsuccessful experiments.”570 From a Fleckian perspective, it would be unreasonable to expect that one
experiment, regardless of how well it was conducted, would be sufficient to change medical practice.
Rather, the epistemic evaluation of any experiment will vary depending upon the thought style through
within which it is contextualized.
Therefore, a Fleckian analysis suggests that different epistemic evaluations of an experiment or a
proposition are indicative of the presence of multiple, distinct thought styles. For, when two scientists with
different thought styles evaluate the same experiment, they will do so differently, in line with their different
background knowledge. For Fleck, a thought style is necessarily shared by a thought collective.571 He
defines a though collective as “a community of persons mutually exchanging ideas or maintaining intellectual
interaction… it also provides the special “carrier” for the historical development of any field of thought, as
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well as for the given stock of knowledge and level of culture.”572 Fleck’s thought collective is a community,
engaging in intellectual activities, that shares a body of knowledge and a particular culture. In light of these
features, and in light of the striking difference between neurologists and emergency doctors’ interpretations
of the efficacy of tPA for acute stroke, it would not seem unreasonable to suggest that the two communities
of specialists represent different thought collectives, with different thought styles.
The idea of a medical specialty as an epistemic-historical community is supported by recent
scholarship on the history of medical specialization. In his monograph Divide and Conquer (2006), McGill
University historian George Weisz argues that medical specialization became a “mode of practice” in the 20th
century, by which he means that specialization came to determine the way physicians approach problems,
and the way they identify the types of problems in which they are interested.573 Weisz’s depiction of
specialization resembles the description offered by Kuhn of a scientific community that shares a paradigm:
in order to “practice its trade,” a scientific community must share received beliefs, methodologies, and
interest in particular problems.574 Kuhn argues that students join a community by studying its paradigm and
by accepting its “fundamentals.”575 The training of physicians in a particular specialty recalls this notion, in
that students acquire a particular approach to a specific set of problems. For example, neurologists often
speak of the “neurological formulation” as an organized, thorough and universal means of structuring
neurological problems.576 Different communities will share different sets of practices and different sets of
background knowledge.
Another way to explore the situation of neurologists’ and emergency physicians’ differential
epistemic evaluation of the claim that acute stroke is treatable is to invoke Nelson Goodman’s concept of
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projectibility judgments. As a consequence of different background knowledge, physicians from different
communities will be positioned to make different projectibility judgments about a wide range of
hypotheses, including the likelihood of a given treatment’s efficacy. The notion that a particular treatment is
“effective,” that it “works,” has been shown to be a product of one’s background knowledge and
expectations, which exist within a historical context.577 For example, 19th century physicians believed their
therapies “worked” because they induced the expected physiological changes — diuretics made patients
urinate, emetics made patients vomit.578 In Last Resort, Jack Pressman argues that psychosurgery was felt to
“work” as a treatment for severe depression in the mid 20th century because it relieved many of the
challenging behavioural problems associated with mental illness.579
If, indeed, it is a question of different thought style, or different background knowledge, that
accounts for neurologists and emergency doctors’ differential epistemic evaluation of the treatability of
acute stroke, can we establish what intellectual content accounts for these differential evaluations? In other
words, can it be established that it is the presence or absence of concept X or experience Y that accounts for
the different communities’ approaches to the treatability of acute stroke? I propose that by analyzing the
most commonly cited arguments in the medical literature surrounding the efficacy of tPA, it might be
possible to isolate the key components of neurologists’ and emergency doctors’ thought styles. Specifically,
I contend that it is the presence of the preconditions of the acute stroke — concepts like vascular anatomy,
localization, and the penumbra — in the background knowledge of neurologists and not in the background
knowledge of emergency physicians that serves as the basis for their differential epistemic evaluations.
The most commonly cited argument questioning the proposition that stroke is treatable addresses
the validity of the results of the NINDS trial, in relation to other clinical trials. Critics argue that the 624
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patients enrolled in the NINDS trial represent an insufficient number to establish efficacy,580 particularly
when relating the NINDS trial to earlier and contemporaneous stroke trials.581 These other trials ——
ECASS I, ECASS II, ATLANTIS A and ATLANTIS B — enrolled 1847 patients up to 6 hours after
symptom onset, and failed to show benefit for tPA. In fact, they demonstrated very high rates of post-tPA
intracerebral hemorrhage, which led to high rates of mortality.582
At first glance, this criticism would appear to arise from routine statistical argumentation about the
importance of sample size: when an effect is found in a trial of 624 patients, but not found in trials of 1847
patients, the trial with the larger population is more likely to be valid.583 However, a significant difference
exists between the NINDS trial and all other stroke trials, which reveals the subtext of this criticism, and
with it the importance of the theory of the penumbra. Only the NINDS trial enrolled all of its patients
under 3 hours from the onset of symptoms. The selection of the 3-hour window was based upon animal
experimentation that suggested the existence of a penumbra: a region of brain tissue that could survive
despite being deprived of blood flow, if only for a few hours.584 Interestingly, the concept of the penumbra
is cited commonly in articles arguing for the treatability of stroke,585,586,587 and is not mentioned in any
articles that would challenge it.588,589,590
Without the concept of the penumbra, and its operational correlate of the 3 hour window, there
would indeed be no basis to differentiate between the NINDS trial and its related trials. The justification for
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analyzing the NINDS trial separately from those trials that enrolled patients up to 6 hours after stroke onset
would fade away, and indeed the benefit appreciated in the NINDS trial would be submerged in the results
of the other trials. From this perspective, it would be reasonable to conclude that tPA is not effective, and
that acute stroke is not treatable. And yet, emergency physicians Robert Silbergleit and Philip A. Scott of
the University of Michigan have argued strongly that such a perspective is flawed:
“It would be incorrect, then, to consider the series of clinical trials of thrombolysis in
stroke, using different agents and different treatment protocols, as a cumulative attempt to
prove the concept of thrombolytic therapy in stroke. Rather, the trials represent competing
attempts to identify the details of implementation: the clinical parameters in which this
concept might translate into patient benefit. In this context, it is expected that some trials
would be negative and others positive. Hence, the conflicting data from these trials are not
surprising and do not suggest ambiguity in the soundness of the underlying concept of
thrombolytic use in stroke.”591
Indeed, it is interesting that Silbergleit and Scott’s article on tPA is the only one written by emergency
physicians that references the penumbra as the physiological rationale for thrombolysis under 3 hours.592
Therefore, epistemic evaluation of the acute stroke trials through a thought style that reflects the concept of
the penumbra leads to a different conclusion than does evaluation through a thought style that excludes the
penumbra.
A separate challenge to the efficacy of IV tPA focuses on the risk of intracerebral hemorrhage, that
most dangerous potential side effect of tPA use. According to the NINDS trial, approximately 6% of
patients who receive tPA experienced an intracerebral hemorrhage, in contrast to 0.6% in those who did
not.593 Debates within the medical community about the risk of intracerebral hemorrhage after tPA have
not centred on the validity of the 6% statistic, but on its interpretation. Emergency physicians have
expressed a concern that a 6% risk of hemorrhage is simply “unacceptable.”594 Though no specific
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justification was offered, a group of emergency physicians who were surveyed in 2005 settled on 3.4% as
the upper limit of tolerable risk in the face of post-tPA hemorrhage.595 For them, a 6% chance of
hemorrhage outweighed the 35% chance of benefit derived from tPA use, but a 3.4% risk did not. In this
instance, critics of tPA are not arguing that the NINDS results are inaccurate; they are arguing about their
meaning, in relation to a thought style.
Once again, this criticism is found mostly among the emergency medicine community, rather than
among neurologists. I contend that the main difference between neurologists and emergency physicians,
which accounts for this ethical-epistemic challenge to the use of tPA in acute stroke, reflects differential
understanding of the process by which acute stroke is diagnosed. Difficulty in diagnosing patients with acute
stroke may lead to concerns about the efficacy of tPA and hence the willingness to use it. The diagnosis of
acute stroke depends upon physicians’ ability to localize patients’ symptoms in relation to an understanding
of the brain’s vascular and functional anatomies. This ability is central to the practice of the neurologist, but
is often lacking from the experience of emergency physicians, whose knowledge is necessarily broader and
shallower in scope. Silbergleit and Scott have also suggested that the concern over hemorrhage may be
related to clinician experience, in that “the infrequency of treatment, both in the community setting and
within emergency medicine training programs” contributes to the fear of post-tPA hemorrhage.596
The consistent suggestion that emergency physicians are uncomfortable administering tPA to
patients with acute stroke without the aid of neurologist may also be interpreted as support for their
diagnostic uncertainty. Additional support comes from a recent debate that occurred among members of
the American Academy of Neurology stroke listserv. Dr. Scott Segan, a neurologist based at St. Barnabas
Hospital in New York, suggested that “the dirty little secret” of the debate around tPA administration is that
emergency physicians “feel inadequate to diagnose stroke. I don’t think they mind as much if a neurologist
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comes down and gives tPA, and if they had a blood test like troponin they’d be giving it every time the lab
told them it was positive.”597 In this instance, Segan is alluding to the diagnostic process for myocardial
infarction (heart attack), in which a blood test for the enzyme troponin features prominently. In patients
with chest pain and a troponin result above a certain threshold, the diagnosis of myocardial infarction is
made. Diagnosing acute stroke is distinctly more challenging. In a recent debate about stroke treatment,
emergency physician Dr. Anand Swaminathan of New York University similarly expressed concerns about
the fact that “we don’t know who to give the drug to.”598
The question of whether a drug is effective as a treatment for a particular condition will depend
upon the selection of appropriate patients. For example, an intervention designed to reduce the risk of
stroke will appear to have a different efficacy if it is applied to patients who are at increased risk of stroke,
in contrast to a population in which the background risk of stroke is already very low.599 The use of
thrombolytic agents like tPA to treat acute stroke was difficult prior to the availability of CT scanners,
because clinicians could not differentiate patients with ischemic stroke from those with intracerebral
hemorrhage.600 Therefore, questions of tPA’s efficacy must be explored in relation to the ability of
physicians to identify those patients most likely to benefit. Asking “Is tPA an effective treatment?” needs to
be qualified: “Is tPA an effective treatment in whom?” In light of these issues, there is a very real way in
which the efficacy of a treatment for acute stroke is dependent upon the ability to diagnose acute stroke.
The association between treatment and diagnostic certainty has been reflected in the writings of
tPA sceptic Dr. Ryan Radecki, an emergency physician at the University of Texas. Radecki identifies
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“diagnostic certainty” as a central element that would render tPA use “more appropriate.”601 Oxford
university neurologist Alastair Buchan and colleagues similarly identify “rapid diagnosis” as a central element
of treatment decision-making in acute stroke.602 In a survey of Ontario neurologists conducted by
researchers from the University of Toronto, 100% of respondents identified diagnostic uncertainty as factor
that would impact their management of patients with suspected stroke, though the vast majority felt they
encountered it only “rarely.”603,604 Moreover, epidemiological studies suggest that approximately 20% of
patients with suspected acute stroke are found to have a different final diagnosis.605 In some series, 3% of
patients who receive tPA for acute stroke may be felt to have a different final diagnosis.606
The presence of diagnostic uncertainty in acute stroke can be reframed as support for the notion
that there is variability in the epistemic evaluation of the proposition that “acute stroke can be diagnosed in
medias res.” Uncertainty is a challenge to the process of diagnosing stroke. What is the basis for this
uncertainty? A certain amount of uncertainty is expected (and arguably necessary) surrounding any
diagnostic process. Buchan and colleagues have argued that the “sudden onset of focal neurological deficits”
is the characteristic element of the acute stroke, and should be the focus of the history and physical
examination.607 Buchan’s conceptualization is consistent with what I have earlier proposed, namely that the
diagnosis of stroke is dependent upon a conception of the brain’s vascular and functional anatomy, in order
to identify the “focal neurological deficits” that would point to the occlusion of a particular artery.
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Knowledge of these anatomical patterns is differentially expressed among neurologists, and even more so
between neurologists and emergency physicians. While the development of a working ability to localize
“focal neurological deficits” is a key element of the neurological paradigm, and is a particular quality of the
neurological community, emergency physicians are not trained in the same ways and do not share the same
knowledge. As a consequence, the diagnostic process is more challenging for them, and they are in turn
reliant upon assistance from neurologists when making acute stroke diagnoses.608 Differential epistemic
evaluation of the proposition that the acute stroke is diagnosable in medias res can therefore be related to
differential appreciation of the set of historical preconditions that allowed for the development of the
modern meaning of the “acute stroke.”

Conclusions
The goal of this thesis is to arrive at a naturalistic description of the decision-making process of
physicians, with a focus on decision-making in the use of the drug tPA to treat patients with acute stroke. In
some way, acute stroke decision-making must involve the application of knowledge. However, the
questions to be explored in this chapter were: what knowledge is applied in acute stroke decision-making,
and in what way? Standard accounts of medical knowledge — those derived from the theory of evidencebased medicine — suggest that knowledge from randomized controlled trials is to be the primary, if not the
exclusive, basis for physician decision-making.609 Evidence-based medicine is clear that there is such a thing
as “best evidence,” that “best evidence” is determined by the EBM hierarchy that privileges knowledge from
randomized trials, and that when making decisions, physicians should “look for the highest available
evidence from the hierarchy.”610
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However, the existence of persistent debate surrounding the results of randomized controlled trials
in the field of acute stroke treatment611 — and, as a consequence, debate about a set of core clinical
propositions relevant to acute stroke decision-making612 — suggest that EBM’s depiction of the epistemic
reasoning involved in acute stroke decision-making is incomplete. Applying an approach grounded in the
work of historians and philosophers of science — most prominently Ludwik Fleck’s Genesis and Development
of a Scientific Fact — I have proposed a more nuanced description of the role of knowledge in acute stroke
decision-making. Specifically, I have argued that the results of clinical trials are insufficient to explain
treatment decisions, in that the knowledge derived from clinical trials is evaluated by physicians in relation
to a body of historical knowledge. A single clinical trial result, or even a collection of trial results, has little
meaning or force to compel practice, except when contextualized in relation to what Fleck has called “a
special thought style built up from earlier knowledge, from many successful and unsuccessful experiments,
from much practice and training, and — epistemologically most important — from several adaptations and
transformations of concepts.”613 In the case of acute stroke, the presence or absence of the interwoven
preconditions outlined in Chapter 1 — which form the foundations of the modern meaning of the “acute
stroke” — determine the epistemic evaluation of clinical trial results like those of the NINDS trial.
This line of argumentation has several important implications for understanding acute stroke
decision-making, and with it physician decision-making in general. Different attitudes towards the use of a
particular treatment — and with it, differences in the use of that treatment — can be referable to the
process by which physicians epistemically evaluate the knowledge and propositions relevant to that
treatment. Moreover, this process of epistemic evaluation reflects the contextualization of novel knowledge
in relation to a historical body of knowledge. Therefore, the process of epistemic evaluation is historical in
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two important senses. First, it is historical in that the epistemic context through which treatments and trials
are evaluated develops over time through the “confluence of several lines of collective thought.”614 Second,
it is historical in that the temporal position of any given physician, relative to that historical body of
knowledge, will influence how she evaluates novel claims. A neurologist in 2014, looking at a clinical trial
from 1995, will evaluate that trial in relation to a body of knowledge that extends from the murky past up
to 2014. In contrast, a neurologist in 1995, looking at the data from that same trial, would evaluate it in
relation to a body of knowledge that ends in 1995. Two physicians from different points in time will
evaluate the same knowledge differently. The way that physicians evaluate knowledge is historicallydetermined and contextualized.
In essence, the physician from 1995 and the physician from 2014 interpret that same knowledge
differently because they come to it with different bodies of knowledge, or what Fleck calls thought styles. A
thought style encompasses the historical development of a field of thought, a particular stock of knowledge,
and a culture.615 A thought style is shared by a thought collective, a group of people with a mutually
exchanging and maintaining intellectual interaction.616 I have suggested that neurologists and emergency
doctors, with their different evaluations of the clinical trials that inform acute stroke treatment, reflect
different thought collectives, with different thought styles. The description of medical specialties as thought
collectives echoes Kuhn’s reference to specialty groups as scientific communities, sharing a “disciplinary
matrix.”617 Conceiving of medical specialties in this fashion suggests that the way to bridge the epistemic
gaps between them — to whatever extent this can be done — is not to collect more clinical trial results, or
to increase the availability of those results.618 Rather, what is needed is to develop an historical
understanding of the differences between extant thought styles, in order to understand how they have
614
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arisen. It would not be inappropriate to call such a process “knowledge translation,” in that what I am
describing involves translating the meaning of a particular trial result between thought styles.
Finally, recognition of the central role of thought style in the evaluation and contextualization of
medical knowledge demonstrates how the perspective on knowledge advocated by evidence-based medicine
— that of knowledge as certain and objective — becomes untenable.619 Because physicians will necessarily
evaluate knowledge in relation to a thought style, and because there will be multiple thought styles within a
medical community at any point in time, there can be no, one, “underlying truth.”620 The way physicians
evaluate knowledge is subjective, relative to their thought style. As a consequence, the way they make, and
justify, their clinical decisions, will be subjective, and relative to their thought style. The notions of “best
practices” and “best evidence,” as championed by evidence-based medicine, have little meaning when the
subjectivity and uncertainty of medical decision-making are revealed.
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Chapter 3:
Ethical Evaluation in Acute Stroke Decision-Making
How do we decide what is valuable? The problem seems to me to be existential, moral,
epistemological, and metaphysical.
– Dr. Sam Smith, General Practitioner, Warrington, Cheshire, UK 621
Introduction
How do doctors make decisions in the treatment of acute stroke? In the first chapter of this thesis, I
sought to understand how contemporary physicians conceptualize an “acute stroke,” so that we might be
better positioned to understand doctors’ decision-making in a more general way. In the second chapter, I
proposed that physicians demonstrate significant differences in their epistemic evaluation of the proposition
that tPA can be an effective treatment for acute stroke. By this I mean that not all physicians agree that tPA
is beneficial when administered to patients with acute stroke. However, there is another dimension to the
question of whether tPA provides patients with benefit that requires unpacking: namely, what is meant by
benefit? Even among physicians who agree that a given therapy can be beneficial to at least some patients,
what counts as a good outcome, in contrast to a bad outcome for those patients? In this third chapter, I seek to
show that a process of ethical evaluation — in which questions of evaluating benefit and outcome feature
prominently — occurs as part of acute stroke decision-making.
Insofar as treatment decisions depend upon a conceptualization of benefit for patients, they require
the consideration of medical, epistemic and ethical factors, as constructed within a particular historical and
social context. I propose that acute stroke decision-making requires physicians to make value judgments
about patients’ quality of life pre-stroke, and expected quality of life post-stroke, as part of their
consideration of benefit. Moreover, these evaluations will necessarily be influenced by physicians’ own
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values, and therefore represent a potential source of variation in decision-making. Ultimately, the
consequences of acute stroke treatment decisions will be both medically and ethically relevant. Despite
recent attention to the role of social and ethical values in scientific reasoning,622 analysis of medical decisionmaking from this perspective remains underexplored in the recent literature.623,624,625
My argument in this chapter will consist of several parts. First, I will propose that the dominant
view in contemporary bioethics, that of principlism, ignores the ethical reasoning involved in everyday
medical decisions such as those surrounding tPA use in acute stroke. Then, I will argue that acute stroke
decision-making involves ethical reasoning because it involves the consideration of benefits, values and
outcomes, which are necessarily ethically significant. Finally, I will seek to characterize the ethical
evaluation that occurs as part of acute stroke decision-making as a process that involves the evaluation of
patients’ pre-stroke and post-stroke states. This argumentation will be supported by a close reading of the
medical literature, and by results from recently completed and ongoing surveys of neurologists’ decisionmaking in acute stroke therapy.

Principlist Ethics & Everyday Medical Decisions
In Chapter 2, I proposed that acute stroke decision-making involves a process of epistemic
evaluation, in which physicians are required to evaluate available medical knowledge in order to inform
their treatment decisions. The argument that medical decision-making should have some relation to medical
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knowledge appears relatively intuitive; similarly, it may appear relatively intuitive that medical decisionmaking should involve some form of ethical reasoning. The existence of bioethics as a discipline suggests
that at least some medical decisions are the subject of ethical analysis.626 However, matters of stroke appear
relatively infrequently as topics of ethical analysis.627,628,629,630,631,632,633 For example, in the widely ready
monograph Ethical Issues in Neurology by Dartmouth neurologist James Bernat, “stroke,” “acute stroke” and
“tPA” do not appear at all.634 Modern bioethics appears uninterested in the ethical aspects of everyday
decisions like the administration of tPA, though these kinds of decisions remain ethically significant and
involve ethical reasoning.
In recent decades, scholarship in medical ethics has been dominated by a particular theoretical
approach, which has come to be known as bioethical principlism. Introduced by American philosophers
Thomas Beauchamp and James Childress in the 1970s, principlism is an approach to bioethics that advocates
for the use of a set of four principles to navigate ethical challenges. These principles are autonomy, nonmaleficence, beneficence, and justice.635 In its selection of principles, principlism seeks to combine elements
of the consequentialist and deontological traditions in ethics. The principle of autonomy refers to the norm
of respecting the decision-making capacities of autonomous persons, and is generally considered the central
tenet of principlist ethics. Nonmaleficence refers to the norm of avoiding the causation of harm to patients.
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Beneficence refers to the norm of providing benefits and balancing benefits against risks and costs, and
justice to the norm of fairly distributing benefits, risks and costs.636
It goes beyond the scope of this thesis to present a detailed critique of principlist ethics, though such
critiques exist.637 However, one aspect of the principlist approach is directly relevant to the topic of this
chapter. That is: under principlism, when is ethical reasoning thought to occur in medicine? Specifically,
does principlist ethics provide a framework to analyze the ethical aspects of everyday medical decisionmaking, such as those decisions involved in treating acute stroke? I will argue that principlist ethicists say
little about the ethics of everyday decisions, as they focus on “moral dilemmas” and a standard set of
controversies such as abortion and euthanasia.
Beauchamp and Childress are explicitly interested in aiding health professionals to reason through
what they term “moral dilemmas.”638 In their influential textbook Principles of Biomedical Ethics, Beauchamp
and Childress define moral dilemmas as “circumstances in which moral obligations demand or appear to
demand that a person adopt each of two (or more) alternative actions, yet the person cannot perform all the
required alternatives.”639 In that Beauchamp and Childress define moral dilemmas in reference to a person’s
obligation to adopt one of several courses of action, they frame moral dilemmas as occasions for decisionmaking. For Beauchamp and Childress, a moral dilemma forces clinicians to choose between conflicting
moral obligations that require alternate and exclusive courses of action, such as providing a blood
transfusion to the child of Jehovah’s witnesses, or respecting her parents’ religious beliefs.640
Does the principlist conception of “moral dilemma” include everyday medical decisions, such as
those surrounding the use of tPA? Despite the broad way in which they define the “moral dilemma,” several
counterarguments suggest that Beauchamp and Childress are not interested in everyday decisions. First of
636
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all, they do not speak to the role of ethical reasoning in medical decision-making generally. For example,
references to “decision-making” in Principles of Bioethics focus nearly exclusively on issues surrounding
patient decision-making, rather than on the decision-making of physicians.641 Secondly, by advancing a
particular definition of the “moral dilemma,” namely as a scenario in which clinicians perceive that their
moral obligations require them to choose between mutually exclusive actions, Beauchamp and Childress are
implicitly suggesting that only some medical decisions will count as moral dilemmas.
Thirdly, and perhaps most convincingly, a review of the topics considered in principlist discourses
reveals a restricted and consistent set of clinical scenarios that principlists consider to be “moral dilemmas.”
In the first edition of their textbook Contemporary Issues in Bioethics (1978), Thomas Beauchamp and colleague
LeRoy Walters identify a set of four themes which have reappeared in principlist scholarship ever since. In
Contemporary Issues, Beauchamp and Walters organize their discussion under four headings: “Life and Death,”
which includes cases of abortion and euthanasia; “Allocation,” referring to the allocation of scarce medical
resources; “Human Experimentation,” exploring cases of informed consent and research design; and
“Biomedical and Behavioral Technologies,” discussing cutting-edge genetic and reproductive technologies.642
Recent principlist scholarship reflects similar types of cases, to the exclusion of everyday medical decisions.
Principlist bioethicist Albert Jonsen, then of the University of California, produced a retrospective analysis
of “ethical events” of the 20th century as part of his monograph, A Short History of Bioethics (2000). The
identification of certain events as “ethical” implies that most other events in medicine are not “ethical,”
reinforcing the principlist perspective that only certain decisions require ethical deliberation. Of the 13
“ethical events” Jonsen chooses to highlight, all but one could be classified under the four headings
developed by Beauchamp and Walters in the 1978 edition of Contemporary Issues.643 In 2003, the Journal of
Medical Ethics published a special issue that featured essays on four “standard” bioethics cases: the Jehovah’s
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witness case, the child of a Jehovah’s witness case, the selling of kidneys for transplantation, and genetic
manipulation for the purposes of germline enhancement.644 That there should be such “standard” cases in a
field as expansive as medical ethics further emphasizes the relatively restrictive focus of principlist ethics.
Moreover, the fact that “the Jehovah’s witness case” is all that needs to be said to identify the dilemma in
question — that of providing a blood transfusion against a patient’s religious beliefs — speaks to the
familiarity the bioethical audience has with these cases.
Despite the fact that principlists seem uninterested in everyday medical decisions like prescribing
antibiotics or administering tPA, it is necessary to ask whether these decisions should still be considered
“moral dilemmas” in the principlist sense. Under principlism, a decision would become a moral dilemma if
three circumstances are met: if the clinician is aware of the fact that he or she has moral obligations, if these
obligations demand different courses of action, and if these courses of action are mutually exclusive.645 I
would argue that many physicians are unaware of the ways in which their everyday decisions have ethical
dimensions, and therefore they do not appreciate the tensions produced by conflicting moral obligations.
References to the ethical nature of everyday decisions are rare within the medical literature, and even rarer
in everyday discussions. For example, the reports of complex stroke cases that have appeared in the New
England Journal of Medicine since 1995 make no reference to ethics at all.646,647 Moreover, a recent study that
sought to characterize the subjects of ethics consultations that were obtained in an American stroke centre
found that all the circumstances in which the ethics service became involved would have been considered
“moral dilemmas” from a principlist perspective, such as the withdrawal of ventilatory support in severely
brain-injured patients.648
In his monograph Ethical Issues in Neurology, neurologist James Bernat of Dartmouth University
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proposes to distinguish between “ethical dilemmas” and “ethical problems,” in that “ethical problems”
represent a weaker standard than “ethical dilemmas.”649 Bernat states that “not all ethical problems
encountered in clinical practice rise to the level of dilemmas,” suggesting that the category of “dilemma”
should be reserved for particularly controversial circumstances.650 He defines ethical dilemmas as “clinical
problems in which all feasible solutions require breaking a moral rule.”651 Bernat’s “ethical dilemma”
therefore resembles Beauchamp and Childress’ construction of a “moral dilemma,” in that ignoring a moral
obligation can be seen as similar to breaking a moral rule. Bernat provides examples of “ethical dilemmas”
which are consistent with principlist themes: issues of informed consent in research, the allocation of scarce
resources, and the provision of end of life care to patients with dementia.652
Bernat then defines an “ethical problem” as any situation that results in “discomfort” around “trying
to decide if a situation is morally (as opposed to medically) right or wrong.”653 According to this definition,
the “ethical problem” still fails to serve as a framework for analyzing the ethics of everyday decisions, for
two reasons. First, Bernat’s “ethical problem” is dependent upon the clinician’s perception of “discomfort,”
which may not be present in everyday medical decisions. However, the absence of “discomfort” on the part
of the clinician does not serve as an absolute standard of ethics because a decision may still be ethically
significant regardless of the physician’s experience of it.654
Second, Bernat’s construction of an “ethical problem” contrasts the process of determining whether
a situation is morally right from the process determining whether it is medically right. This distinction suggests
that ethical decision-making is somehow separate and separable from medical decision-making, at least
when it comes to decision-making around “ethical problems.” If, as Bernat suggests, moral reasoning is
separable from medical reasoning, then moral reasoning can be understood as an added layer of complexity
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that only exists in certain medical scenarios. Routine or everyday decisions, such as those surrounding tPA
use in acute stroke, would likely not fall into this category. Therefore, Bernat’s conception of “ethical
problems” and “ethical dilemmas” would not provide a framework for exploring the ethical reasoning
involved in everyday decisions like acute stroke decision-making.
Principlist ethics fails to address the role of ethical reasoning in everyday medical decisions.
However, a theoretical basis for studying the ethics of everyday decisions like those surrounding tPA can be
found in more traditional approaches to ethics, as well as in recent work in social psychology. For example,
German philosopher Immanuel Kant’s (1724-1804) categorical imperative, introduced in the Groundwork of
the Metaphysics of Morals, explicitly considers the ethical implications of everyday decisions.655 The
imperative to “act only according to that maxim through which you can at the same time will that it become
a universal law” is intended to be applicable to all individual actions.656 Moreover, English philosopher
Jeremy Bentham (1748-1832)’s The Principles of Morals and Legislation (1781) begins with descriptive claims
about the nature of decision-making: that humans are “under the governance of two sovereign masters, pain
and pleasure,” and that any action can be ethically evaluated “according to the tendency which it appears to
have to augment or diminish the happiness of the part whose interest is in question.”657 Bentham makes
explicit that his framework should apply “to every action whatsoever,” and therefore could be used to guide
ethical reasoning in everyday medical decisions.658
Within the recent literature, critics of principlist ethics have tended to argue from a perspective
based in virtue ethics.659,660 Virtue ethics, a school of ethical thought that can be traced to the writings of
Aristotle (384-322 BCE), emphasizes the importance of the virtue, or moral character, with which
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individuals lead their daily lives.661 As Aristotle writes in the Nichomachean Ethics, “moral virtue comes about
as a result of habit, whence also its name ethike is one that is formed by a slight variation from the word ethos
(habit).”662 Because it is one’s daily habits that make one ethically virtuous, a virtue ethics approach
recognizes the importance of everyday decisions in the determination of one’s goodness. More specifically,
Aristotle says that people become virtuous by behaving in a virtuous fashion: “we become just by doing just
acts, temperate by doing temperate acts, brave by doing brave acts.”663In fact, he argues that it is our daily
habits that determine whether we are virtuous, for “states of character arise out of like activities.”664 The
point is made even more clearly: “It makes no small difference, then, whether we form habits of one kind
or of another from our very youth; it makes a very great difference, or rather all the difference.”665
From a virtue ethics perspective, all medical decisions would be considered “ethical events,” in that
every act may be carried out in a virtuous or a non-virtuous manner. Advocating for virtue-based bioethics,
Irish philosopher Christopher Cowley has argued that “ethics is a unique subject matter precisely because of
its widespread familiarity in all areas of life.”666 Writing in the Journal of Medical Ethics, British general
practitioner Patrick Gardiner has similarly described the way that ethics is a ubiquitous presence in his
medical practice: “I am, rather, a general practitioner (GP), who deals with moral issues and dilemmas
every day of my working life. These range from the daily awareness of distributive justice as I sign every
prescription, to discussing and balancing the complex issues involved in choices made by patients with
terminal disease. I find many of these situations challenging and some quite perplexing.”667 From a virtue
ethics perspective, everyday medical decisions can be considered ethically-significant decisions, and
therefore suitable for ethical analysis.
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Furthermore, recent research in social psychology and ethics also recognizes the ethical significance
of everyday decisions. In a special issue of the journal Social Justice Research, Harvard University professors
Mahzarin Banaji (a social psychologist) and Max H. Bazerman (a business ethicist) argue for the importance
of “ordinary” behaviours in applied ethics.668 They argue that the ethical components of everyday decisions
are often missed, specifically because they are ordinary. Bazerman and Banaji argue that unethical
behaviours do not simply occur when people choose “self-rewarding behavior over what is right,” such as
when they cheat or steal.669 Rather, Bazerman and Banaji propose that decision-making is ethical in more
complex and subtle ways. For example, it is in the context of everyday interactions between people that
implicit or unconscious mechanisms may be particularly influential, leading us to make decisions influenced
by stereotyping and prejudices.670 This conclusion is particularly relevant to the argument of this chapter, in
that I will suggest that physicians bring to acute stroke decision-making a set of values — explicit and
implicit — which influence the ways they make treatment decisions. A core component of ethical
education, argue Bazerman and Banaji, must be to learn to recognize the ethical implications of one’s
actions, including those actions that are routine and “ordinary.”671 It is the central goal of this chapter to
develop a nuanced and accurate account of the ethical implications of acute stroke decision-making.

Causes, Consequences & Values in Acute Stroke Decision-Making
In this section, I will outline the ways in which everyday decisions, and especially those surrounding
the treatment of acute stroke, involve ethical reasoning. To begin, I will provide a brief account of how
physicians generally understand causation in decision-making, in order to establish that physicians generally
judge their actions from a consequentialist perspective. I will then argue that medical decisions such as those
668
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surrounding the use of tPA in acute stroke treatment should be recognized as ethical decisions at the same
time. In that acute stroke decision-making requires normative judgments to be made, it is subject to the
influence of physicians’ values, which may influence decisions in explicit or implicit ways.
Within medicine, treatment decisions — like administering IV tPA to patients with acute stroke —
are felt to be causally associated with treatment outcomes.672 The nature of that causal relationship is
complex and variable, and a full elaboration of the metaphysics of medical treatment is beyond the scope of
this thesis.673 While physicians recognize that an outcome that follows an intervention will not always be
causally tied to the intervention, they do believe that their interventions can have clear and discernible
effects in a specific patient’s case.674 In their article on “Clinical Judgement,” German physicians Gunver
Kienle and Helmut Kiele argue that valid causal assessments in medicine result from “gestalt cognition,” in
which physicians assess “the wholeness of a pattern that is irreducible to its parts and conceivable
independent from its particulars.”675 By this Kienle and Kiele mean that analyses of causal relations are based
upon a whole pattern of events, which may reflect one of several “correspondence relations” between
causes and effects. For example, they discuss the notion of a “time correspondence,” such as when
uncontrollable bleeding suddenly stops after the administration of a pro-clotting drug or a “morphological
correspondence,” such as when the pattern of anesthesia manifested by a patient reflects the known pattern
supplied by a given nerve.676
Physicians believe that their interventions can have causal associations with patient outcomes, and
indeed they judge their interventions on the basis of those outcomes.677 Therefore, physicians demonstrate a
consequentialist approach to the ethics of everyday decisions. Consequentialism refers to the view that
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actions should be judged on the basis of their consequences.678 In short, physicians generally consider the
rightness or wrongness of their decisions in light of the outcomes of those decisions. Therefore, when
making a decision, physicians consider the expected outcome of that decision. This emphasis on
consequence can be traced to early versions of the Hippocratic Oath, which exhort the physician “to help
and not to harm.”679 The consequentialist tradition is further reflected in modern principlist ethics by
recognition of the value of beneficence and non-maleficence, meaning the imperative to do good and avoid
harm.680 What renders a given decision “good” or “bad” is the outcome of that decision. Traditional
deontological theories, which evaluate decision-making in light of the decision-maker’s intentions, do not
appear as relevant to physicians’ ethical reasoning, perhaps because physicians are generally acting (or
thought to be acting) with the intention of producing “good” outcomes for their patients.681
Physicians are most often act consequentialists, in that they tend to evaluate individual actions on
the basis of their consequences.682 For example, a “good” decision will be one that leads to a “good”
outcome for the patient. If a patient is administered IV tPA and experiences the resolution of her stroke
symptoms, then this will be considered to have been a “good” decision. Under certain circumstances,
physicians may use a rule consequentialist approach, in which a general policy rather than a specific act is
judged on its consequences. For example, if a patient is administered tPA and develops an unexpected
allergic reaction, the decision to have given tPA may still be deemed a “good” one because the adverse
outcome was unpredictable and the use of tPA would generally have been considered the “best” decision in
similar circumstances.
The consequentialist nature of acute stroke decision-making was suggested as early as 1997, in an
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article by neurologist Anthony Furlan and ethicist George Kanoti of Case Western Reserve University.683 In
their article “When is Thrombolysis Justified in Patients with Acute Ischemic Stroke? A Bioethical
Perspective,” Furlan and Kanoti seek to justify the use of tPA on the basis of its expected consequences.684
Moreover, Furlan and Kanoti develop a multidimensional approach to consequences, in that they consider
medical-ethical outcomes such as safety and efficacy, and economic-ethical outcomes such as costeffectiveness. For Furlan and Kanoti, the decision to administer tPA to a patient with stroke therefore
reflects a complex, integrative process that depends upon “scientific, ethical and economic standards.”685
The fact that physicians demonstrate a consequentialist approach in acute stroke decision-making
has three important implications for the argument of this chapter. First, it suggests that medical outcomes
are also ethical outcomes. Second, it suggests that medical decisions are also ethical decisions. Third, it
requires that physicians engaged in acute stroke decision-making are concerned with evaluating the good, a
necessarily ethical process. Each of these suggestions will be developed shortly. Broadly speaking, this line
of argumentation supports the conclusions of Dutch anthropologist Annemarie Mol, who in her publications
has emphasized that “medicine is entwined with the good.”686 By this she means that medical decisionmaking necessarily involves and impacts considerations of the good. For Mol, questions of “what to do” —
decisions about treatment, like the use of tPA — have, and are recognized to have, “a normative
dimension.”687 In this chapter, I am seeking to describe the normative dimension of acute stroke decisionmaking, and explore how it impacts the decisions that are made in the use of tPA.
It is relatively intuitive that medical decisions will have medical outcomes, but I propose that these
medical outcomes also register from an ethical perspective. Whether a patient lives or dies, improves or
worsens, is significant from a medical and from an ethical point of view. Administering tPA to a patient
683
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with an acute stroke would not be considered an ethical dilemma by principlists, but even such a routine
decision will have ethically-relevant outcomes. If the patient is able to return to her previous state of health,
then that outcome will be considered medically and ethically good, and therefore the decision that led to it
will be considered a medical and ethical success. However, if the patient suffers an intracerebral
hemorrhage and dies as a consequence of tPA, then that outcome will be considered bad, and the decision
will be a medical and ethical failure. Moreover, when physicians practice in a health care system with
limited resources, every decision — to prescribe tPA, to schedule a follow up appointment, to order an
MRI scan — has broader economic ramifications.688 Because of resource limitations, every decision made
by a physician impacts the availability of resources for other decisions, and therefore the ethical implications
of even a simple decision like the administration of tPA may be widespread.689
If medical decisions can have ethical outcomes, then medical decisions can also be considered
ethical decisions. Though physicians may not recognize that their medical decision-making is concomitantly
ethical decision-making, I contend that clinicians making everyday decisions like those surrounding tPA are
considering the ethical implications of their decisions when they consider the medical outcomes. When a
physician chooses the intervention that is most likely to lead to the best medical outcome for her patient,
she is also choosing the intervention that, in her opinion, will lead to the best ethical outcome.
Furthermore, I contend that many physicians are aware of the broader implications of their individual
decisions, and act in a manner that is cognizant of the system-wide consequences of their decisions. For
example, a physician may choose not to prescribe tPA for a given patient because of concerns about the
magnitude of benefit for that patient, while at the same time recognizing that other patients may be more
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likely to benefit from that drug or from those resources.690
I have proposed that physicians make medical decisions based on what they think is the medically
best outcome, and that medical outcomes should also be thought of as ethical outcomes. But how do
physicians determine what counts as a best outcome, or a good outcome? What does it mean to a physician when
she says that a particular patient is likely to benefit from an intervention like tPA? In medical parlance the
notion of benefit is associated with increasing or promoting the good.691 But what is the good? The
determination of the good is a fundamental problem in ethics, and many approaches have been proposed to
define and measure it since antiquity.692,693 In that there is no universal definition of the good, the nature of
the good remains contested from a philosophical perspective. As Mol has argued, there is no universally
acknowledged definition of the good in medicine either. She writes that, “The end points, the very goals of
medical interventions, are essentially contested.”694 By this, she means that doctors will disagree about how
to define the good, and hence about how to achieve it.
Moreover, Mol elaborates how considerations of the good are necessarily personal — they reflect
the values of the individuals (physicians and patients) involved. Considerations of the good, she writes, “are
intertwined with different, dissonant, ways of life.”695 In relation to the case of decision-making in cardiac
care, David Jones writes how doctors and patients “bring their own interests and values to the table.”696 For
Furlan and Kanoti, deciding whether tPA use in acute stroke is justified “depends not only on how one looks
at the question but also through whose eyes.”697 In writing about the decisions made in the wake of stroke,
Dr. Claire Creutzfeld of the University of Washington and Dr. Robert Holloway of the University of
690

Siegel, “End-of-Life Decision Making,” 181-194.
Tom Beauchamp, "The Principle of Beneficence in Applied Ethics," The Stanford Encyclopedia of Philosophy (Winter 2013
Edition), Edward N. Zalta (ed.), URL = http://plato.stanford.edu/archives/win2013/entries/principle-beneficence/, accessed
March 20, 2014).
692
Bentham, Principles, 2.
693
Mark Timmons, ed. Disputed Moral Issues: A Reader, 2nd Edition (Oxford: Oxford University Press, 2010), 13.
694
Mol, Body Multiple, 175.
695
Ibid., 175.
696
Jones, Broken Hearts, 17.
697
Furlan, “When is Thrombolysis Justified,” 217.
691

148
Rochester argue that “physicians’ decisions are also influenced by their own personal values and professional
characteristics.”698 As Thomas Cunningham writes in his recent dissertation on medical decision-making,
“the idea of valuing implies agents who value.”699 From this elegant phrase we are reminded that physicians’
decisions require a process of evaluation, which will reflect the values that they hold.
In a recent article entitled “Principles for Applying the Users’ Guide to Patient Care,” McMaster
University epidemiologist and physician Gordon Guyatt and colleagues suggest that clinical decision-making
requires “a judgment about the trade offs between risks and benefits, and because values or preferences
differ, the best course of action will vary between patients and clinicians.”700 They argue that value
judgments are a part of every decisions, though these judgments may be “unapparent” in routine cases.701
Guyatt et al. highlight how “judgments often reflect clinician or societal values concerning whether
intervention benefits are worth the cost,” and they illustrate this point by providing an example from stroke
medicine. When choosing between two drugs that can be used to prevent stroke, the more effective drug
also being more expensive,
“Many authoritative bodies recommend first-line treatment with the less effective drug,
presumably because they believe society’s resources would be better used in other ways.
Implicitly, they are making a value or preference judgment about the trade-offs between
deaths and strokes prevented, and resources spent. By values and preferences, we mean the
underlying processes we bring to bear in weighing what our patients and our society will
gain or lose when we make a management decision.”702
The description provided by Guyatt et al. mirrors the argument I have been laying out in this chapter:
namely, that considerations of risk and benefit such as those that go into choosing a drug to prevent stroke,
implicitly reflect value judgments (what I have termed ethical evaluation) about the potential outcomes of
those decisions. In this way, Guyatt et al. acknowledge “that values play a role in every important patient
698
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care decision,”703 and I contend that this is phenomenon is reflected in acute stroke treatment decisions as
well.
However, physicians may not be aware of the values they bring to bear on the process of acute
stroke decision-making. As Daniel Kahnemann and Amos Tversky have demonstrated in empirical
experiments, most of the decisions we make are determined by unconscious processes, and those that are
associated with a sense of conscious effort will still be influenced by our unconscious tendencies.704 These
unconscious tendencies may include sociocultural biases and prejudices. As defined by Kahnemann, biases
are systematic tendencies towards particular patterns of behaviour, in contradiction to the expectations of
purely rationalistic decision-making.705 While biases are not necessarily normatively adverse, they can
reflect prejudicial attitudes, for example towards members of certain demographic groups. Arguably,
prejudice can be understood as an a priori process of ethical evaluation in which members of a certain group
— determined by socioeconomic status, race, sex or age — are deemed less valuable, less valued, and less
good.
Indeed, recent scholarship in social psychology has demonstrated the ways that individual decisions
— including those of physicians — may reflect prejudices, even when such tendencies are consciously
disavowed.706 A widely cited paper by Schulman et al., published in the New England Journal of Medicine in
1999, used a factorial study design to demonstrate the presence of biases in the ways physicians treat
patients with suspected myocardial infarction.707 In the factorial design, eight actors of varying age, race
and sex depict a standardized clinical scenario. Each participating physician is asked to provide a diagnosis
and treatment plan after having observed one version of the scenario. In Schulman’s experiment, physicians
were less likely to refer patients for assessment of their chest pain, and less likely to engage in treatment, if
703
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the patient was black rather than white, and female rather than male.708 In 2007, a group of medical
researchers at Harvard University applied the influential and widely-used “implicit association test”
methodology, developed by psychologist Mahzarin Banaji, to suggest that physicians demonstrate implicit
racial preferences when they make diagnostic and treatment decisions.709 The implicit association test uses
various interactive tools to demonstrate the association of demographic states (age, race, sex) with value
judgments in participants’ responses. It seeks to address the existence of prejudices of which the
respondents themselves may even be unaware.710 In this study, respondents’ implicit preferences (but not
their explicit preferences) predicted their likelihood of offering thrombolysis to patients with acute
myocardial infarction, meaning that those physicians who demonstrated the greatest implicit prejudice
towards African Americans were least likely to offer them treatment.711
Experiments like these demonstrate that physicians’ decisions may be subject to unrecognized
influences. While such influences may reflect biases within North American culture and language,712 they
may also originate within medicine itself. One such source of bias is the “hidden curriculum,” a
phenomenon first suggested by Frederick Hafferty and Ronald Franks of the University of Minnesota in
1994. The “ hidden curriculum” refers to the way that medical trainees tacitly acquire a set of values by
observing daily clinical practice, which are distinct from the values they are explicitly taught in the
classroom.713 On wards and in clinics, trainees learn to judge their patients and the diseases from which they
suffer. For example, physicians may demonstrate negative attitudes towards patients who they feel are
unlikely to improve, such as those with mental disorders, critical illnesses or terminal diagnoses.714
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Clinicians’ attitudes about patients and their diseases have been suggested to be powerful determinants of
their decision-making.715,716 Kathryn Montgomery alludes to the hidden curriculum when she writes that
“medical education is a moral as well as an intellectual education: experiential, behavioral, and in important
ways covert.”717 The hidden curriculum therefore represents another potential source of value judgments
that may impact the way physicians evaluate patients and their outcomes as part of acute stroke decisionmaking, or decision-making generally. In short, physicians may bring significant biases — derived from
their general culture, or from the culture of medicine itself — to the process of performing the ethical
evaluations involved in making treatment decisions.
Parisian neurologist Dr. Sophie Crozier has begun to explore the impact of biases in acute stroke
decision-making. In her recent article entitled “Enjeux éthiques des limitations et arrêts de traitements à la phase
aiguë des accidents vasculaires cérébraux graves,” Crozier proposes a view of acute stroke decision-making that
includes considerations of tPA use, but also includes decisions about the withdrawal or withholding of life
support measures such as intubation and cardiopulmonary resuscitation.718 For Crozier, these types of
decisions require physicians to envision what would count as an “unacceptable” degree of disability, and to
judge the value of a given individual’s life in those circumstances.719 Crozier argues that physicians’ decisions
in acute stroke require some attempt at measurement of “the good,” and that in doing so they are subject to
their own beliefs and attitudes, organizational constraints, hospital policies, and personal experiences.720
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Evaluating Post-Stroke Outcomes
So far, I have proposed that acute stroke decision-making involves a process of consequentialist
reasoning that recognizes medical outcomes as ethical outcomes, and medical decision-making as ethical
decision-making. I have proposed that this process of ethical reasoning involves explicit evaluations of
benefit, and it may also reflect the influence of unconscious or implicit biases, such as those derived from
cultural prejudices or medicine’s hidden curriculum. However, I have yet to describe exactly what is being
evaluated in the course of acute stroke decision-making. Therefore, I will now describe the core content of
physicians’ ethical evaluation in acute stroke decision-making: namely, post-stroke outcomes and pre-stroke
quality of life.
The ethical evaluation of post-stroke outcomes involves recognition of two important themes: first,
that ethical evaluation in acute stroke decision-making is interwoven with epistemic reasoning.
Considerations of outcomes are dependent upon physicians’ abilities to predict possible outcomes and to
assess their probabilities of occurring.721 Recent scholarship in the history and philosophy of science and
medicine has pointed to the ways that many questions of ethics (e.g. “What should we do?”) are related to
questions of epistemology (e.g. “What do we know?”).722,723,724 In the case of acute stroke decision-making,
evaluations of benefit as outlined by Furlan and Kanoti exist in relation to a belief that benefit is possible and
in relation to an expectation of what that benefit may look like, both of which are informed by knowledge
of the relevant disease process.725 For Crozier, acute stroke decisions — including those surrounding tPA
use and the withdrawal or withholding of life-sustaining measures — depend upon physicians’ prognoses
for patients. Specifically, Crozier proposes that physicians’ decisions depend upon “the prediction of
disability and quality of life,” which is to some degree uncertain and may be influenced by beliefs and
721
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expectations.726
Second, the evaluation of post-stroke outcomes reflects an ontologic approach to disease more
closely allied with normativistic rather than naturalistic theories.727 Here, I am referring to the longstanding
controversy surrounding how “health” and “disease” should be defined.728 Specifically, are health and disease
scientific concepts reflecting biological properties, or are they normative concepts reflecting value
judgments? University of Calgary philosopher of science Marc Ereshefsky has proposed that, for any given
state of health or disease, we can distinguish between state descriptions, by which he means “descriptions of
physiological or psychological states,” and normative claims, by which he means “claims about what states
we value or disvalue.”729 Ereshefsky’s approach implicitly accepts that there can be a normative dimension
to any state of health or disease. Therefore, the vast majority of perspectives on this debate — other than
very restrictive naturalistic approaches — recognize that states of health and disease are commonly
associated with normative claims, in that states of disease are generally valued and desired less than states of
health, whatever they may mean.730 This is the fundamental starting point for our consideration of how
physicians evaluate post-stroke outcomes: states of disease are generally valued less than states of health.
In the setting of acute stroke decision-making, how do physicians evaluate potential outcomes?731 I
propose that the judgment of whether a patient will benefit from tPA requires evaluation of that patient’s
quality of life before the stroke, of the patient’s expected quality of life as a consequence of the stroke, and
the patient’s possible quality of life through the administration of tPA. A medical (and ethical) imperative to
intervene exists when there is a significant difference between the patient’s quality of life prior to the
stroke, and the patient’s expected quality of life post-stroke. Each of the potential outcomes — disability
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from stroke, return to normal, or death — is evaluated by the physician in terms of its relative value, and
its likelihood of occurrence. The wide array of outcome measures used in clinical stroke care and stroke
trials — from clinical indeces such as the National Institutes of Health Stroke Scale Score and the modified
Rankin Score, to economic measures such as Quality-Adjusted Life Years — suggest both the importance of
evaluation in stroke decision-making, and the lack of a universal standard of evaluation.732 Clinically, the
most widely used measure is the National Institutes of Health Stroke Scale Score, which is reported in
nearly every case report of acute stroke treatment in the contemporary context.733
For example, a patient who was fully independent before the onset of a left middle cerebral artery
territory stroke now faces the potential of a lifetime of hemiplegia (inability to move the right side) and
aphasia (inability to produce or understand language). There is an evident difference between the patient’s
pre-stroke state and her post-stroke state. Specifically, the post-stroke state is liable to be valued less (by the
physician and patient both) than the patient’s pre-stroke state. However, in a circumstance like this, where
the patient is unable to communicate, the physician’s evaluation will be the basis for a decision about
treatment. Because the use of tPA may improve the patient’s post-stroke state — from a medical and
ethical perspective — it is likely to be favoured by the physician. The possibility that tPA might mitigate
this difference, and return the patient to her previous state of health (or close to it), creates an opportunity
for benefit. This, I propose, is the general structure of ethical evaluation in acute stroke decision-making.
However, the physician’s impetus to administer tPA may be moderated based on the patient’s preor post-stroke states. In a recent review article entitled “Evaluation and Management of Acute Ischemic
Stroke,” Dr. Pooja Khatri of the University of Cincinnati urges her readers that “all neurologic deficits
present at the time of the treatment decision should be considered in the context of individual risk and
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benefit, as well as the patient’s baseline functional status.”734 What does she mean by this? In a situation in
which the stroke is relatively mild and the patient’s quality of life is unlikely to be affected, the use tPA is
less likely to provide significant benefit, meaning that the patient’s post-stroke states with and without tPA
are unlikely to be significantly different.735 Or, if a patient is already severely disabled prior to the stroke,
the opportunity for producing benefit with tPA will also shrink. Similarly, in a case where the stroke is felt
to be so advanced that treatment is expected to provide minimal benefit, it is unlikely to be offered.736 The
centrality of this process of evaluation is reflected in the fact that many tPA guidelines, and especially those
used in the conduct of clinical trials, establish a minimal functional status (for example, being able to walk
without assistance) as a necessary prerequisite to receive treatment with tPA.737
An additional example may be particularly revelatory here from a more personal perspective.
During my clinical training in neurology, I heard from several different preceptors about the case of a
concert violinist who had suffered a stroke affecting his bow hand.738 This patient, who I never encountered,
is reputed to have suffered a very mild stroke causing only weakness of the one hand. He would have been
judged to have a very low score on the National Institutes of Health Stroke Scale (NIHSS) score, and would
likely not have been offered tPA on the basis of that score.739 However, because of the severity of the injury
to him — because his post-stroke quality of life would have been so significantly affected by weakness of the
hand — treatment with tPA was felt to be potentially beneficial. The patient, reportedly, regained full
function of the affected hand and returned to his work as a concert violinist. This case demonstrates the
kind of ethical evaluation that I propose to be a core component of acute stroke decision-making, namely
that patients’ post-stroke outcomes are evaluated in light of their pre-stroke states.
734
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In their 1999 monograph entitled Stroke: Epidemiology, Evidence and Clinical Practice, British
geriatricians Shah Ebrahim and Rowan Harwood urge physicians to ask “Is it a bad stroke?” when making
treatment decisions.740 This question supports my description of acute stroke decision-making as a process
in which patients’ outcomes are evaluated as part of treatment decisions. Ebrahim and Harwood expand on
the subjective and variable nature of their question, recognizing that there is no universal standard by which
to evaluate stroke severity. They propose that the outcome of a stroke:
“can be described in many different ways, ranging from the patient’s perception, the amount
of physiological disturbance, and the consequent disability and handicap caused, to the
burden to society. The severity of a stroke may be assessed in terms of the amount of brain
damaged, the extent of any arterial lesion demonstrated on angiography, or the function of
the brain.”741
Ebrahim and Harwood appose clinical, pathological, radiological and personal interpretations of stroke
severity, and do not suggest that one is more right than the other. Rather, their description recalls the
language of Furlan and Kanoti, who recognized that the justification of tPA use would vary with one’s
perspective. Moreover, it echoes Annemarie Mol, who wrote that ethical evaluation in medicine was
“intertwined with different, dissonant, ways of life.”742
Ebrahim and Harwood also consider how the use of tPA may lead to better outcomes for many
patients but to a higher rate of mortality “among patients who would have survived with moderate to severe
disability without treatment.”743 This statement reflects a particular interpretation of the early tPA data, in
that it was thought that some patients who would have survived a stroke with moderate to severe disability
might have a higher chance of dying if given tPA. While this interpretation of the clinical trial results is
questionable, the relevant point is that Ebrahim and Harwood acknowledge that a scenario in which more
patients die may be better than one in which more patients survive with variable degrees of disability. They
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continue that, “if, as some work has suggested… survival in a disabled state is valued very poorly, this is a
reasonable trade-off. However, there is considerable variation between people on their valuations of health
states.”744 The comments of Ebrahim and Harwood suggest that post-stroke outcomes are subject to ethical
evaluation, that these evaluations may lead to contested results, and that such evaluations may be a source of
variation in acute stroke decision-making.
Acute stroke decision-making requires physicians to evaluate states of health and states of disease.
Generally, states of disease are valued less than states of health, though death may not be considered the
worst outcome of a stroke. In a recently published survey of Ontario neurologists, 70% of respondents
agreed with the statement that a stroke affecting the left middle cerebral artery territory — which would
leave a patient unable to move the right side, unable to speak, unable to understand language, and
potentially unable to swallow or self-toilet — was a “fate worse than death.”745 Such a conclusion is
significant for several reasons. First, it supports the notion that physicians are to some degree familiar and
comfortable with the ethical evaluation of patients’ post-stroke outcomes. Second, it suggests that many
physicians consider a life of disability to be worse than death, an evaluation that conflicts with traditional
Judeo-Christian values, in which life is prized above all else.746 Third, it points to the fact that a significant
difference of opinion exists among the physicians who completed this survey. Opinion was decidedly split
on this issue.
When respondents were asked about their acute stroke decision-making in a different manner, 37%
of respondents identified a large left middle cerebral artery stroke (a severe neurological injury) as a factor
that would make them less likely to offer tPA to a patient.747 Similarly, 30% agreed that in cases where they
expected the patient to have a poor outcome — for example, that the patient would need to reside in an
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assisted living facility after the stroke — they would be less likely to offer treatment. These two findings
support the notion that some physicians are less likely to offer treatment to patients who they feel are likely
to be severely affected by their stroke, and are therefore potentially less likely to experience benefit from
tPA. Again, the fact that only one in three neurologists would be less likely to give tPA in these
circumstances suggests the existence of variation around these types of evaluations. These results also
suggest that physicians’ prognostications — their expectations of outcome — influence the ways they make
treatment decisions. That this phenomenon of evaluation occurs in stroke is particularly interesting given
how uncertain the prognostication process can be, especially within the first few hours.748,749

Evaluating Pre-Stroke States
The evaluation of benefit from intervention with tPA takes as its reference point the patient’s prestroke state. For example, if a patient’s pre-stroke state is so poorly valued that it is unlikely to be
significantly worsened by the unmitigated effects of the stroke, then tPA will be seen to have limited
potential benefit. Pre-stroke states are therefore subject to evaluation, both intrinsically, and in relation to
expected outcomes. My discussion will focus on two complex issues — age and dementia — as
representative of the ways that medical, ethical and epistemic factors are interwoven in acute stroke
decision-making. Moreover, in the process of performing ethical evaluations, clinicians’ decisions are liable
to be influenced by implicit or unconscious biases, such as those acquired from within medicine’s “hidden
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curriculum.”750
As in the evaluation of post-stroke states, the process by which clinicians attempt to establish
patients’ pre-stroke states is complex and uncertain. Stroke patients arriving in the emergency department
are often unable to recount their own histories, and are unable to provide an accurate description of their
daily lives. Physicians must become adept at interpreting clues, and extrapolating from these clues to
develop a sense of the patient’s pre-stroke state. As a consequence, physicians may (consciously or
unconsciously) fill in the gaps in their knowledge based on beliefs associated with patients’ social
categories.751 Uncertainty creates an opportunity for physicians’ own values to impact the ways in which
they assess their patients’ states. For example, physicians may favor those patients with whom they feel
some form of kinship or association, at the expense of patients who are different.752
Moreover, significant uncertainty exists surrounding how physicians should adapt general practices
— such as the administration of tPA to patients with stroke — to the treatment of members of particular
demographic groups. If the results of clinical trials were to suggest that patients over a certain age would be
less likely to experience benefit from tPA, is that a sufficient reason to withhold treatment? To what degree
can (and should) statistical averages be applied to direct the treatment of individual patients?753 While it
goes beyond the scope of this thesis to provide a full review of the literature on the treatment of stroke in
the elderly, a brief summary suggests that older patients (usually defined as greater than age 75 or 80),
appear to have higher rates of disability and mortality after stroke.754 However, they also appear less likely
to receive treatment with tPA.755,756,757,758,759 In the 2009-2010 survey of Ontario neurologists, 29% of
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respondents said that they would be less likely to administer tPA to a patient over the age of 80, simply on
the basis of age. In our ongoing international survey, 58% of neurologists endorse patient age as a factor
that might influence their use of tPA.760
Physicians’ acute stroke decisions also seem to be impacted by the presence of concomitant
dementia. Dementia refers to a group of conditions common in the elderly in which patients suffer the
gradual and inexorable loss of cognitive functions.761 Alzheimer’s Disease is the best-known and most
common cause of dementia, though many other forms of dementia exist.762 Again, questions of uncertainty
overlap with ethical evaluation. It is very likely that patients with dementia have higher rates of disability
after stroke than patients without dementia,763 but it is not clear whether tPA is any more or less effective in
this group of patients.764 When Ontario neurologists were asked about factors that might decrease their
likelihood of administering tPA to patients with stroke, 79% agreed that dementia would be one such
factor. When presented with clinical vignettes depicting a patient with a left middle cerebral artery
territory stroke of a standardized severity, 100% of respondents would have administered tPA to a man
over age 80, 64% would have administered tPA to a 64-year-old man with mild dementia, and only 37%
would have administered tPA to a 77-year-old woman from a nursing home with advanced dementia.765
Responses like these suggest that neurologists consider patients with dementia to be less likely to
benefit from tPA, although such reasoning is ethically and medically complicated. These patterns of
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decision-making — tendencies against administering tPA treatment to patients with severe deficits, of
advanced age, or with concomitant dementia — may reflect a process of deliberate ethical evaluation
involving consideration of patients’ pre- and post-stroke states. Physicians will often be open about the fact
that they are unwilling to offer risky and costly interventions to patients with dementia. The fact that
neurologists have provided such direct responses to straightforward questions about their likelihood of using
tPA in patients with dementia suggests that they are aware of performing these evaluations, and that they
consider them sufficiently justified to not feel the need to hide them.
However, physicians’ ethical evaluations of pre-stroke life in patients with dementia, or with other
conditions, may also reflect unconscious biases. Within the culture of medicine, the “hidden curriculum”
can lead to the dehumanization of patients, especially those who are old and infirm.766 In the semibiographical novel The House of God, psychiatrist Stephen Joseph Bergman (under the pseudonym Samuel
Shem) recounts how medical trainees in the United States in the 1970s were indoctrinated into a culture
that spoke of old and demented patients as “GOMERs” — patients who should “Get Out of My Emergency
Room.”767 In the appendix to the novel, Shem offers the definition of a GOMER, as he came to understand
it: “a human being who has lost — often through age — what goes into being a human being.”768 These
pejorative views can be interpreted as evidence of physicians’ evaluations of patients’ states acquired within
medicine’s culture. The reasons for which clinicians make treatment decisions are liable to be complex, and
many reasons may even go unnoticed.
When physicians perform ethical evaluations of their patients’ pre-stroke states, these evaluations
are potentially produced by a combination of influences: cultural attitudes, intra-medical attitudes, personal
values, medical knowledge, and the evaluation of that knowledge. While performing an interview for a
podcast published by the American Academy of Neurology in September 2013, neurologist Brett Kissella of
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the University of Cincinnati alludes to the way these various factors may interact. He asks his audience:
“Have you ever evaluated a stroke patient acutely, to make decisions about whether they
would get tPA? I hope so, ‘cause that’s what we neurologists do. It’s part of most
neurologists’ daily practice. If yes, have you ever seen such a patient where you thought
that they met inclusion criteria and didn’t have any contraindications to tPA, but where you
just had that feeling in your gut that it wouldn’t be a good idea to treat them? Maybe you
were trying to find a reason to exclude them? If you just said or thought no, I think you’re
lying, or you haven’t seen enough stroke patients, or maybe you’ve just had good luck. But
I know I’m often having this kind of internal debate in the ER at 2 am.”769
Dr. Kissella’s commentary begins with the notion that stroke patients are “evaluated,” echoing the focus of
this chapter. He identifies acute stroke decision-making as a central element of the neurologist’s identity:
“that’s what we neurologists do.” He suggests that this common process includes “internal debate,” which
by definition implies that acute stroke decision-making is complex rather than straightforward. In fact,
Kissella suggests that physicians who deny this complexity are lying. It would seem that Kissella’s “debate”
centres around a conflict between unconscious influences — what he terms “that feeling in your gut” —
and “evidence-based” inclusion criteria and contraindications. His recognition that physicians bring to the
acute stroke decision-making process a “feeling” from the gut supports the argument of this chapter, namely
that clinicians’ decisions are influenced by processes of ethical evaluation that may reflect unconscious
biases. Kissella states that he is often “trying to find a reason” to exclude patients from receiving treatment
with tPA. In these circumstances, it would appear that Kissella is aware of wanting to not administer tPA to
a patient, though he may be unaware of the reasons for this desire. The suggestion that implicit evaluations
may influence physicians’ considerations of exclusion criteria reflects the results of a 2006 study, which
suggested that neurologists in California might be more likely to grade strokes as too mild to treat, or too
late to treat, when the patients were older or members of visible minorities.770 The recognized exclusion
criteria for tPA, developed as part of the original NINDS trial, therefore become instruments of
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unconscious ethical evaluation in acute stroke decision-making.
At Foothills Medical Centre of the University of Calgary, stroke neurologists frequently speak of a
90 year old woman who suffered a stroke and who was treated with tPA because she had been baking bread
at the time of her stroke.771 When the elderly lady arrived in the emergency department, she reportedly
demonstrated the signs and symptoms of a left middle cerebral artery territory stroke, in that she could not
move the right side of her body and she could not talk. Therefore, the clinicians involved could not establish
with certainty when her symptoms had started, and they could not determine her baseline level of
functioning. However, because the paramedics had found bread baking in her oven, and because the bread
had not yet burned, the treating neurologist decided that her symptoms must not have been greater than
three hours’ old, and that her pre-stroke state was sufficiently functional to benefit from treatment with
tPA. In fact, the example of baking bread has come to be used as a functional standard in tPA
administration, at least in Calgary: I have heard several neurologists declare that if they were 90 years old
and suffered a stroke, they would want to be left to die unless they were able to bake bread. Statements like this
one reflect the impact of physicians’ ethical evaluations of pre-stroke states in acute stroke decision-making.
In the minds of those neurologists, being able to bake bread at age 90 is a marker of a life worth living. As a
consequence, a patient who can bake bread is deemed eligible for benefit from tPA use, while a patient who
cannot bake bread is better off dead than alive. The ability to bake bread has come to be used as a standard
against which future ethical evaluations may be judged. This anecdote supports the notion that ethical
evaluation occurs in acute stroke decision-making, and that this process of evaluation is subjective and based
on individual clinical experiences.
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Conclusions
The central argument of this chapter — that acute stroke decision-making involves a process of
ethical evaluation — may at first appear banal. Is it not obvious that medical decision-making should involve
ethical reasoning? Physicians openly speak about making decisions that will benefit their patients.772
Principlist ethicists highlight “beneficence” and “non-maleficence” as two of the core norms of modern
medical practice.773 And yet, little work has sought to examine how ethical reasoning features in everyday
medical decisions, and how physician decision-making may vary in light of such ethical reasoning. I have
sought to show that ethical evaluation is a core component of acute stroke decision-making. I have argued
that the justification of decisions on the basis of their outcomes means that medical outcomes are also ethical
outcomes. In that physicians are required to evaluate the nature of possible outcomes in order to make
assessments about the benefits of tPA, they are performing a process of ethical evaluation in acute stroke
decision-making. Moreover, I have suggested that the consideration of patients’ pre-stroke and post-stroke
states is a subjective process that reflects the influence of uncertainty and biases.
To recall the phrasing offered by Fleck, the process of ethical evaluation in acute stroke decisionmaking is interwoven with epistemic evaluation.774 Physicians perform ethical evaluations of their patients’
potential outcomes. But first, these potential outcomes are conceived in relation to a physician’s knowledge
of the medical aspects of that scenario. However, that knowledge may be inaccurate, may contain
uncertainty, or may underdetermine the relevant scientific technicalities.775 Therefore, the outcomes being
evaluated ethically are the product of an uncertain epistemology. As bioethicist Nancy Rhoden (1952-1989)
once wrote, “when medical uncertainty leads to moral uncertainty, it seems preferable, albeit harder, to
confront the dual ambiguities than to bury them under either statistical criteria or unrelenting moral
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certitude.”776 In that this thesis has a primarily descriptive focus, its goal is to reveal the “dual ambiguities” of
ethical and epistemic evaluation in acute stroke decision-making.
The process of ethical evaluation in acute stroke decision-making overlaps with questions of
economic evaluation. It is now commonplace that novel medical interventions are assessed in terms of their
benefit to patients (generally measured on the basis of some quantifiable scale) and on their costeffectiveness, meaning the incremental cost of that added benefit.777 Interventions that produce benefit may
therefore not be taken up or approved if they are felt to be too costly for the expected benefit.
Alternatively, highly valued resources may be rationed, requiring careful deliberation about which patients
receive access. A widely-publicised case of resource rationing occurred in the early days of dialysis, when a
“Life and Death Committee” was established in Seattle, Washington in the 1960s to evaluate potential
candidates for the life-prolonging therapy.778 The decisions of this committee consistently privileged
married, white males, and have been subsequently studied as evidence of the pervasive prejudices that exist
in North American culture and health care delivery.
Members of the neurological community have been quick to criticize the presence of ethical
evaluation in acute stroke decision-making, though they have not denied it. In an editorial in the journal
Neurology, neurologist and ethicist Adrienne Boissy of the Cleveland Clinic has argued that “clinicians should
recognize when and why they are making value judgments rather than clinical judgments about the role of
tPA in a specific stroke patient.”779 With this statement, Dr. Boissy appears to be accepting that physicians
can, and do, make value judgments in their tPA decision-making. However, she distinguishes between
“value judgments” and “clinical judgments,” implying that they are separate and separable, recalling the way
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James Bernat distinguished between what was “medically (as opposed to morally) right.”780 In this chapter, I
have sought to argue directly against Boissy’s perspective: namely, that the medical and ethical aspects of a
decision are inseparable because medical outcomes are ethically significant, and because they are used to
justify decisions from a consequentialist perspective.
Boissy suggests that the use of value judgments in acute stroke decision-making needs to somehow
be justified, in that neurologists should know “when and why they are making value judgments.”781 Her
distinction between clinical and value judgments implies that the latter should have no place in tPA
decision-making. Dr. Boissy expects that “health care professionals are likely able to determine accurately
whether the patient has any contraindications to tPA and fulfills inclusion criteria,” and that these
determinations alone should guide tPA use.782 Neurologists Mohit Sharma and Priyand Khandelwal of the
State University of New York outline a similar criticism in a letter to the editor of the journal Neurology.783
Sharma and Khandelwal consider neurologists’ “personal experiences and beliefs” to be “one of the many
ethical and legal issues concerning the use of tPA that could eventually be detrimental to the patient's
prognosis.”784 Like Boissy, Sharma and Khandelwal begin from the position that the incorporation of a
physician’s values and beliefs into decision-making can only be a detriment to the care of patients.
What would acute stroke decision-making look like without ethical evaluation? Without ethical
evaluation, treatment decisions about tPA use would be expected to follow universal guidelines: the same
treatment would be applied to all patients, at all times, in all places. Specially, acute stroke decision-making
would follow evidence-based “best practices,” derived from “best evidence.”785 This prospect recalls
rationalistic notions of medical decision-making, which seek to arrive at optimal standardized algorithms for
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physicians to follow in the management of all patients.786 Acute stroke decision-making without ethical
evaluation recalls the naturalistic approach to diseases, in which they are defined from a purely scientific
perspective that ignores their normative dimensions.787 It also recalls the notion of acute stroke as a natural
kind: an entity whose properties are stable across time and space, and whose management therefore should
be equally consistent.788 Acute stroke decision-making without ethical evaluation would mean that a 90 year
old man suffering from severe dementia would receive the same treatment for stroke as a 45 year old
woman with no other medical issues. I contend that anything more individual than that — any
consideration of what might be best for that individual patient — requires ethical evaluation.
And yet, as I have proposed in this chapter, any attempt to determine what is best is dependent
upon the application of an ethical framework. Any ethical framework begins with some a priori
determination of values, and these are necessarily subjective. As Annemarie Mol writes in the conclusion to
her book The Body Multiple, “medicine is entwined with the good,” but the good has multiple potential
definitions.789 Despite the fact that modern medical epistemology has sought to “objectify the good and turn
values into facts,” Mol reminds us that “the end points, the very goals of medical interventions, are
essentially contested.”790 In a recent essay on “Experience, Narrative and Ethical Deliberation” in medicine,
philosopher Cheryl Misak of the University of Toronto argues for the irreducibility of subjective experience
and judgment in medical decision-making.791 Misak urges us to “describe those experiences which embody
moral responses,” as doing so will allow us to access and understand our “values or norms.”792 This chapter
has explored the role of “values or norms” in decisions about the use of tPA in the treatment of patients with
stroke. We are now positioned to draw some general conclusions about how doctors make decisions, based
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on a conception of acute stroke decision-making as an historical, epistemic and ethical process.
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Conclusions
The more we adhere to a narrow, laboratory-science image of medicine as the defining
basis of the profession, the less will be known about what it actually means to be a physician
in the modern world.
— Jack D. Pressman, Last Resort (1998)
Acute Stroke Decision-Making
How do doctors make decisions? And more specifically, how do doctors make decisions about the
use of the drug tPA in the treatment of patients with acute stroke? In this thesis, I have sought to analyze
acute stroke decision-making from the perspective of the history and philosophy of science, with the aim of
better understanding the decision-making process of physicians in the late 20th and early 21st centuries. I
chose to focus on the treatment of patients with acute stroke because stroke is a common and serious
disease. Moreover, the decisions that must be made in the treatment of acute stroke are complex and timesensitive. Finally, in my position as a neurologist who treats patients with stroke, I may be particularly well
positioned to develop insights into acute stroke decision-making.
In the introduction to this thesis, I proposed that medical decision-making should be studied from a
contextual approach that recognizes the role of historical, epistemic and ethical factors in physicians’
decisions. This approach to medical decision-making generally, and to acute stroke decision-making
specifically, diverges from traditional conceptualizations of physician decision-making as a purely rational
and deliberative process.793,794,795,796 Rather, a contextual approach is grounded in scholarship in the history
and philosophy of science — such as that of Thomas Kuhn, Ludwik Fleck, and Charles Rosenberg, among
others — which has demonstrated how the decision-making of scientists and physicians reflects the values
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and ideas of their time and place.797,798 A contextual approach also draws from recent scholarship in
psychology, economics and sociology that suggests how the decisions people make are influenced by factors
of which they may not be aware, such as unconscious cognitive mechanisms and social biases.799,800 The
notion of context elaborated in the introduction was therefore meant to be sufficiently broad to incorporate
these historical, philosophical, social and psychological aspects of decision-making.
In Chapter 1, I sought to analyze how contemporary neurologists conceive of the disease they call
“acute stroke.” The term “acute stroke” was introduced in 1960 as a way of referencing the possibility that
stroke could be reversed, if treatment could be initiated quickly enough.801,802 This novel conceptualization
marked a shift from earlier historical definitions of stroke that had elaborated a pathological understanding
of the disease process but had recognized no possibility for successful treatment.803 I proposed that a specific
meaning to the term “acute stroke” — as a stroke that was treatable through the use of the drug tPA —
arose after 1995, in reference to the results of the NINDS clinical trial that established the efficacy of tPA as
a treatment for stroke.804 A bibliometric analysis was used to suggest that the year 1995 marked a significant
change in the frequency of use of the term “acute stroke,” and examples from the medical literature were
analyzed to demonstrate the development of a new vocabulary surrounding decision-making in “acute
stroke.”805
I then sought to show how this contemporary meaning of the “acute stroke” arose in light of a set of
intertwining preconditions, to borrow the imagery of Ludwik Fleck.806 In his study of the meaning of
syphilis, Fleck had proposed that diseases should be understood as ideas resulting from a particular
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intellectual tradition, what he called “the development and confluence of several lines of collective
thought.”807 From this perspective, I traced the development of the “acute stroke” in relation to six
preconditions: the description of the brain’s vascular anatomy, the localizability of pathology, the
differentiation of ischemia from hemorrhage, the clinical use of CT scans, the production of chemical
thrombolytics, and the development of the physiological concept of the penumbra. The case of the acute
stroke supports the view that diseases are best understood as historical and social constructs,808 rather than
as natural kinds, which is the predominant way they are discussed in the medical literature.809
On the basis of a deeper understanding of the “acute stroke” in its historical context, analysis of the
process of acute stroke decision-making could begin. In Chapter 2, I proposed that deciding about the use of
tPA in the treatment of patients with acute stroke involves a process of epistemic evaluation, in that
physicians are required to evaluate their knowledge in order to apply it to decision-making in any particular
case of stroke. This view was contrasted to the epistemic theory of evidence-based medicine, in which the
results of randomized controlled trials are considered “best evidence,” are seated atop a “hierarchy of
evidence,” and are considered clear and direct guides for clinical decision-making.810 In short, I argued that
acute stroke decision-making requires a complex process of epistemic reasoning in relation to a thought
style, and I termed this process epistemic evaluation.
Specifically, I argued that the contemporary meaning of the acute stroke, developed in Chapter 1,
allows for the elaboration of six clinical propositions that are subject to epistemic evaluation in acute stroke
decision-making. These propositions are: that the acute stroke exists; that the acute stroke is treatable; that
the acute stroke can be diagnosed in medias res; that physicians can determine which patients should be
treated with tPA; and that physicians can arrive at prognoses in cases of acute stroke. I then proposed that
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differential evaluation of these propositions — meaning, that not all physicians consider them to be
epistemically justified — can be related to differences in what Fleck has called the thought style. A thought
style refers to the background knowledge and cultural practices that are shared by a group of scientists in
relation to the historical development of their field of thought.811 A core component of the thought style is a
historical body of knowledge, and I argued that variable recognition of acute stroke’s preconditions — of
those concepts that serve as the foundation for the modern meaning of the “acute stroke” — in the thought
styles of neurologists and emergency physicians accounts for their differential epistemic evaluation of acute
stroke’s clinical propositions, namely that tPA is an effective treatment for acute stroke.
The argument of Chapter 2 builds from the scholarship of Polish biologist and philosopher Ludwik
Fleck, who has proposed that medical concepts are “determined by their ‘ancestors.’”812 Fleck suggests that
epistemic insecurity arises when scientists are unaware of the historical origins of their ideas, and that this
insecurity might be relieved by a deeper historical understanding of contemporary ideas.813 Schisms within
the medical community about acute stroke treatment — specifically, about whether the use of tPA is
justified on the basis of medical knowledge — indicate the presence of deep epistemic insecurities, which
remain unaddressed by ahistorical analyses of that knowledge.814,815 Because the proponents of evidencebased medicine argue that the results of clinical trials should be sufficiently certain and universal to directly
inform treatment decisions,816 21st century physicians often fail to recognize how they evaluate their
knowledge, and that they to do so in relation to lines of thought that can be traced back centuries. The case
of epistemic evaluation in acute stroke supports the importance of history as a key factor in the
contextualization and evaluation of modern medical knowledge.
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In Chapter 3, I argued that physicians’ decision-making about the use of tPA in the treatment of
patients with acute stroke also involves a process of ethical evaluation, in which physicians make judgments
about the potential risks and benefits of therapy. I proposed that physician decision-making is
consequentialist in orientation, in that physicians make acute stroke decisions based on their expected
consequences, and then evaluate their decisions on the basis of those consequences. I argued that the
considerations of outcome and benefit central to acute stroke decision-making necessitate considerations of
the good.817 As a consequence, when physicians make decisions about acute stroke therapy on the basis of
evaluations of benefit, they are producing an ethical evaluation. I sought to identify those factors that are
subject to this process of ethical evaluation, namely patients’ likely outcomes, and elements of their prestroke states such as age and concomitant dementia. These evaluations appear to be influenced by
physicians’ personal values, as well as by the unconscious biases originating from psychological mechanisms,
North American culture, and the “hidden curriculum” within medicine.818
Physicians’ decision-making in the treatment of acute stroke involves consideration of what is
valuable, to doctors, patients and to society. As part of their decisions about tPA use, physicians are
engaged with questions like: is it better to live with disability, or to die?819 Dr. Samuel Smith, a general
practitioner from Cheshire in the United Kingdom, has written that deciding about what is valuable in
medicine requires consideration of the “existential, moral, epistemological, and metaphysical.”820 He
elaborates that “existentially, value contributes meaning to life. Morally, value is judged in the light of what
is good or better, and charges that we address the tension between the individual and the social good.
Epistemologically, value is related to knowledge and truthfulness, which in turn seems to demand a quest
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for metaphysical foundation.”821 In that acute stroke decision-making requires consideration of what is
valuable — life, death, health, disease, ability, disability — physicians are engaged with ethical, epistemic
and ontologic questions. The goal of this thesis has been to begin to describe the complex interactions of the
ethical, epistemic, ontologic and historical aspects of acute stroke decision-making.
Specifically, I have sought to characterize acute stroke decision-making using techniques from the
history and philosophy of science, with a particular focus on historical, epistemic and ethical analysis. The
history and philosophy of science reflects an interdisciplinary approach to understanding how science is
conducted today, and how science was conducted in the past. At stake are questions about the existence and
features of science, medicine, health and disease:822 questions about the sources, qualities, and justification
of medical knowledge;823 and questions about the moral, legal, and social implications of discovery and
development.824 I have sought to show how ontologic, epistemic and ethical questions can be asked about
acute stroke decision-making, and that their consideration can lead to a better understanding of how
doctors make decisions. The argumentation in this thesis has reflected the influences of prominent historians
and philosophers of science and medicine— among them Ludwik Fleck, Thomas Kuhn, Nelson Goodman,
and Jack Pressman — whose work has allowed me to analyze acute stroke decision-making in relation to its
place in “the history of thought.”825
While a perspective based in the history and philosophy of science has, I believe, revealed a great
deal about acute stroke decision-making, a full elaboration of the context in which these decisions are made
would require analysis from anthropological, psychological, sociological, and economic perspectives as
well.826,827,828,829,830 It goes beyond the scope of this thesis to analyze even so small a topic as acute stroke
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decision-making from these varied points of view, and I do not pretend to be an expert in their methods.
However, the opportunities for further study and collaboration are large. For example, an ethnographic
study of physician decision-making in the treatment of acute stroke might reveal even more fruitful insights
into this process. Modeled after the work of Northwestern University professor Kathryn Monthomery,
embedding an external observer in a stroke team might further develop the description of acute stroke
decision-making provided here.831 A psychological study seeking to elaborate the influence of patient race,
sex and age on tPA use could further characterize the role of conscious and unconscious biases in acute
stroke decision-making. A more detailed analysis of the ways that various imaging modalities are used for
diagnosis and prognosis in acute stroke decision-making could further develop our understanding of the
epistemic, ethical, technological and cultural dimensions of physician decision-making.

Implications for Physician Decision-Making
In this thesis, acute stroke decision-making has been used as a case study from which to draw
conclusions about the way doctors make decisions. However, it must first be established whether acute
stroke decision-making can be considered representative of physician decision-making generally. Stated in
another way, is there reason to believe that the processes of acute stroke decision-making are different from
the processes involved in other medical scenarios? Because the doctors who treat patients with acute stroke
also treat patients with other conditions, it is unlikely that the structure of decision-making — the
involvement of epistemic and ethical evaluation, reflecting a historical context —would suddenly change
because the disease being diagnosed has changed. In that the doctors who make acute stroke decisions hail
from several disciplines — neurology, emergency medicine, internal medicine, geriatrics — they can be
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seen as a diverse sample of physicians with different specialty training. Therefore, the processes of acute
stroke decision-making elaborated in this thesis are unlikely to reflect the ways of an isolated specialty
group. Because medical training is relatively standardized in its structure and content — at least across
North America, in the period covered in this thesis — it can be assumed that students are unlikely to study
and practice completely distinct forms of decision-making. Finally, in that physicians spend much of their
training rotating across disciplinary boundaries, they necessarily come into contact with doctors from
different specialties. This inter-specialty contact would render it unlikely that physicians in one community
could develop and maintain a unique approach to decision-making in stroke treatment.
In light of these considerations, I believe that acute stroke decision-making can be considered a
representative example of physician decision-making more generally, and that certain conclusions can
therefore be drawn as a consequence. What does acute stroke decision-making say about physician decisionmaking? First and foremost, it suggests that physician decision-making is historical. The decisions that
physicians face are contingent on their historical context, and the options between which they must choose
are also historically determined. The way that decision points are conceived is dependent upon the
technological and theoretical realities of one’s present day. The phenomenon of acute stroke decisionmaking as it exists in 2014 did not exist in 1994. Asking a neurologist in 1994 about why she did or did not
use tPA would have had little meaning for the physician or the patient.
Moreover, the standards by which treatments are ethically and epistemically evaluated are also
historically-determined. Belief in the efficacy of a given therapy depends upon broader concepts of health
and disease, good and bad, risk and benefit, which will all be historically variable. As Jack Pressman writes
in his history of psychosurgery, “the factors that shape the evaluation of medical therapies are rooted in
specific moments and hence are subject to change.”832 For example, Pressman argues that psychosurgery
was felt to be beneficial to patients in the United States in the 1940s and 1950s specifically because of the
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state of medical knowledge in that era, because of beliefs about what was best for patients, because of
political and social concerns, and because of alternate treatment options (or lack thereof). Medicine speaks
of the efficacy of treatments as if they were “immediate and yet transcendant, equally visible across the
decades,”833 though the work of Pressman, Rosenberg and Duffin among others, points out how “clinical
assessment is a contingent historical product.”834
As per Fleck, the ideas and systems that contextualize physician decisions are themselves historical,
in that they develop in relation to past events and concepts. Fleck writes that “theories of the elements and
of chemical composition, the law of conservation of matter, the principle of a spherical earth as well as the
heliocentric system each underwent a historical development from somewhat hazy proto-ideas.”835 In short,
those principles that we currently take for unshakeable fact have a history of their own: there was a time
when the sun revolved around a flat Earth. Moreover, there may be a time in the future when those claims
we take to be fact are no longer considered truth. Pressman highlights the “transitory nature of medical
convictions,” whose contingencies are laid bare by the “shifting sands of scientific knowledge.”836 The
context within which 21st century physicians make treatment decisions is reflective of a mutable, historical
moment.
The example of acute stroke decision-making also suggests how physician decision-making is
epistemic. Physician decision-making requires the application of medical knowledge, but it also requires the
selection and evaluation of that knowledge to inform a given decision. In this way, medical decision-making
means having epistemic principles, virtues or values upon which to base the evaluation of knowledge; the
prioritization of the results of randomized controlled trials in evidence-based medicine is one such epistemic
principle in modern medicine. However, there is not a singular way of evaluating medical knowledge, and
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tensions may arise as principles conflict.837 Physicians may be unaware of the fact that they perform
epistemic evaluation in their decision-making, let alone of how they do so. If the case of acute stroke
decision-making serves as an accurate guide, a key component of epistemic evaluation in physician decisionmaking is the background knowledge that individual physicians bring to their decisions.
In addition to revealing the epistemic nature of decision-making, acute stroke decision-making
suggests that physician decision-making is ethical as well. The argument that medical outcomes are ethical
outcomes too — it matters whether patients live or die — does not apply exclusively to acute stroke
decision-making. Any medical decision has consequences, and those consequences will be ethically relevant.
Moreover, even simple decisions such as prescribing antibiotics may have wide-ranging consequences, in
that patients, their families, and society as a whole may be impacted by the medical, ethical, and economic
implications. In that physicians generally desire to do good and avoid harm — as per their Hippocratic
duties — they are required to have some concept of what good is and what harm is, and therefore they
must be engaged in ethical reasoning.
However, physician decision-making is psychologically complex. Not all of medical decision-making
can be attributed to reasoning and deliberation. Kahnemann and Tversky’s research points to the
importance of heuristic mechanisms in the decision-making of physicians.838 Moreover, physicians’ decisions
reflect the biases commonly held within their communities.839,840 Specifically, as members of medicine’s
community, physicians will have learned the lessons of a “hidden curriculum” that devalues patients when
they are at their most vulnerable.841 Moreover, the concept of the hidden curriculum provides independent
support for the idea that physicians’ knowledge of how to do decision-making is tacitly acquired.842 Tacit
knowledge refers to knowledge that is largely transferred through practice, for example learning how to
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play the piano or how to conduct the neurological examination. Because the processes of decision-making
reflect tacit knowledge, physicians may be unable, or at least greatly challenged, to explain how it is that
they make decisions.
Physician decision-making is also social. The medical decision-making process begins with an
interaction between two people: a doctor and a patient.843 The decisions physicians make impact patients,
their families, their communities, and an entire health care system. In that physicians and patients are
members of racial, ethnic, or cultural groups, they import these identities into the decision-making
process.844 When physicians become members of medical groups through the process of training and
specialization, they take on the approach, beliefs and interests of that group.845 More explicitly, physicians
are members of a scientific community, sharing a particular way of looking at the world: whether it is
termed a paradigm or a thought style, physicians’ decisions will be shaped by the principles and practices of
their social groupings.
Finally, acute stroke decision-making suggests the ways that physician decision-making is scientific.
Characterization of the subjectivity, contingency and uncertainty of medical decision-making means
rejecting the view that medicine is an “old-fashioned, positivist, Newtonian” science, but it does not mean
rejecting the notion that medical decision-making is itself scientific.846 Physicians are engaged in solving
problems,847 in reasoning between the general and the particular,848 and in explaining the narratives of
health and disease.849 They engage with complicated concepts based in biology, chemistry, and physics.850
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They develop and test hypotheses.851 But physicians’ decisions do not need to be reducible to algorithms or
modelable by computers in order to be scientific.852,853 Decision-making is scientific in the ways that science
is now understood (by historians and philosophers of science) to be “uncertain, paradox-laden, judgmentdependent,” a “creative social enterprise” occurring in a historical context.854
If physician decision-making is all of these things — historical, epistemic, ethical, psychological, social
and scientific — then further attempts to study it will be most successful if they follow conceptual
approaches that reflect these qualities. Understanding physician decision-making will require understanding
contemporary medical science, as well as understanding the genesis and development of that science.855 It
will require characterizing what physicians consider established facts, and why they do so.856 It will require
exposing the assumptions and values of a particular place and time.857 It will require confronting the
uncertainty and subjectivity of daily medical practice.858 It will require exploring the relationships that exist
between physicians and patients, and between students and teachers.859 Finally, it will require studying
physicians as scientists, philosophers, psychologists, economists — but most importantly, as people.
Physician decision-making is a fundamentally human exercise, and serves as an important example of the
ways that techniques from the humanities — and especially from the history and philosophy of science —
are not just helpful but necessary to understand modern medicine.
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