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FOREWORD BY KENNETH DEVAULT

Internal medicine is the broadest of fields, and a textbook to
cover the breadth of the specialty is a daunting task. There
are many attempts and few successes. The fact that this effort
is now in its third edition speaks to its quality and popu-
larity. This outstanding text has many highlights, including
unique opening chapters on evaluating the literature, ethics,
pharmacology, genetics and imaging. They are followed by
specific, subspecialty-oriented discussions of all of the major
aspects of internal medicine. There are well-written chap-
ters on specialties outside of medicine but where patients
often present to internists, including musculoskeletal dis-
ease, neurology, psychiatry, dermatology, ophthalmology
and obstetrics. These chapters will be of great benefit not
only to trainees but also to practicing internists who need a

quick and approachable reference when faced with problems
outside their comfort zone. I am a practicing gastroenterol-
ogist who has to address general topics with my patients, and
will keep this volume handy for rapid reference. The judicial
use of tables and color figures make the reading particularly
attractive. The editors and their impressive cadre of expert
authors are to be congratulated on this outstanding edition
which will compete for a prominent place on the desks of
practicing health care providers, trainees and students, par-
ticularly those preparing for board examinations.

Kenneth R DeVault, MD, FACG, FACP
Professor and Chair, Department of Medicine, Mayo Clinic Florida



FOREWORD BY NICHOLAS SAUNDERS

Both physician trainees studying for their college and board
examinations and senior medical students will welcome this
new edition of Essentials of Internal Medicine. This third edi-
tion is enhanced by the inclusion of chapter authors who are
experts in their field while maintaining the features of the
book that have made earlier editions so popular among those
preparing for examinations: conciseness; consistency; graph-
ics, tables and images that clearly capture essential informa-
tion; and reinforcement of important points through the use
of ‘clinical pearls’ and self-assessment tasks.

In the main, chapters are organized by body system but
there are very useful additional chapters at the beginning and
end of the book that cover important basic concepts (such as
clinical pharmacology and genetics), contexts (such as preg-
nancy and older age) and approaches (such as evidence-based
practice and medical imaging) that are relevant to internist
practice. Throughout the book the focus is on clinical fea-
tures, pathogenesis and pathophysiology, investigation and
management of patients with common disorders.

The editors comprise a very talented group, each recog-
nized internationally for his expertise in internal medicine
and, importantly, clinical education. At the time of publi-
cation of this edition, Talley, a gastroenterologist, is one of
the 40 most highly cited living biomedical scientists in the
world; Frankum, a clinical immunologist and allergist, is
celebrated for his expert contributions to undergraduate and

Vi

postgraduate education; and Currow, a specialist in oncol-
ogy and palliative care, is making important, novel contri-
butions to the organization and delivery of cancer services
and research.

The editors are also recognized for their professional
leadership, with Talley currently President of the Royal
Australasian College of Physicians, Frankum currently Vice
President of the Australian Medical Association (New South
Wales), and Currow a former President of both the Clin-
ical Oncological Society of Australia and Palliative Care
Australia.

It 1s fitting that each of the three editors is an alumnus
of the University of Newcastle, Australia, whose medical
school places clinical education at the centre of its mission
and which has long been recognized for its educational
innovation and excellence. The third edition of Essentials of
Internal Medicine upholds and extends this reputation.

This book fills an important niche in the vast array of
medical publications and will be a valuable addition to the
bookshelves of students, physician trainees and generalists
who are already established in practice. It is sure to be con-
sulted frequently.

Nicholas Saunders AO, MD, Hon LLD
Emeritus Professor, School of Medicine and Public Health,
University of Newcastle, Australia
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PREFACE

‘The definition of a specialist as one who “knows more and
more about less and less” is good and true. Its truth makes
essential that the specialist, to do efficient work, must
have some association with others who, taken altogether,
represent the whole of which the specialty is only a part.’
—Dr Charlie Mayo

The American Board of Internal Medicine describes an
internist as ‘a personal physician who provides long-term,
comprehensive care in the office and in the hospital, man-
aging both common and complex illnesses of adolescents,
adults and the elderly’. Accurate diagnosis is the key to suc-
cessful long-term management; the internist must be an
expert diagnostician who applies their skill and knowledge
like a detective to solve an often difficult problem, craft a
sensible plan and make a positive difference. In order to
practice safely and provide the best possible outcomes, the
specialist physician must master multiple competencies that
include a broad and deep knowledge of diseases in body sys-
tems and disease prevention.

The first edition of Internal medicine: the essential facts was
written by a single author (the senior editor) while a consul-
tant at Mayo Clinic, as a guide to mastering the core knowl-
edge and clinical facts in internal medicine. The popularity
of the first edition with those sitting the American Board
in Internal Medicine, Membership of the Royal College of
Physicians, Fellowship of the Royal Australasian College
of Physicians (Part One) and similar examinations led to a
successful second edition by the three of us. This new third
edition has been completely revised and updated. All chap-
ters have been written by experts in the field, followed by
careful editing to ensure that the material is set at the correct
standard. Every chapter has then undergone detailed peer

review and been subsequently revised and edited for consis-
tency and clarity.

The new edition retains the most successful elements of
previous editions, including an emphasis on the facts that all
specialist physicians should know (or need to remember for
their examinations). In particular, we have striven to ensure
that essential areas that may be overlooked when one is reading
a major textbook or a review are highlighted, and irrelevant
facts or waffle are avoided. Traditionally difficult-to-master
topics such as medical genetics, poisonings, acid—base dis-
turbances, medical epidemiology, medical dermatology and
interpreting cross-sectional images are included. Color illus-
trations to enhance recognition and learning, clinical pearls,
and lists and tables that must be memorized are integrated
into the text. Multiple-choice questions with answers and
explanations are included for revision purposes.

This book aims to provide a framework of knowledge
and the core facts that those sitting postgraduate examina-
tions in internal medicine must know. For those wishing to
further enhance their clinical skills, a complimentary text-
book Talley and O’Connor’s Clinical examination: a systematic
guide to physical diagnosis (seventh edition) should be con-
sulted. Essentials of Internal Medicine should also prove use-
ful for senior medical students and those studying for other
examinations where core knowledge in internal medicine
is a requirement. We sincerely hope that this concise guide
to internal medicine will serve those striving for excellence.

Nicholas | ‘Talley
Brad Frankum
David Currow
August 2014
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CHAPTER 1

INTERNAL MEDICINE IN THE
21st CENTURY—BEST PRACTICE,

BEST OUTCOMES

Brad Frankum, David Currow and Nicholas J Talley

The technological tools available to the modern internist
allow us to understand and investigate disease in our patients
in great depth. In the 21st century, targeted therapy offers
enormous capacity to alleviate suffering, but challenges us
to be absolutely precise with diagnosis, and with the use of
evidence in decision-making. Deciding when and how to
employ resources that are limited and expensive raises ques-
tions of ethics, equity, and where the balance lies between the
science of human biology and the art of caring for sick people.

Computer  technology  (including  sophisticated
approaches to dredging big data to rapidly identify the likely
diagnosis), ready access to information (for physicians,
their patients and families), and increasing use of molecular
and genetic diagnostic techniques are rapidly changing the
practice of modern internal medicine. Physicians need to be
able to use these tools, and we need to be flexible in the
way we learn. Perhaps surprisingly in this internet-driven
world the textbook, with its synthesis of information and
perspective on what is clinically important, retains its rele-
vance as a cornerstone of medical education. We must also,
however, recognize that the experience and expertise of our
colleagues remains absolutely crucial to guide our ongoing
learning and development.

GENERAL VERSUS
SUB-SPECIALTY MEDICINE

There is a dichotomy in the practice of internal medicine.
On the one hand is the lure of specialization, of becoming

expert and authoritative in very narrow fields. On the other
hand is the need to retain the ability to treat patients in a
holistic manner.

Many patients present with undifferentiated illness,
often accompanied by multiple comorbidities. These peo-
ple require a physician with the skills to sort out multiple
problems in the context of their overall health, both physical
and psychological, while taking into account their social
and cultural background. Too often the sub-specialist has
lost the will or confidence to manage a patient’s problems
when they fall outside a particular organ system. Patients
with multiple medical problems can become the victims
of an unseemly conflict between medical teams as to who
should take responsibility for their overall care, while each
specialty is absolute about how their body system should
be treated. For best outcomes, care must be highly coor-
dinated; fragmented care puts patients at risk. Physicians as
medical experts must take a leadership role here; it is not the
responsibility of someone else.

As life expectancy increases in populations globally, as a
result of both improved living conditions and longer survival
due to the course of much chronic disease being ameliorated,
physicians need to maintain the skills to manage the elderly.
There is no doubt that the elderly experience unique phys-
iological and pathological changes, but too often physicians
fail to factor this into their decision-making. As an example,
there is good evidence that polypharmacy is detrimental to
the prognosis of elderly patients regardless of which drug
combinations are being prescribed, yet most physicians
are more comfortable adding medications to a patient’s
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treatment than removing them. Similarly, the care provided
must be appropriate for each individual, and toward the end
of life withholding potential treatment may be a much better
choice than attempting heroic but clinically futile measures.

Arguments are made that there should be a renaissance
of generalism, particularly in the hospital setting, to allow
for more holistic and rational treatment of patients. Perhaps
a better alternative would be for all of us in the field of
internal medicine to strive to practice as internist first and
sub-specialist second. We also help patients more effectively
when we work as part of a healthcare team, recognizing and
employing the unique skills of colleagues as well as nursing
and allied health staff.

Mostimportantly, the care of patients should be conducted
in a partnership with the patient, and often also with their
family. No amount of technical knowledge and procedural
expertise on the part of the physician can treat patients effec-
tively in the absence of trust and empathy. Communication
skills need to be increasingly sophisticated as people’s health
literacy increases. Poor outcomes for patients occur much
more frequently through failures of communication than due
to a lack of scientific knowledge on the part of physicians.

THE IMPORTANCE OF
DIAGNOSIS

Rational treatment of patients can only occur after rational
diagnosis. When diagnosis proves elusive, a sensible differen-
tial diagnosis can allow for the formulation of an appropriate
plan of investigation and management. ‘“Non-cardiac chest
pain”, “dyspnea”, or “abdominal pain for investigation”
are not diagnoses—they are symptoms. The internist needs
to do better than allocating broad symptomatic labels to
patients. Internal medicine is the branch of medicine for the
expert diagnostician, and the discipline of committing to a
refined provisional and differential diagnosis identifies the
path forward for both clinician and patient.

Too often in modern medicine, physicians make cursory
attempts to form a diagnosis based on limited history and
physical examination, and then rely on investigations to
refine the diagnosis. A defensive approach often results
in excessive numbers of tests and more mistakes; this trap
should be avoided. An investigation is only helpful diagnos-
tically if there is a reasonable pre-test probability that it will
be positive.

As an example, an “autoimmune screen” is often per-
formed for a patient with fatigue as a presenting problem but
no other features of a systemic autoimmune disease. What,
then, to do when the antinuclear antibody (ANA) comes
back detectable in a titer of 1:160? Is this within the range
of normal? How many asymptomatic patients will have a
detectable ANA in low titer? How many extra tests should
now be performed to ensure that the ANA is not of signif-
icance? How do we deal with the inevitable anxiety of our
patient who consults the internet to find that ANA is found
in systemic lupus erythematosus, as indeed is the symptom
of fatigue? How will we look in the eyes of the patient when
we say to them that the “positive” test was really negative
and unimportant? If so, why was it ordered in the first place?
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Furthermore, the larger the number of investigations
performed, the higher the likelihood that a result will fall
outside the reference range as a matter of chance. This is
the statistical nature of a normal distribution curve. An
abnormal result may be of no clinical significance, but still
needs to be explained to a patient. As diagnostic techniques
become more sensitive, especially imaging modalities,
increasing numbers of incidental findings result. The
physician needs to be able to discern between when this
needs further investigation and when it can be dismissed.
Most investigations are not innocuous and run the risk of
potential harm. Physicians have a societal responsibility to
be cost-conscious and all investigations should be ordered
judiciously.

THE PHYSICIAN'S ROLE IN
PUBLIC HEALTH

In the era of personalized medicine, there remains a critical
role for the physician as an advocate for, and guardian of,
public health.

The greatest impact on health that we can make as phy-
sicians remains in the area of global preventative medicine.
The world population’s health will only continue to improve
with concentrated, ongoing efforts to implement vital
measures such as large-scale vaccination against infection;
tobacco, alcohol, and recreational drug control; screening
for pre-cancerous lesions, and earlier-stage cancers that can
be cured; obesity and diabetes mellitus prevention; protec-
tion from war, violence, and road trauma; reduction in the
spread of HIV, malaria, and tuberculosis; and minimaliza-
tion of climate change. Even at a local level, it is essential for
physicians to argue the case for these measures, especially
in the face of ever-pressured health budgets, anti-scientific
misinformation from vested interests, and governments
intent on spending vastly more money on military defenses
than on preventative health.

As physicians we generally treat patients on a one-on-
one basis. Most feel, quite appropriately, duty-bound to
facilitate the best possible care for each individual patient.
There is, however, an opportunity cost for every dollar spent
on healthcare. It is an obligation for cach of us to spend
this money appropriately and not waste valuable resources.
Appropriate care is not necessarily the same as the most
expensive care. Sometimes, simplifying investigations and
treatments serves patients’ interests far better.

THE PHYSICIAN AS SCHOLAR

Scholarly activity continues to define the essence of internal
medicine. Scientific analysis of material, education of others,
and ongoing research into basic and clinical mechanisms of
health and disease are the cornerstones of practice for the
internist.

The sources of information available to the physician
continue to expand. The temptation to be influenced by
vested interests is ever-present, whether that be from phar-
maceutical companies trying to market drugs, researchers
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trying to maintain grant funding, colleagues trying to boost
referrals, or even textbook authors trying to sell their books!
Critical analysis of information through understanding the
many factors influencing and biasing the production and
presentation of data is the only way to guard against poor
decision-making. All physicians need to exercise the intel-
lectual discipline of critical appraisal in these settings.

Most medical graduates understand the importance of
teaching and role-modeling provided by their senior col-
leagues. There is no more powerful lesson than seeing an
expert in action in a clinical setting, or having a complex
concept explained in an insightful and succinct fashion.
As learning becomes increasingly blended between the
classroom, the internet, and the clinical setting, the phy-
sician remains the central reference point for students and
junior doctors to comprehend what is really important to

understand and master. Physicians must take this responsi-
bility as educators seriously. They must strive for excellence
as teachers just as they do as clinicians.

To research is to improve. If we do not strive for new
knowledge and understanding, our patients will not be able
to look forward to better healthcare in the future. Research
may involve an audit of an individual’s current practice, or
may involve participation in a multi-national trial of a new
therapy. Whatever form it takes, it underpins the practice
of internal medicine. Our participation in research such as a
clinical trial is likely to improve our practice, no matter what
the outcome of the clinical trial.

As physicians, we must remain curious, vigilant, and
sceptical. If we remain inspired by the scholarship of medi-
cine, we can no doubt be an inspiration to our patients and
colleagues.
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EVIDENCE-BASED MEDICINE AND CRITICAL
APPRAISAL OF THE LITERATURE
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e CONCLUSION

INTRODUCTION

In order for patients to benefit from gains in knowledge
achieved by medical science, the findings of research must
be integrated into routine clinical practice. Evidence-based
medicine is an approach to clinical practice in which there
is an explicit undertaking to incorporate the best available
scientific evidence into the process of clinical decision-mak-
ing. Achievement of this requires skills in the identification,
critical appraisal and interpretation of relevant research stud-
ies in order to assess the strengths, limitations and relevance
of the evidence for the care of an individual patient.

ASSESSING THE EVIDENCE

When assessing the findings of scientific research, one of
the first considerations is whether the results of a study
are accurate. The accuracy of a study is also referred to as

its ‘internal validity’. To assess internal validity, potential
sources of error or bias in the study must be considered.

Sources of error

There are two major sources of error that affect research
studies. Random error arises due to chance variations in
study samples and can be thought of as adding ‘noise’ to the
data. It reduces the precision of the findings but can be min-
imized by increasing the sample size of the study.

In contrast, systematic error is due to the way in
which the study was designed or conducted and will always
deviate a research finding away from the truth in a partic-
ular direction, resulting in an under- or over-estimate of
the true value. Systematic error may arise from the way
in which study participants were selected into the study
(‘selection bias’), the accuracy of study measures (‘infor-
mation bias’) or the concomitant effect of other factors
on the outcome in question (‘confounding’) (Box 2-1,
overleaf). It should be recognized that different sources of
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Selection bias

Error in the study’s findings which arises from the methods
used to select and recruit study participants.

e |f the relationship between the study factor and the
outcome is different for participants and non-participants
(those excluded, omitted or who declined to participate),
the study’s results will be inaccurate.

e Recruitment of random, population-based samples with
high consent rates minimizes potential selection bias in
a study.

e Be alert to potential selection bias in studies which:

» recruit volunteers

» recruit other non-representative groups
» have low participation or consent rates
» have high losses to follow-up.

Information bias

Errors in the study’s findings due to inaccurate collection
of information.

e Accuracy is how well the measure represents the true
value.

e Reliability is the ability of a measure to provide
consistent results when repeated.

e Measures that rely on the judgment of an individual can
be influenced subconsciously by knowledge of
the research question.

e In clinical trials, blinding of outcome assessors, clinicians
and patients to treatment allocation reduces the
potential for awareness of group allocation to influence
study measures.

systematic error within the same study may work in the
same or opposing directions. However, as the true value of
interest 1s generally not known, the size of any error can-
not be measured directly. Unlike random error, systematic
error cannot be reduced by increasing the size of the study
but must be minimized by good study design. Assessment
of the potential for systematic error requires consideration
of the potential for selection bias, information bias and
confounding within each study.

Assessing potential biases in different
study designs

A number of different types of study are used in clinical
research and each is susceptible to varying sources of system-
atic bias. An understanding of the key features of each study
design, and the most important sources of bias, provides the
basis for critical appraisal of the scientific literature. Fur-
thermore, once the design of the study has been identified,
there are design-specific critical appraisal checklists, such as
those developed by the Critical Appraisal Skills Programme
(CASP) in the United Kingdom, that are readily available
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e |n case-control studies, cases may have heightened
awareness of possible causes of their disease and so
have different recall of exposure to factors of interest
than controls (‘recall bias’).

Confounding

Error in the study’s findings owing to mixing up of effects
due to the study factor with those due to other factors.

e Occurs when there is an uneven distribution of
prognostic factors between the groups being compared.
e Inclinical trials, randomization aims to produce groups
which are equally balanced for both known and
unknown prognostic factors.
e Randomization will usually control for confounding
if the sample size of the trial is large enough for the
comparison groups to have similar distributions of
prognostic factors.
e Potential confounding is a major issue in non-
randomized studies that can be minimized by:
» restricting study participation to exclude potential
confounding factors
» matching participants in different study groups for
prognostic factors
» stratifying participants by the prognostic factor and
analyzing each stratum separately
» statistical modeling to adjust for the effect of
confounding.

on-line to provide a step-by-step guide to the assessment of
the methodological quality of research studies.

Randomized controlled trials

In randomized trials, participants are randomly allocated to
treatment groups, for example to new treatment or placebo.
The randomization process should achieve treatment groups
in which patients are similar for both known and unknown
prognostic factors (confounders) so that any differences in
outcome can be attributed to differences in treatment.
Well-designed randomized trials use a method to allocate
patients to treatment groups that is truly random and that
ensures that the sequence cannot be known or guessed in
advance by patients or those recruiting them (‘allocation con-
cealment’). Random number tables or computer-generated
sequences are the best methods to obtain a truly random
sequence. Inappropriate methods of ‘randomization’ are those
in which the group allocation is not truly random, such as
alternating patients between treatment groups or selecting the
treatment group based on a patient characteristic (such as date
of birth) or day of clinic attendance. In addition to generating
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a truly random sequence, the trial methods need to ensure
allocation concealment so that a clinician’s decision to recruit
a particular patient to a trial and the patient’s decision whether
or not to participate cannot be influenced by knowledge of
the treatment group to which they will be allocated. Trial
methods must ensure that the randomization schedule is not
freely available to those involved in the actual recruitment of
patients. This can be achieved by use of a central randomiza-
tion service in which clinicians contact the service by phone,
fax or e-mail to register a patient who has already consented
to be in the study, and to find out which treatment the patient
has been randomly allocated to receive.

Intention-to-treat (IT'T) analysis is a method used
to preserve the randomization of participants at the anal-
ysis stage of a clinical trial. In ITT analysis, patients are
analyzed in the groups to which they were originally allo-
cated, regardless of what may have happened in practice.
So any patients who decline the treatment to which they
were randomized, those who cross over to another group
for any reason, and those who drop out are analyzed as part
of their original allocated group. As all patients who were
randomized must be accounted for at final follow-up, the
trial methods should attempt to minimize any drop-outs
or losses to follow-up. Furthermore, the statistical methods
should describe how any losses to follow-up were dealt with
in the statistical analysis.

The use of blinding is a method to guard against infor-
mation bias in randomized trials that also can be used in
non-randomized studies. ‘Blinding’ or concealment of a
study participant’s treatment group ensures that precon-
ceived attitudes or expectations of the relative effectiveness
of the treatments being compared cannot influence the study
data. Blinding of patients can guard against a placebo effect,
in which patients report better outcomes due to the psycho-
logical effect of receiving a treatment that they perceive as
being more effective than a control treatment. Blinding of
clinicians reduces the potential for overt or subconscious
differences in patient management that could arise from
knowledge of the treatment that has been received. Blinding
of other study staff such as outcome assessors, data collectors
and biostatisticians can minimize the risk that measurement
or analysis decisions are influenced by awareness of treatment
group. As blinding addresses any information bias that results
from participants’ attitudes and expectations of the likely
benefits of the treatment being tested, blinding is particularly
important for study outcome measures that are subjective,
such as pain, quality of life or satisfaction. Blinding is less
important for objective measures such as mortality.

Key points to consider in the assessment of a randomized
trial are summarized in Box 2-2.

Pseudo-randomized or quasi-experimental
trials

In these trials, the method of developing the treatment allo-
cation sequence is not truly random. For example, alternate
patients could be allocated to different treatment groups, or
treatments could be offered according to days of the week
or last digit of a medical record number. A major concern
is whether there is any relationship between the method of
allocation and specific types of patient. For example, it may

e How was the randomization schedule developed?
e Was this a truly random process?

e Could patients, or those recruiting them, have been
able to know or deduce the next treatment allocation?

o Were patients concealed to their treatment
allocations?

e Were clinicians concealed to the patients’ treatment
allocations?

o Were those responsible for measurement of study
outcomes blinded to the patients’ treatment
allocations, or were objective measures used?

e Were all patients who were randomized accounted for
in the final analysis in the groups to which they were
allocated (regardless of whether they actually received
this treatment)?

e Were there any other factors that could have
influenced the results of the study (e.g. poor
compliance with allocated treatment, large numbers
of patients crossing over to a non-allocated treatment
group, contamination between treatment groups, co-
interventions or changes in healthcare delivery during
the trial that may have influenced outcomes)?

Adapted with permission from Macmillan Publishers Ltd.
Young JM and Solomon MJ. How to critically appraise an article.
Nature Clinical Practice Gastroenterology 2009;6(2):82-91.

be that older or sicker patients attend a clinic on a particu-
lar day for reasons relating to clinical, administrative, access
or transport issues. In addition to careful consideration of
potential pitfalls of the group allocation method, other points
to consider in the assessment of a pseudo-randomized study
are the same as for randomized trials.

Cohort studies

Cohort studies involve the longitudinal follow-up of groups
of individuals to identify those who develop the outcome of
interest.

* Ina prospective cohort study, the individuals are identi-
fied at the start of the study and data are collected about
the study factors or exposures of interest as well as all
potential confounding factors. The cohort is then fol-
lowed, usually for several years, with regular assessment
of study outcomes over this period.

* In a retrospective cohort study, individuals are usually
identified from existing databases or records, and infor-
mation about study factors, potential confounders and
outcomes is also obtained from existing data sources.

Retrospective cohort studies are usually much quicker to
complete than prospective studies, but a major disadvan-
tage is that information about potential confounders may
not have been collected at the time the original data were
obtained. Box 2-3 (overleaf) summarizes key points to
consider in the assessment of a cohort study.
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e |s the study prospective or retrospective?

e |s the cohort well-defined in terms of person, time and
place?

e |s the cohort population-based?

o Were data collected on all important confounding
factors?

e \Were study outcomes and potential confounders
measured in the same way for all members of the
cohort?

e Was the length of follow-up sufficient to identify the
outcomes of interest?

o \Were there large losses to follow-up?

e Were those lost to follow-up likely to have different
outcomes to those who continued in the study?

Adapted with permission from Macmillan Publishers Ltd.
Young JM and Solomon MJ. How to critically appraise an article.
Nature Clinical Practice Gastroenterology 2009;6(2):82-91.

Case-control studies

In case-control studies, cases are selected because they have
already developed the outcome of interest, for example a dis-
ease, and their history of exposure, risk factors or treatment
are compared with similar people who have not developed
the outcome of interest (‘controls’). Case-control studies are
particularly useful to investigate risk factors when the clini-
cal condition of interest is rare, as it would take too long to
recruit and follow up a prospective cohort of patients. Selec-
tion of appropriate controls and the possibility of recall bias
are major concerns with case-control studies.

Cross-sectional studies

In cross-sectional studies, information about the study fac-
tors and outcomes of interest are collected at one point in
time. The purpose of this type of study is to investigate asso-
ciations between these factors, but it is not possible to draw
conclusions about causation as a sequence of events cannot
be established. A survey is an example of a cross-sectional
study.

CRITICAL APPRAISAL OF THE
LITERATURE

While a focus of the critical appraisal of a research study is
an assessment of the potential for bias in the design and con-
duct of the research, there are a number of other important
factors that should be considered (Box 2-4).

Two important considerations are whether the specific
research question addressed in the study is relevant to the
clinical question of interest, and whether the appropri-
ate study design was used to answer this question. While
it is widely recognized that well-designed randomized
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1 Is the study question relevant?
2 Does the study add anything new?
3 What type of research question is being asked?

4 Was the study design appropriate for the research
question?

5 Did the study methods address the most important
potential sources of bias?

6 Was the study performed according to the original
protocol?

7 Does the study test a stated hypothesis?
8 Were the statistical analyses performed correctly?
9 Are the conclusions justified from the data?

10 Are there any conflicts of interest?

Adapted with permission from Macmillan Publishers Ltd.
Young JM and Solomon MJ. How to critically appraise an article.

Nature Clinical Practice Gastroenterology 2009;6(2):82-91.

controlled trials provide the best quality evidence about
the effectiveness of medical therapies, other study designs
are optimal for different types of research question. For
example, an evaluation of the accuracy of a new diagnos-
tic test would be best investigated using a cross-sectional
study design in which a consecutive sample of patients
received both the new test and an existing ‘gold standard’
test simultancously. The accuracy of the new test could
then be established by comparing the results with the ‘gold
standard’ test. Questions about prognosis are best answered
using prospective cohort studies.

Many studies are conducted that are not the optimal
design for the research question being addressed. This can
be because the optimal design is not acceptable or is not fea-
sible with the time and resources available. For example, it
can be very difficult to conduct randomized trials to test new
surgical procedures, particularly when there is a large differ-
ence in the extent of surgery between the experimental and
standard approaches. Patients are likely to refuse to have a
non-reversible treatment option decided essentially on the
basis of the toss of a coin. Another circumstance where ran-
domized trials are difficult is when the condition of inter-
est 1s very rare so that it would be impossible to achieve the
required sample size within a reasonable timeframe. Many
organizations, such as those involved in the development
of evidence-based clinical practice guidelines, have devel-
oped hierarchies of evidence that rank study designs from
strongest to weakest for questions relating to therapeutic
effectiveness, prognosis or diagnostic test accuracy. For ther-
apeutic effectiveness, for example, one hierarchy from stron-
gest to weakest would be: randomized trial; a comparative
study with concurrent controls (pseudo-randomized trial,
prospective cohort study, case-control study, controlled
time series); comparative study with historical controls;
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uncontrolled (single-arm) studies such as uncontrolled time
series or uncontrolled case series.

Meta-analysis is a statistical technique in which the
findings of several studies can be pooled together to provide
a summary measure of effect. Meta-analysis should always
follow a comprehensive systematic review of the literature
to identify all relevant primary studies and to assess the qual-
ity and comparability of these studies. When conducted
according to strict protocols, such as those developed by
the Cochrane Collaboration to minimize bias, systematic
review and meta-analysis can provide the strongest evi-
dence on a topic as it incorporates all the relevant scientific
evidence from individual studies. Hence, most evidence
hierarchies have meta-analysis as the highest-ranked study
design. In the case of questions of therapeutic effectiveness,
meta-analysis of individual randomized controlled trials
would be considered the strongest evidence on the topic.
Key points to consider when assessing a systematic review
or meta-analysis are summarized in Box 2-5.

e Was the literature review sufficiently comprehensive to
identify all the relevant literature?

o \Were specific inclusion and exclusion criteria used to
select articles to be included in the review?

e Were important types of article excluded (e.g. those in
foreign languages, unpublished articles)?

e Was the quality of the included articles assessed using
explicit criteria by two independent reviewers?

e Were numerical results and key findings extracted
from the included articles by two independent
reviewers?

e Was sufficient detail about the included studies
provided to enable comparisons of patient
characteristics, treatments and outcomes between
studies?

e |f a meta-analysis was conducted, was an assessment
of heterogeneity and the appropriateness of
calculating a summary measure assessed?

Adapted with permission from Macmillan Publishers Ltd.
Young JM and Solomon MJ. How to critically appraise an article.
Nature Clinical Practice Gastroenterology 2009;6(2):82-91.

INTERPRETING A STUDY'S
FINDINGS

Clinical studies use a variety of measures to summarize their

findings.

* A ‘point estimate’ is the single value or result that is
obtained from the study sample. It is the best estimate
of the underlying true value that has been obtained
from the study data. Different studies that address the
same clinical question may yield slightly difterent point

estimates due to small differences between the study
methods and samples and the play of chance.

* Incidence and prevalence are measures commonly
used to describe the burden of disease in the community.

e A rate is the number of events occurring in a defined
population over a specific time period, such as one year.

Incidence and prevalence are often mixed up, but shouldn’t
be! An incidence rate is the number of new cases per pop-
ulation in a given time period, and is a measure of the risk
of developing the condition of interest. For example, cancer
incidence rates are usually reported as the number of new
cases per 100,000 people per year. In contrast, prevalence
is the number of people in the population with the condi-
tion of interest during a specified time period and is a good
measure of the impact of the disease in the community.
Prevalence includes cases that were diagnosed prior to but
continue to exist during the time period, as well as the new
cases that occur for the first time during the time period.
Point prevalence is the number of people in the popula-
tion with the disease at a single point in time.

Rates can be standardized to allow valid comparisons
to be made between two or more different populations. For
example, the risk of most cancers increases with advancing
age. A comparison of cancer incidence rates between two
regions with different age structures would be misleading
if age were not taken into account, as a higher cancer inci-
dence rate would be expected in the region with the older
population. The incidence rates for the different regions can
be age-standardized by calculating what the rates would be
if each region had the age structure of a standard popula-
tion (direct standardization). In this way, the effect of age
is removed as much as possible from the comparison of the
cancer incidence rates.

Many clinical studies investigate the relationship between
a study factor (e.g. risk factor or type of treatment) and an
outcome. The results can be presented in a 2 X 2 contin-
gency table, from which various measures of association or
effect can be calculated (Figure 2-1, overleaf). These mea-
sures can be reported in absolute or relative terms.

e The absolute cffect is simply the difference in means,
medians, proportions or rates between groups. Imagine
that in a hypothetical trial, 200 patients are randomly
allocated to either a new treatment for cancer (interven-
tion group) or standard treatment (control group) and
the proportion who are disease-free at 12 months is the
primary outcome measure (Figure 2-1). If 20 (10%)
patients in the intervention group and 10 (5%) patients
in the control group are disease-free at 12 months, the
absolute risk reduction is 10 — 5 = 5%. The number
needed to treat (NNT) is the number of people who
need to be treated based on the trial to prevent 1 addi-
tional event over a specified period of time. The NNT
is calculated by taking the inverse of the absolute risk
reduction. In this example, the NNT is 1/(5/100) = 20,
showing that 20 people would need to be treated to pre-
vent 1 additional recurrence at 12 months.

* These results can also be presented in terms of the out-
come of the intervention group relative to the control
group. The relative risk (sometimes called the risk

9
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Consider a hypothetical trial comparing a new treatment
for cancer (intervention group) with the standard treatment
(control group), with 200 patients in each group. The
primary outcome is the proportion of patients who are
diseasefree at 12 months. Twenty patients are
disease-free at 12 months in the intervention group
compared with 10 in the control group. The results can be
presented in a 2 x 2 table:

Not
Disease- disease-
free free Total
Treatment | 20(q) 180(b) 200
Control 10(c) 190(d) 200
Total 30 370 400

Event rate (proportion disease-free) in freatment group

= a/(a+b) = 20/200 = 10%

Event rate (proportion disease free) in control group

= ¢/|c+d) = 10/200 = 5%

Absolute risk reduction (ARR) = difference in event rates
= (a/(a+b)) = (c/(c+d) =10 -5 =5%

Number needed to treat (NNT) = 20 (1/ARR)

Relative risk = (a/(a+b))/(c/(c+d) = 10/5 = 2

Odds ratio = (ad)/(bc) = (20 x 190)/(180 x 10) = 2.11

Figure 2-1 Example of a 2 X 2 table for calculating
measures of association

Adapted from Young JM. Understanding statistical analysis in the
surgical literature: some key concepts. Australian and New Zealand
Journal of Surgery 2009;79:398-403.

ratio) compares the probability, or risk, of the event
(being disease-free at 12 months) in the two groups. In
this example, the event rate in the intervention group is
10% compared with 5% in the control group, giving a
relative risk of 10/5 = 2. This means that patients in the
intervention group are twice as likely to be disease-free
at 12 months compared with those in the control group.

The odds of an outcome are the ratio of it occurring
(numerator) to it not occurring (denominator). In contrast
to a proportion, individuals who are counted in the numer-
ator are not also counted in the denominator. For example,
if' 5 out of 20 patients develop a complication, the odds of the
complication are 5:15 or 0.33 whereas the corresponding
proportion is 5:20 or 0.25 (or 25%). An odds ratio (OR) is
the ratio of the odds of the outcome occurring in one group
compared with the odds of it occurring in a second group.
The odds ratio will be very close to the relative risk when
the outcome of interest is rare. However, for common out-
comes, the odds ratio will depart from the relative risk. See
Figure 2-1 for how to calculate a relative risk and an odds
ratio from a 2 x 2 table.

For both odds ratios and relative risks, the null value, or
value at which there is no difference between groups, is 1.

o If the likelihood of the outcome is greater in the inter-
vention or exposure group compared with the control
group, the odds ratio or relative risk will be greater than
1. The larger the value of the odds ratio or relative risk,
the stronger the association is between the study factor
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(treatment or exposure) and the outcome. An OR of
5.0, for example, indicates that patients in the treatment
or exposed group were 5 times more likely to develop
the outcome than patients in the control group, and an
OR of 1.3 means that they were 30% more likely to
do so.

* Conversely, if the outcome is less likely in the treatment
or exposed group than the control group, the odds ratio
or relative risk will be less than 1 (but cannot be below
0). A value of 0.8 means that patients in the study group
were 20% less likely to develop the outcome of interest
compared with controls, and a value of 0.5 means that
they were half as likely to do so.

INTERPRETING STATISTICAL
ANALYSIS

Part of the critical appraisal of a research study is assessment
of the logic and appropriateness of the statistical methods
used. In clinical research, the focus of much statistical anal-
ysis is hypothesis testing. Therefore, it is imperative that
the study’s hypotheses are clearly stated. The purpose of
hypothesis testing is to make a judgment as to whether the
study’s findings are likely to have occurred by chance alone.
The choice of appropriate statistical tests to achieve this is
unrelated to the design of the study but is determined by the
specific type of data that have been collected to measure the
study outcomes (‘endpoints’).

e Where individuals can be grouped into separate cate-
gories for a factor (for example, vital status can only be
‘dead’ or ‘alive’), the data are categorical. There are dif-
ferent types of categorical data. Binary data occur when
there are only two possible categories. Where there are
more than two possible categories, the data are nominal
when there is no particular order to the categories (c.g.
blue, green or brown eye color), and ordinal when a nat-
ural order is present (e.g. stage of cancer).

*  Continuous data occur when a measure can take any
value within a range (e.g. age). Within a group of indi-
viduals, the values of continuous data can follow a bell-
shaped curve that is symmetrical around the mean value
(a normal distribution), or follow an asymmetrical dis-
tribution with a larger proportion of people having high
or low values (a skewed distribution).

In addition to the type of outcome data, the number of
patient groups being compared dictates the most appro-
priate statistical test. A third consideration is whether the
comparison groups are made up of different individuals and
are therefore independent of each other (e.g. treatment and
control groups in a two-arm randomized trial), or are the
same individuals assessed at different time points (e.g. in a
randomized cross-over study). In the latter case, study data
relate to pairs of measurements on the same individual.

Slightly different statistical tests are used depending on
whether the data are independent or paired, and a biostatisti-
cian can advise about the best approaches. An example of an
algorithm to choose the most appropriate statistical test for
two independent groups is given in Figure 2-2.
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What type of
outcome measure?

\ 4 A 4 A 4 v
Continuous 2 categories >2 categories Time to event
e.g. quality of life e.g. dead/alive e.g. mild/mod/high e.g. time fo death
(QOL) score
Normally o  Small
distributed? "] numberse
4
4
Compare
Compare Compare Compare Compare ‘survival
means medians % % experience’
v v v v v v
Student’s Wilcoxon Fishers’ Chi square Various Survival
test rank sum test exact test (x2) test approaches analysis

Figure 2-2 Algorithm to select statistical tests for analyzing a surgical trial (two independent groups)

Reprinted by permission from John Wiley and Sons. Young JM. Understanding statistical analysis in the surgical literature: some key concepts.

Australian and New Zealand Journal of Surgery 2009;79:398-403.

Correlation is used to assess the strength of association
between two continuous variables. The Pearson correlation
coefficient (r) ranges from —1 to +1. A value of +1 means
that there is a perfect positive linear relationship between
the two variables, so as one increases, the other increases. In
contrast, a value of —1 means that there is a perfect negative
linear relationship, with one variable decreasing as the other
increases. A value of O means that there is no linear relation-
ship between the two variables.

Statistical tests of hypotheses generate a probability or
p value that indicates the likelihood of obtaining the result
seen in the study if the truth is that there is no effect or no
difference between groups. A conventional cut-off for p of
0.05 or less to indicate statistical significance means that
there is a 5% (or 1 in 20) chance or less of obtaining the
observed finding or one more extreme in the study if there
is truly no difference between groups.

Due to natural variability, the results from different
samples will vary and each study provides an estimate of the
true value. Confidence intervals provide a range of values
around the study finding where the true value is likely to lie.
A 95% confidence interval indicates that the true value will
lie within this range in 95% of samples.

INTERPRETING TEST RESULTS

An everyday task for clinicians is to order and interpret
tests in light of a patient’s history and clinical examina-
tion. Whenever a test is undertaken there are four possible
results:

1 the patient has the disease and the test is positive—true
positive

2 the patient has the disease but the test is negative—false
negative

3 the patient doesn’t have the disease but the test is posi-
tive—false positive
4 the patient doesn’t have the disease and the test is neg-
ative—true negative.
This can be illustrated using a 2 x 2 table (Figure 2-3,
overleaf).
Sensitivity and specificity are used to describe the accu-
racy of the test.

* Sensitivity is the percentage of affected persons with
a positive test (true positive proportion). Sensitivity
therefore means positive in disease (PID).

* Specificity is the percentage of unaffected persons with
a negative test (true negative proportion). Specificity
therefore means negative in health (NTH) (Figure 2-3).

Test sensitivity and specificity are not related to how com-
mon the disease is in the community (prevalence). The
prevalence of disease in a population, or pre-test probability
of the disease, will alter how useful the test is for an indi-
vidual patient. The positive predictive value (PPV) of a
test is the probability of disease in a patient with a positive
test, whereas the negative predictive value (NPV) is the
probability of no disease in a patient with a negative test
result. Figure 2-3 demonstrates how to calculate these val-
ues from a 2 x 2 table and shows that both PPV and NPV

are dependent on the underlying prevalence of the disease.
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DISEASE

Truly present

Truly not present

TEST Positive ~ TRUE POSITIVE FALSE POSITIVE
a b
Negative FALSE NEGATIVE TRUE NEGATIVE
c d
Sensitivity =a/la+ ¢
Specificity =d/(b+d)
Positive predictive value (PPV) =a/(a+ b
Negative predictive value (NPV) =d/(c+d)
Likelihood ratio — positive test result (LR+) = sensitivity / (1 - specificity)

=(a/la+d)/(1-d/(b+d)
=a/la+c)/(b/(b+d)

Likelihood ratio — negative test result (LR-) = (1

- sensitivity) / specificity

=1l-a/la+c /d/(b+d)
=(c/(a+d))/d/|b+d)

Posttest odds = pre-fest odds x LR

Post-test probability = posttest odds / (post-test odds +1)

Positive LR Increased probability of disease
(rule in disease) (approximate)

2 15%

5 30%

10 45%

Figure 2-3 Interpretation of test results using a 2 X 2 table

This means that a patient who has a positive test result and
who 1s from a group with a low prevalence of the disease has
a lower probability of having the disease than a patient with
a positive test result who is from a group with a high preva-
lence of the disease in question.

The likelihood ratio (LR) is another measure of the
usefulness of a diagnostic test. It provides a way of com-
bining the sensitivity and specificity of a test into a single
measure (see Figure 2-3). As sensitivity and specificity are
characteristics of the test itself and are not influenced by
prevalence, the LR is not influenced by the prevalence of
disease in the population.

e Imagine that a diagnostic test has a sensitivity of 0.95
and a specificity of 0.85. The likelihood ratio for a
positive test (LR+) is calculated by dividing the sensi-
tivity by (1 — specificity). In this example, the LR+ is
0.95/(1 — 0.85) = 6.3. The best test to rule in a discase
is the one with a LR+ near to or exceeding a value of 10.
The hypothetical test in this example does not meet this
criterion and so is only of limited value in ruling in the
disease for a patient with a positive test result.

e The likelihood ratio for a negative test (LR-) is cal-
culated by dividing (1 — sensitivity) by the specificity,
which is (1 — 0.95)/0.85 = 0.058 in this example. The

best test to rule out a disease is the one with a small
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LR~ (<0.1). The hypothetical test meets this criterion,
suggesting that the disease can be ruled out in a patient
with a negative test result.

 Likelihood ratios around 1.0 indicate that the test results
provide no useful information to rule in or rule out the
disease.

Likelihood ratios can be used to calculate the probability
that a patient has the disease taking into account the test
result (post-test probability).

* In the above example, imagine that the prevalence of the
disease (pre-test probability) in the community is 10%
or 0.1. The pre-test odds of the disease are calculated by
dividing the prevalence by (1 — prevalence), which in this
case 1s 0.1/(1 = 0.1) = 0.1/0.9 = 0.11 or 11%.

e The post-test odds are then calculated by multiply-
ing the pre-test odds by LR+. In our example, this is
0.11 X 6.3 = 0.693.

* To convert this to a post-test probability, the post-test
odds are divided by (post-test odds + 1). In our example,
this is 0.693/1.639 = 0.409 or 40.9%.

So for a patient with a positive test result, the probability of
disease has risen from 109 to 41% on the basis of the test
result.
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SCREENING

A test’s sensitivity and specificity are particularly import-
ant when evaluating a screening test. Screening is used
to detect disease in affected individuals before it becomes
symptomatic. For example, Papanicolaou (Pap) smears and
mammograms are used to detect cervical and breast cancer,
respectively, to facilitate early treatment and reduce mor-
bidity and mortality from these cancers. Before screening is
introduced, it must fulfill the following criteria:

* there must be a presymptomatic phase detectable by the
screening test

* intervention at this time will change the natural history
of the disease to reduce morbidity or mortality

* the screening test must be inexpensive, easy to adminis-
ter and acceptable to patients

e the screening test will ideally be highly sensitive and
specific (although this is not usually possible)

* the screening program is feasible and effective.

CONCLUSION

Critical appraisal is a systematic process to identify the
strengths and limitations of research evidence that can assist
clinicians to base their clinical practice on the most relevant,
high-quality studies. Critical appraisal skills underpin the
practice of evidence-based medicine.
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SELF-ASSESSMENT QUESTIONS

1 Arandomized controlled trial demonstrates that a new drug for cystic fibrosis reduces age-adjusted 10-year mortality
by 50% but does not cure the disease. The new drug has few side-effects and is rapidly adopted into the clinical care of
patients with cystic fibrosis in the community. Which of the following statements is correct?

A The incidence of cystic fibrosis will increase but prevalence will be unaffected.
B Both incidence and prevalence of cystic fibrosis will increase.

C Prevalence will increase but incidence will be unaffected.

D Neither incidence nor prevalence will change.

2 Arandomized controlled trial was conducted to investigate the effectiveness of a new chemotherapy drug to improve
1-year survival for people diagnosed with advanced lung cancer. Overall, 300 people were randomized, 150 to the new
drug and 150 to standard treatment. However, 10 people who were allocated to receive the new drug decided not to
take it as they were worried about potential side-effects. These 10 people were all alive at 1 year. At 1 year, 80 people in
the new treatment group had died, compared with 92 in the standard treatment group. How many patients need to be
treated with the new drug to prevent 1 additional death at 12 months?

A 280
B 125
C 1223
D 0.125
3 Alzheimer disease is a common condition in the community, affecting 13% of North Americans aged over 65 years.
A new test for Alzheimer disease has a sensitivity of 65% and a specificity of 80%. What is the probability that a 70-year-
old with a positive test result has Alzheimer disease?
A 0.084
B 0.104
C 0.206
D 0.326
4  Which of the following statements about randomized controlled trials (RCTs) is/are correct?
i  RCTs are always the optimal study design in clinical research.
ii  Randomization ensures that equal numbers of patients receive the intervention and control treatments.
iii  Randomization reduces information bias.
iii Randomization reduces random error.
A (i) only
B (ii) only
C (i) and (iii)
D None

ANSWERS

1 C
People who take the new drug are less likely to die, so the number of existing cases will increase, thereby increasing
prevalence (new plus existing cases in the community). However, the number of new cases is not affected, so the
incidence will remain unchanged.

2 B.

The results of the study are summarized in the following 2 x 2 contingency table.
VITAL STATUS AT STANDARD
1YEAR NEW TREATMENT TREATMENT
Dead 80 92
Alive 70 58
Total 150 150

14

Intention-to-treat (ITT) analysis should be used to preserve randomization. Using ITT analysis, it is irrelevant whether people
who were randomized to receive the new treatment actually took the drug, as all study participants are analyzed in their
original group. The proportion who died in the new treatment group is 80/150 = 0.533 = 53.3%. The proportion who died
in the standard treatment group is 92/150 = 0.613 = 61.3%. Therefore, the absolute risk reduction (ARR) is 0.613 — 0.533 =
0.08 = 8%. The number needed to treat is 1/ARR = 1/0.08 = 12.5.
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3 D.

This calculation requires four steps. First, calculate the likelihood ratio of a positive test (LR+) which is given by
sensitivity/(1 — specificity). For this test, LR+ =0.65/(1 — 0.80) = 0.65/0.20 = 3.25.

Next, calculate the pre-test odds of this patient having the disease, which is given by prevalence/(1 — prevalence). In this
situation this is 0.13/0.87 = 0.149.

Next, calculate the post-test odds by multiplying the pre-test odds by LR+. In this case, this is 3.25 x 0.149 = 0.484.

Last, convert this to a post-test probability which is post-test odds/(post-test odds + 1). Here, this is 0.484/1.484 = 0.326.
Therefore, this patient with a positive test has a 32.6% probability of having Alzheimer disease.

D

None are correct. The optimal study design depends on the research question. RCTs are the optimal study design to test
the effectiveness of new treatments, but other study designs are optimal for questions of prognosis or diagnostic test
accuracy. While trials in which equal numbers of participants are randomized to each treatment group are common,
different proportions of patients can be randomized to each arm of an RCT (e.g. 1:2 or 1:3). The purpose of randomization
is to achieve treatment groups that are equivalent, so as to reduce the potential for selection bias and confounding.
Information bias (e.g. recall bias or measurement error) would not be affected by the randomization process. Random
error is chance variation or noise, and this can only be addressed by increasing the size of the study.
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ETHICS IN INTERNAL MEDICINE

Ethics is concerned with the wellbeing of individuals and com-
munities, and with discerning what we ought to do. Ethics (or
‘moral philosophy’) is not simply a collection of attitudes, biases
or beliefs, but is a prescriptive, systematic analysis of human
behavior, and is ‘normative’—which means that it asserts how
things should be. Ethics makes evaluative statements and judges
some actions or decisions as better than others. Ethics rarely,
however, provides simple or absolute answers, instead empha-
sizing the reasons according to which one action is better than
another and the processes by which individuals and groups
should make decisions that affect others.

Medicine is ultimately concerned with the application
of knowledge and expertise to ensure the care and safety of

patients (particularly those who are most vulnerable), and to
maximize the quantity and quality of life. When seen in this
way, ethics is an inextricable part of medicine, although many
of the ethical issues that arise in clinical practice never become
the focus of attention because they are dealt with uncon-
sciously and because, for the most part, a doctor or medical
student practicing good medicine will be acting morally and
within the law. This, however, cannot be assumed.

‘What is required is that doctors and students be sensitive
to the ethical dimensions of healthcare, be aware of their own
and their patients’ values and needs, be aware of their pro-
tessional ethics and professional relationships, have the ‘moral
imagination’ to recognize that different, and perhaps better,
actions and outcomes are possible, and be willing to critically
reflect upon their decisions and behavior.
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ETHICAL THEORIES

Ethics can be divided into meta-ethics, normative ethics and
practical (or applied) ethics.

e Meta-ethics deals with foundational ethical questions,
including the meaning of concepts such as good, right,
virtue and justice.

* Normative ethics provides principles, rules, guidelines
and frameworks for guiding and evaluating the morality
of actions.

¢ Practical ethics, which includes bioethics, research eth-
ics, clinical ethics and public health ethics, refers to the
consideration of ethical questions in particular contexts.

There is a great range of ethical theories and frameworks.
The main schools of ethical thought are deontology, consequen-
tialism and virtue ethics.

* Deontology refers to a type of ethics based upon
duties. Deontological justifications usually rely upon
rules, principles or commandments (Table 3-1).

Table 3-1 Examples of deontological statements

BASIS

Rules

EXAMPLES

Do not give a deadly drug to anyone
nor make a suggestion to this effect
(from the Hippocratic Oath)

Principles Respect for autonomy
Beneficence
Non-maleficence

Justice

Commandments | Thou shalt not kill

* Consequentialism refers to an approach to ethics that
evaluates the morality of actions according to their con-
sequences (Box 3-1). Utilitarianism, which is a form of
consequentialism, defines the right action as that action
which achieves the greatest good for the greatest num-
ber, where good is variously defined as pleasure, happi-
ness, preference, satisfaction or benefit.

Utility

Equality

Cost

Equity

e Virtue ethics looks at the character of the ‘actors’
involved in an ethical decision (Box 3-2). For Aristo-
tle, the principal theorist of virtue ethics, wisdom and
virtue could be learnt through practice, with the vir-

tuous person acting in a way consistent with a ‘golden
mean’ between two extremes of character: being brave
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rather than cowardly or foolhardy, or thrifty rather than
miserly or extravagant.

Truthfulness
Equanimity
Attention to detail

Empathy

In the practice of internal medicine, physicians commonly jus-
tify their actions using a range of principles, rules and virtues.
This approach is known as pragmatism. For example, a phy-
sician may not offer intensive care to patients with end-stage
chronic obstructive pulmonary disease on the grounds that
they are likely to have a poor quality of life—a consequentialist
argument. Or, they may warn a patient of the rare side-effects
of a necessary treatment, even knowing that this might scare
the patient, because they feel that patients should always be
made aware of material risks—this is a deontological approach.
Or, they may decide that they have to inform a patient that a
mistake has been made because to do otherwise would be dis-
honest—an argument that may arise from virtue ethics.

ETHICS AND THE LAW

The relationship between ethics and the law is extremely
complex, as ethics both forms the basis of law and is shaped
or enriched by it. Ethics and law share many characteris-
tics, such as a commitment to critical reasoning, logical
argumentation, discretionary decision-making, and critical
reflection. However, they also differ in important respects.
The law is precise, specific, and compulsory, and incorpo-
rates punishment and legal sanction. Ethics, in contrast, is
flexible, dynamic, action-guiding in new and emergent sit-
uations, and open to disagreement.

Although the law is the final civil or political authority,
ethics 1s the higher moral authority; and so any law may be
judged to be invalid, inappropriate or unethical. It is not
correct that in order to act ethically one only need act in
accordance with the law. At the very least, physicians should
incorporate an understanding of both ethics and the law into
their clinical practice, recognize that clinical situations may
raise ethical and legal issues, and identify where they need
ethical, legal and/or professional guidance.

ETHICS, EVIDENCE AND
DECISION-MAKING

‘When we make an ethical decision it is important that we
can justify it. In internal medicine, justification of many
decisions is done by reference to the evidence base of
the decision. This straightforward approach is not available
in ethics.



In the 18th century, the philosopher David Hume
pointed out that there is a major difficulty in moving from
statements of evidence (‘is’) to statements of ethics (‘ought’).
Hume suggested that there is no logical way to go from a
statement about how the world is to a statement about how
it ought to be, or what we ought to do to get it there. These
are important insights because they remind us that data or
‘evidence’ (which can be loosely defined as data to which
we attach value) do not tell us how we should act—as such
decisions are inevitably issues of value and judgment.

CLINICAL ETHICS: THEORY
AND FRAMEWORKS FOR
DECISION-MAKING

When we are making or justifying an ethical decision, it is
often useful to look carefully at the facts of the case and the
literature around similar cases. This gives us the ‘is’ of the deci-
sion. It is also useful to look at the ethical reasoning around the
decision. This helps us in looking at the ‘ought’ of the case.
However, when it comes to actually making the decision
we may still be left with a whole range of personal beliefs,
personal values, religious values, cultural norms and feelings
that differ from person to person, and that somehow still
need to be negotiated. It is important to note that ethics in
medicine is not solely the domain of physicians but can be
understood in many different ways by different individuals,
and through different professional and personal perspectives.
A number of frameworks have been proposed to guide
clinical decision-making. These include case-based reason-
ing, narrative ethics (which emphasizes a patient’s ‘story’)
and, most influentially, ‘principle-based ethics’.
Principle-based ethics focuses on four central and two
derived principles for ethical conduct:
* autonomy
* beneficence (doing good)
e non-maleficence (not doing harm)
e justice
o veracity (truth-telling)
e confidentiality/privacy.
In any situation, each of these principles (which are import-
ant in themselves) must be specified and balanced by other
principles and by rules. For example, respect for autonomy
requires that a patient’s consent is sought before commencing
therapy, but it does not require that a patient’s choices must
always be complied with, irrespective of their impacts upon
others, their rationale or their cost. Rules must also be articu-
lated to clarify who can consent, what capacities are required
before one can consent, and what should be done where a
person is unable, because of illness, to consent.
Principle-based ethics is deceptively simple and has been
criticized on the grounds that this simplicity may obscure
considered ethical reflection. However, reference to ethical
principles provides a useful language and structure for ethical
deliberation in clinical practice. In Box 3-3 (overleaf) we have
suggested a more detailed framework that takes account of
some of the criticisms that have been made of principle-based
approaches to clinical ethics.
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TEACHING ABOUT ETHICS

Physicians often need to explain and teach others about the
decisions they make. Medical school teaching about ethics
tends to concentrate on three areas: ethical sensitivity (being
aware that there is an ethical issue), ethical knowledge (includ-
ing knowledge of theories and the law), and ethical reasoning.
Good students, who are sensitive, knowledgeable and rea-
sonable, can still come to different decisions because of dif-
ferences in values. When teaching about ethics, physicians
must make space for others’ views and opinions.

PHYSICIAN—-PATIENT
RELATIONSHIPS AND
PROFESSIONALISM

The relationship between physicians and patients is based
largely upon trust. Hall and colleagues' have defined trust
in healthcare as ‘the optimistic acceptance of a vulnerable
situation in which the truster believes the trustee will care
for the truster’s interests’. This definition seems to suggest
that the difference between trust in healthcare and trust in
other situations is that in healthcare, the truster (the patient)
is already vulnerable, and the trusting relationship arises not
from the truster making themselves vulnerable, but from
them optimistically accepting this situation.

It can be seen that trust occupies a morally difficult part
of the domain of healthcare. Because of this, it is of great
importance that any factors that may mitigate against trust
are minimized. This means that physicians must be care-
ful to maintain appropriate interpersonal boundaries with
patients, and accept the oversight provided by bodies con-
cerned with governance and accreditation. One of the goals
of professional codes is to allow patients to trust members of’
the professions in the assurance that professional organiza-
tions regulate their members.

TRUTH-TELLING

It is generally expected that physicians have a duty to tell
the truth. Truth is a complex concept in medicine, as it
may involve probability judgments as well as expert under-
standings that can be difficult to convey fully. While the
moral duty to tell the truth applies to everyone in society,
truth-telling is seen to be particularly important in medicine
because patients can only make informed decisions if they
are in possession of sufficient information.

Truth-telling in medicine can be seen as one manifes-
tation of respect for patients, as a way to improve health
outcomes by involving people in their own care; and as a
way to maintain trust between a physician and a patient.
While it is sometimes argued that there may be situations
in which it is appropriate to lie to a patient in order to avoid
distressing them (an act referred to as ‘therapeutic privi-
lege’), or that cultural respect may require that patients are
not told about their diagnoses, or that there is a ‘right not
to know’, for the most part research supports the act of
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Clearly state the problem

« Consider the problem within its context and attempt to distinguish between ethical problems and other medical, social,

cultural, linguistic, and legal issues.

« Explore the meaning of value-laden terms, e.g. ‘futility’, ‘quality of life".

Get the facts

e Find out as much as you can about the problem through history, examination and relevant investigations.
« Take the time to listen to the patient’s narrative and understand their personal and cultural biography.
» Are there necessary facts that you do not have? If so, search for them.

Consider the relevant ethical principles and concepts

« Autonomy: What is the patient’s approach to the problem?
» Beneficence: What benefits can be obtained for the patient?

«  Non-maleficence: What are the risks and how can they be avoided?

« Justice: How are the interests of different parties to be balanced?

» Confidentiality/privacy: What information is private and does confidentiality need to be limited or breached?

» Veracity: Has the patient and their family been honestly informed and is there any reason why the patient cannot know

the truth?

* Are there other ethical concepts or issues that are particularly relevant to this case, such as vulnerability or trust?

Consider how the problem would look from another perspective or using another theory

*«  Who are the relevant stakeholders? What is their interest? What do they have to lose? How salient are their interests?
How powerful are they? How legitimate are they? How urgent are they?

» How would the problem look from an alternative ethical position? For example, consequentialist, rights-based, virtue-

based, feminist, communitarian, care-based.

Identify ethical conflicts

» Explain why the conflicts occur and how they may be resolved.

Consider the law

« |dentify relevant legal concepts and laws and how they might guide management.
» Examine the relationship between the clinical-ethical decision and the law.

Make the ethical decision

» Clearly state the clinical-ethical decision, justify it, enact it and evaluate it:

» ldentify ethically viable options.

» Make the decision and justify it, for example by detailing how relevant ethical principles were specified and balanced
and by clarifying what issues or processes were considered most significant, and why.

» Take responsibility for the decision.

»  Communicate the decision and assist relevant stakeholders to determine an action plan.

» Document the decision.
» Assist/mediate resolution of any conflict.
» Evaluate the decision.

Kerridge I, Lowe M and Stewart C. Ethics and law for the health professions, 3rd ed. Sydney: Federation Press, 2009.

truth-telling, showing that it enhances coping, compliance
and the physician—patient relationship. As a consequence,
concealing the truth from patients is now generally felt to
be unjustifiably ‘paternalistic’ and in most clinical encoun-
ters the issue is not so much whether to tell the truth but
rather when and how to do so (e.g. with compassion, tact,
timeliness, and sensitivity).
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CONFIDENTIALITY

Patients often reveal private information to their physi-
cians because they believe that doing so will benefit them
and because they trust that this information will not be dis-
closed to others without their consent. There are, however,
a number of limits to clinical confidentiality that have been



established by law. In some jurisdictions or situations, phy-
siclans may be required by law to report blood alcohol lev-
els, actual or potential acts of violence, and the presence of
infectious diseases.

The information age has brought up many new ques-
tions about the limits of confidentiality now that new tech-
nologies that allow greater sharing of information have been
developed. As a society we are still learning to deal with
what is allowable in e-mail, blog posts, social media pages,
cloud storage and shared information systems. Healthcare
workers will need to address some of these issues from first
principles rather than from widely recognized guidelines.

It is often difficult to maintain confidentiality where care
is delivered by teams rather than individuals, where patients
move between different healthcare contexts, and where
medical information is stored electronically. Nevertheless,
physicians need to continue to respect their duties regarding
confidentiality if they are to expect patients to reveal private
and potentially stigmatizing or embarrassing information
about themselves.

CONSENT

Consent is the primary means by which respect for auton-
omy is realized, and one of the key ways in which the
healthcare system ensures that patients are actively involved
in decisions about their healthcare. Key legal justifications
for consent include as a defense against a charge of assault,
and as part of a defense against some charges of negligence.
Internal medicine is often non-procedural, so the question
of assault may not arise. However, patients still need to con-
sent to investigations, medications, and communication
with others because of the second justification.

For consent to be ethically and legally valid, it must occur
without coercion, the patient must be informed of ‘material’
risks, and they must have the capacity to understand and give
consent. In a negligence case, the litigants must prove (among
other things) that a physician has breached their duty of care.
If it can be shown that there was a problem with the con-
sent process—e.g. the patient was not informed of material
risks—then this might be used to demonstrate such a breach.

There is often disagreement about what information
should be provided to patients in any given situation, par-
ticularly about what risks should be discussed, or how it is
determined what risks are material. However, it is generally
accepted that ‘adequate disclosure’ would include informa-
tion about:

e diagnosis (including degree of uncertainty about this)
e prognosis (including degree of uncertainty about this)
e options for investigations and treatments.

 likely burdens and benefits of investigations and treat-
ments (including possible adverse effects, time involved,
and likely cost)

e whether the proposed treatment is established or
experimental

e who would carry out the intervention

e the consequences of choosing or not choosing the
intervention.
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While this list provides a guide to what should be discussed
with patients in order to ensure that they can provide con-
sent to treatment, the nature of the information given might
be modified by the seriousness of the patient’s condition, the
nature of the intervention, the riskiness of the intervention,
and the patient’s understanding and need for information.

MENTAL COMPETENCE

It is broadly accepted that patients should be allowed to make
decisions about their own medical care. Unfortunately, not
everyone is able to do so.

There are two different terminologies used for describ-
ing the inability to decide for one’s self: impaired ‘com-
petence’, and impaired ‘decision-making capacity’. Some
authors make a distinction between these two terms, refer-
ring to ‘competency’ as a legal decision made by a judge that
a patient 1s able to make medical decisions for themselves;
and ‘decision-making capacity’ as a physician’s determina-
tion based on clinical examination that a patient is able to
make medical decisions for themselves. In the clinical set-
ting, these terms are often used interchangeably.

Competence is usually assessed in terms of a particular
decision that a patient has to make. When assessing compe-
tence, it is important to carefully talk through the decision
with the patient, and judge whether their decision appears
to be rational. However, it is also important to attempt
to get a more general view of a person’s decision-making
skills—this is usually done by a cognitive assessment such as
a mini-mental state examination (MMSE). More complex
decisions require greater mental competence to work
through. Where there are serious consequences to decisions,
clinicians must try to be as certain as possible about whether
the patient is competent or not.

Cognitive assessment is not the same as competence assess—
ment. A person can be cognitively intact but have impaired
decision-making capacity for some decisions, or a person may
be cognitively challenged but have decision-making capacity.
In a young person, the most common causes of impaired deci-
sion-making capacity are probably psychiatric conditions. In
an elderly person, the most common cause of impaired deci-
sion-making capacity is dementia. This means that impaired
cognition is a better indicator of impaired decision-making
capacity in the elderly than in the young,.

Consent for non-competent people:
best interests and advance care
planning

In healthcare settings it is common for patients to be unable
to give valid consent themselves, so other ways of involving
the patient in decisions about their healthcare often need to
be found. In some cases a patient has previously expressed
their wishes, either in a written document (an advance direc-
tive) or through a legally recognized process (advance care
planning). While advance directives are often not available,
it is important to establish whether the patient has already
made decisions about their own care.

If evidence of advance planning is not available, decision-
making for patients who cannot decide for themselves is

21



Essentials of internal medicine

usually done through the use ofa ‘surrogate decision-maker’.
The law typically provides for various mechanisms of substi-
tute decision-making, including:

e guardianship or orders from a court or guardianship
authority (a guardian is a person who is appointed by
a court or guardianship authority to make decisions on
behalf of an incompetent adult)

* enduring powers of attorney over health matters

e ‘persons responsible’ (many jurisdictions now grant
rights to relatives and close friends to consent to treat-
ment and have a ‘hierarchy’ of possible decision-makers,
including a  court/tribunal-appointed = guardian; an
enduring guardian; a spouse in a close and enduring
relationship with the patient; an unpaid primary carer;
or a close friend or relative)

 statutory health attorneys.

Surrogate decision-makers may decide for patients either by
considering a patient’s ‘best interests’ or by attempting to
understand what decision the patient themselves might have
made had they been competent to do so. The latter process
is called ‘substituted judgment’.

Courts, guardianship authorities and guardians are gen-
erally required to make decisions in the ‘best interests’ of the
patient. It is often difficult to define (medically, ethically and
legally) what is actually in the patient’s best interests, but this
generally includes both medical and social factors and their
impact on the patient’s life. Although it remains controver-
sial (in law, but not in ethics or medicine), it is now largely
accepted that there may be situations in which withdrawal
of treatment may be in a person’s best interests—even where
this may hasten their death.

Increasingly, surrogate decision-makers are urged to
make decisions based on a substituted judgment rather than
a decision from best interests criteria. While the evidence
suggests that in the absence of a clear advance directive it is
often very difficult for substitute decision-makers to make an
accurate substituted judgment, from an ethical perspective it
is certainly worthwhile encouraging them to try to do so.

In the absence of either an advance directive or a substitute
decision-maker, a physician may provide treatment without
explicit consent as long as the treatment is, in their opinion,
an emergency treatment that cannot be postponed until an
appropriate decision-maker is found. Hospitals will generally
have their own administrative procedures for when such cir-
cumstances arise, such as notifying medical directors or seek-
ing second opinions.

END-OF-LIFE AND FUTILITY

Internal medicine is intimately concerned with matters of
life and death; and end-of-life situations are probably more
common in internal medical specialties than in any other.
This means that physicians working in internal medicine
need to be well prepared and comfortable in dealing with
patients at the end of their lives.

One of the more important aspects of end-of-life care
is that clinicians are aware that the patient is near the end
of their life, and that they develop a way of discussing this
with the patient and their family. In many cultures, such
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discussions are expected to be oblique rather than direct,
and physicians will need to tread a careful path between
being sensitive to cultural norms and giving the wrong mes-
sage. For example, overuse of cuphemisms (e.g. ‘passing on’)
might mean that the patient or their family do not under-
stand what is happening.

There is sometimes potential for disagreement in end-of-
life decision-making. Two areas of disagreement are where
the physician believes that aggressive treatment is warranted
but the patient or family does not, and where the patient or
family believe that aggressive therapy is warranted but the
physician does not. There is also often disagreement among
family members about these points.

* In the first situation, the patient’s rights are protected by
the need for valid consent, and the physician must take
care to present treatment options appropriately and not
coerce the patient and their family.

e The second situation—where the patient or fam-
ily wants to have aggressive therapy that the physician
believes is inappropriate—is often discussed by refer-
ence to the concept of ‘futility’.

Futility has been defined both by attempting to quantify it
numerically, and by attempting to define it qualitatively as a
situation in which patients cannot reach their desired goals
or outcomes. Both of these definitions run into difficulties.
Another approach to the question of futility is to define it
as a disagreement in goals between patients, families, and
treating staff. Defining it in this way does produce some
approaches that may allow the situation to be resolved—by
resolving the disagreement. This might involve both greater
attempts at communication and also the development of
institutional guidelines for when such situations occur.

Cardiopulmonary resuscitation (CPR)

End-of-life decision-making often includes decisions
about instituting CPR. Most hospitals will have clear pol-
icies about CPR which will include guidelines as to when
‘no CPR’, ‘DNR’ (do not resuscitate) or ‘NFR’ (not for
resuscitation) orders may be written and how this should
be done.

Hospital policies often overlook the fact that the major
aim of CPR directives is to institute communication
between physicians, patients, patients’ relatives and other
health professionals about the goals of care and medical
management at the end of life. In some situations, this will
take the form of preparing a patient to make a decision about
whether they wish to have CPR undertaken in the event of
a cardiac arrest. In other situations, the aim will be to ensure
that the patient and their family know that CPR will not
be offered or performed. In all situations, CPR discussions
need to be approached sensitively and seen as just one small
part of a more comprehensive management plan.

DIGNITY AND THE CARE OF
THE ELDERLY

An increasing number of physicians’ patients are elderly
people with chronic disease. A key goal in management of



such patients is to maintain their dignity and sense of self. It
is important to realize that much of who we are as persons is
tied up in our social selves, so that we can appreciate elderly
people’s dignity best within their social settings.

Hughes? has suggested a number of ethical principles
for the medical care of patients with dementia. He suggests
that while it is possible to have a good life with dementia in
appropriate circumstances, the tragedy of this disease should
not be overlooked. He also makes the important point that
we should continue to regard each person with dementia as
someone whose personhood is somehow maintained—even
if it is increasingly difficult for onlookers to access.

This last point is often misunderstood and needs to be
emphasized. If an elderly patient with severe dementia is
admitted to hospital, and a decision is made to not proceed
with life-saving care, it is important that this be done from
a sense of maintaining the best interests of a valued person,
rather than dismissing the claims of a person ‘without value’.

CONFLICT OF INTEREST
AND THE PHARMACEUTICAL
INDUSTRY

All doctors have competing interests, and each professional
or personal role that we have 1s associated with a different set
of competing moral, social, and professional imperatives. In
ethical terms, what is necessary is to establish whether any of
these divergent interests constitute a genuine conflict of inter-
est, such that one’s commitment to patient care, research
or teaching is distorted or subverted. This is a matter both
for considered personal reflection and for the judgment of
peers and the community. Role conflicts can occur between
doctors’ roles as carers and advocates for patients, as agents
for spending, as educators, as researchers, and in numerous
other roles.

Relationships  between medical professionals and
health-related industries (particularly the pharmaceutical
industry) have long been a source of intense debate—both
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because physicians act as ‘gatekeepers’ for the provision of
expensive services and because of public and professional
concerns that such relationships may become corrupted.
There is concern that relationships between physicians and
the pharmaceutical industry may increase the costs of health-
care, create ‘gift relationships’ of reciprocity and mutual obli-
gation, encourage prescribing of medicines that are either not
needed or are more expensive than existing alternatives, and
ultimately subvert the (proper) goals of medicine.

Unfortunately, it is not always casy to define or rec-
ognize conflicts of interest and their management is often
not straightforward. While all would agree that competing
interests should be declared, this is not in itself sufficient to
prevent their abuse, and it is important for individual physi-
cians and students to consider whether any new relationship
or activity represents a real, potential, or perceived conflict
of interest. The profession as a whole also needs to develop
rigorous, transparent, and acceptable processes for managing
competing interests and for clarifying the circumstances in
which they should be managed. Some ways in which com-
peting interests can be managed include through declara-
tion, but also through consultation with others, abstention
from situations where they occur, and through divestment
or separation of relationships with pharmaceutical compa-
nies and with those pertaining to patient care. This is often
not straightforward.

In general, physicians should avoid actual and perceived
conflicts by not accepting meals, gifts, ghost-authorship,
support for partners and family members, or industry-
produced educational resources; and should accept research
and educational support only under very limited and con-
trolled circumstances.
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SELF-ASSESSMENT QUESTIONS

Choose the MOST correct answer for each of these questions.

1
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A 46-year-old man presents to the Emergency Department with a life-threatening gastrointestinal hemorrhage (GIH).
He has a card with him that states that he is a Jehovah's Witness and will not accept a blood transfusion. Despite every
effort to control his GIH, he continues to bleed. As he becomes more shocked, he becomes agitated and panicky and
starts saying that maybe he will accept a blood transfusion. In this situation, the doctor’s initial responsibility is:

A To follow the patient’s advance directive.

B To discuss with the patient’s family to ascertain whether they would allow the medical staff to overrule his directive
and give a transfusion.

C To contact the Jehovah's Witness local liaison committee to provide the patient with support.

D To assess the patient’s mental capacity and see whether he is no longer competent to make a decision.

E To contact the hospital lawyer about whether the patient’s advance directive can be overridden.

As part of your specialist practice, you become aware that one of the local family physicians is making poor decisions
about patients. At times this has resulted in late diagnoses and inappropriate medication use—falling far short of a
reasonable standard of care. Which of the following statements is most correct?

You should always discuss your concerns with the physician first—it is unfair to judge the physician without hearing
his/her side of the story.

This should be discussed as part of the hospital morbidity and mortality meeting.

You should notify the local family physician organizations.

You should contact the medical registration authority to seek advice.

You should encourage patients under the care of this physician to raise concerns about their management with
him/her.

A woman with advanced dementia is admitted to the hospital at the end stage of the disease. She is semiconscious,
and has apparently been so for some time. The patient’s son says his mother is staunchly religious (Roman Catholic)
and has always been opposed to euthanasia and mercy-killing. He requests a percutaneous endoscopic gastrostomy
(PEG) tube, saying that he believes that it would make her more comfortable. He is the appointed guardian of his
mother. Which of the following is most true?

PEG tubes do not increase the lifespan of people with dementia, so it should not be offered.

Since he is the guardian, his request must legally be accepted.

A PEG tube may be used because it fulfills a clear therapeutic aim (making the patient more comfortable); however,
you are not bound to follow the instructions of a guardian if you believe it is against the patient’s best interests.
Although he is the guardian, he has no real say in his mother’s medical decisions.

Because the Roman Catholic Church does not require tube feeding in this circumstance, it should not be offered.
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An unconscious patient with a cerebral hemorrhage is a registered organ donor on the national register of organ donors.
The advice of the register is that he has consented to being an organ donor. The senior physician in the intensive care
unit believes that it may be appropriate to discuss organ donation with the family. When she raises the subject of organ
donation with the patient’s partner, he says that he could not bear to think about organ donation because he is too upset
and that he cannot bear the thought of his partner being ‘cut up like that'. Which of the following is most true?

A person may express a wish to consent to organ donation during their lifetime, but health professionals are not
bound to take the person’s organs.

The consent of a possible donor can be overturned by a family member but not a de facto partner.

The preferences of partners or family members cannot be taken into account in these circumstances.
Advance directives may be overridden if a person is no longer competent.

Advance directives have no basis in law—they are merely expressions of a person’s wishes.
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A 23-year-old-woman with a past history of chronic fatigue syndrome presents with an acetaminophen (paracetamol)
overdose. She states that she refuses treatment since her life is hell and she wishes to die. Her mini-mental state
examination (MMSE) score is 30/30. Which of the following responses is most correct?

An order for compulsory treatment while she is undergoing psychiatric assessment should be completed, and she
should be forcibly treated while awaiting full assessment.

The patient should be referred to palliative care services as she is likely to die without treatment.

Because she has a normal MMSE score, she must be presumed to be mentally competent.

This person must be assumed to be mentally incompetent until proven otherwise.

An act of attempted suicide is, by definition, evidence of depression.
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A patient with severe alcoholic dementia and a mini-mental state examination (MMSE) score of 17/30 is found to
have a large basal cell carcinoma on the cheek. On discussion, he seems to understand that it needs to be resected
as otherwise it will eat into the surrounding tissues. He understands that he will need skin grafting and that he will
not have a perfect cosmetic appearance afterwards. His main concern is that the operation ‘will not make him into a
vegetable’, and he can be reassured about this. With regard to the decision to have the surgery:
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Because this patient has a low MMSE score, he cannot be allowed to make this decision.

Because the cancer will eventually be life-threatening, he can be operated on without his consent using common
law criteria.

The patient seems to be unable to understand that his facial nerve may be damaged in the operation. Because he
cannot understand this ‘material risk’, he cannot be allowed to make this decision.

If some relatives for him can be found, they can be used as surrogate decision-makers.

The patient can consent to the decision because he is presumed to be competent and he understands the
procedure and the risks that are material to him.
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ANSWERS

1 D.

This follows from the discussion in the chapter about competence. If the patient is competent, he can accept a
transfusion even if this goes against his previously expressed wishes. If he is not competent, then his advance directive may
stand but legal advice will need to be urgently sought. Competence is presumed in adults and must be disproved before a
person can be found incompetent.

2 D.

This is a question of professional regulation and hence the medical authority is an appropriate first step. There may be
confidentiality issues with answers B and C. Answers A and E are unlikely to be effective if the doctor is truly impaired, but
may delay investigation by the medical authority.

3 C

This is a question of ethical reasoning. Answers A, B, and E are examples of inappropriate reasoning from facts to values.
Answer D is simply incorrect.

4 B.

Registration on an organ donor register is a form of express consent which is widely recognized. However, there is no
obligation to take organs from a donor. In some states or countries, the consent of the donor can be overridden by family
members, including de facto partners; while in others, there is no legal requirement to confer with the family if the donor
has expressed consent during their lifetime. However, even where it is not necessary to confer with family members, it

is common for this to occur out of ethical and sociocultural concern for the impact of donation on family members.
Advance directives are concerned with treatment of living patients and are not relevant to donation, although it may be
possible to have expressed donation consent within one. If that has occurred, the express consent would be the only
legally relevant issue and the rest of the directive would become ineffective on the death of the patient.

5 A

Mental health laws provide for compulsory treatment when a person is suffering from a mental illness or disorder and they
are a danger to themselves or to others. Answer A is the most correct at the time of writing.

6 E.

Adult patients are presumed to be competent. This assumption may be disproved by evidence that the person cannot
understand the nature and the effects of treatment being offered, or where a patient is unable to communicate a decision.
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CLINICAL PHARMACOLOGY

CHAPTER OUTLINE

1. PRINCIPLES OF CLINICAL
PHARMACOLOGY
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* PHARMACOKINETICS

— Administration

— Bioavailability (F)
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— Acetaminophen (paracetamol)

Non-steroidal anti-inflammatory drugs (NSAIDs)
Tricyclic antidepressants

Newer antidepressants

Newest antidepressants

Newer antipsychotics

Benzodiazepines

Insulin and oral hypoglycemics

e DRUGS OF ABUSE OR MISUSE

Amphetamines

Cocaine and crack cocaine
Gammahydroxybutyrate (GHB)

Opioids, e.g. heroin or morphine
Prescription drug abuse

Synthetic cathinones, e.g. ‘vanilla sky’, ‘ivory
wave'’

— Synthetic cannabinoids, e.qg. ‘spice’, ‘K2’
— Drink spiking
e CHEMICALS

— Acids and alkalis
— Chlorine

— Pesticides

— Lead poisoning

* SPIDER BITES
* SNAKE BITES
e MARINE ENVENOMATION

e TERRORISM, AND USE OF MEDICAL
COUNTERMEASURES

— Chemical agents
— Biological agents

Clinical pharmacology is the clinical and scientific discipline
that involves all aspects of the relationship between drugs
and humans. In considering this relationship, it is useful to
consider drugs both in individual patients (pharmacother-
apy) and in populations (pharmacoepidemiology). This
chapter on clinical pharmacology has three sections.

1 Principles of clinical pharmacology—the steps from
drug ingestion to drug effects; ‘what the body does to
the drug’ (pharmacokinetics) and ‘what the drug does
to the body’ (pharmacodynamics).

2 Quality use of medicines (QUM)—the tools of safe,
effective and rational use of drugs in individuals and in
populations.

3 Clinical toxicology—understanding and manag-
ing supratherapeutic (toxic) doses of drugs and other
substances.

1. PRINCIPLES OF CLINICAL
PHARMACOLOGY

INTRODUCTION

Pharmacotherapy has two components, patient and drug(s);
and two processes, pharmacokinetics and pharmacodynam-
ics. Pharmacokinetics (PK)—iwvhat the body does to the drug—is
about the factors affecting drug exposure. Pharmacodynam-
ics (PD)—what the drug does to the body—is about the factors
affecting drug effects.

Drug effects differ between individuals. Understanding
and managing therapeutic variability requires consideration
of both drug and patient.

 In clinical practice, patients are treated with therapeutic
intent using drugs at doses
» to maximize potential benefit, and
» to minimize potential harm.
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e In clinical studies, groups of patients are studied:
» to define therapeutic doses for a population
» to consider whether there are sub-populations of
response (for future pharmacokinetic and dynamic
rescarch)
» to describe drug disposition, and
» to describe and quantify drug effects.

Applying the information derived from clinical studies to clin-
ical practice is based on a thorough understanding of pharma-
cokinetic and pharmacodynamic variability and therefore the
relevance of trial data to an individual patient—these usually
vary greatly from the average of the population studied.

Treatment of a patient with a drug can be described by
the interaction between drug and patient through multiple
steps (Figure 4-1).

Administration

e adherence e route
Prescription - - - » Dose
— Bioavailability
Pharmacokinetics e absorption
e firstpass
metabolism
+ activation
Clearance
° metobf)lism .
® excretion T .
Concentration
Distribution
e diffusion

® transport

Pharmacodynamics

Effect/s

® concentration at target
e affinity to target
e molecular effect/s
Patient <--- e physiological effect/s

hedlth

Figure 4-1 Pharmacotherapy, from prescription to
health



PHARMACOKINETICS

Pharmacokinetics, what the body does to the drug, is mainly
about the relationship between drug dose and drug concen-
tration at steady state (C). This can be understood by con-
sidering the active drug from administration to excretion
and all points in between. Inactive drug metabolites are not
biologically important and can usually be ignored.

To understand and apply pharmacokinetics, some math
is necessary. For example, doubling a drug dose usually
results in doubling the drug concentration.

CLINICAL PEARLS

The ABCD of pharmacokinetics:

A Administration—drug dose and route

B Bioavailability—percentage of the drug dose reach-
ing the systemic circulation

C Clearance—removal of drug from the systemic
circulation

D Distribution—transport of drug to the site(s) of action
and distribution within the body

Administration
Administration of a drug involves dose and route.

* Dose is amount per time and is usually given by drug
mass (e.g. mg) and frequency (e.g. daily). Duration of
dose is important, as it takes time (4-5 lives) to reach
steady-state concentration, and can take longer to
achieve therapeutic effects.

* Route of administration is important to drug disposi-
tion. The most common route is oral, but every con-
ceivable route is used to administer drugs, depending
on the physico-chemical characteristics of the drug.
The route of administration affects both the rate and the
extent of the drug reaching the systemic circulation.

Bioavailability (F)

Bioavailability is the proportion of the drug dose that reaches
the systemic circulation. For orally administered drugs, bio-
availability is made up of absorption and first-pass hepatic
extraction. For orally administered drugs, there are three
steps in reaching the systemic circulation:

1 Ingested drug must remain intact in the gastrointes-
tinal (GI) tract to reach the apical membrane of the
enterocytes.

2 The drug must cross the gut wall into the portal cir-
culation—drug absorption. The proportion absorbed
1s determined by drug transport (discussed later) across
both the apical and the basolateral membranes of
the enterocyte and by any drug metabolism within the
enterocyte.

3 The drug must pass from the portal circulation through
the liver to the systemic circulation. First-pass hepatic
extraction is the proportion removed by the liver.

Bioavailability is expressed as a percentage. For a drug with
high bioavailability (>70%), variability between individuals
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is not usually important. However, for a drug with low bio-
availability, variability causes some patients to be exposed to
more drug and others to less drug. For example, for a drug
with 109 bioavailability, 90% of the drug is removed before
reaching the systemic circulation. If this is halved (i.e. only
45% is removed), then 55%, or about five times as much, of
the drug will reach the circulation. Conversely, if the pro-
portion of drug removed is only marginally increased from
90%, all the drug may be removed and hence no drug will
reach the target. Food—drug interactions (e.g. grapefruit
juice and simvastatin, or food and oral bisphosphonates)
can affect absorption, and drug—drug interactions can affect
absorption and/or first-pass metabolism. These are partic-
ularly an issue for drugs with low bioavailability. A partic-
ular case in hospitalized patients is enteral feeding with the
potential for interactions affecting drug absorption.

Clearance (CL)

At steady state, the rate the drug enters the circulation (bio-
availability X dose amount x dose frequency) equals the rate
the drug leaves the circulation (elimination). Elimination is
dependent on both drug concentration and the capacity of
the body to remove the drug, which can vary greatly. The
capacity of the body to remove the drug from the circula-
tion is drug clearance, or more accurately apparent drug
clearance.

Clearance (L/h) is defined experimentally as dose
amount (mg) divided by area under the concentration—
time curve (AUC) (h.mg/L). Clinically this corresponds to
dose (mg/h) divided by average concentration (mg/L). If a
patient has reduced clearance of a drug, the maintenance
dose should usually be reduced proportionally, e.g. half the
normal clearance = half the usual dose. Likewise, if a patient
has high clearance of a drug, the maintenance dose should
usually be increased proportionally, e.g. twice the normal
clearance = twice the usual dose.

dose x bioavailability
average steady-state concentration

clearance

amount/time X percent Equation 1

volume/time
amount/volume

Equation 1 illustrates that clearance and bioavailability

determine steady-state drug concentration for any given

dose. Hence changes in clearance and bioavailability need

to be considered when choosing a maintenance drug dose.
Drugs are cleared from the body in two ways:

1 by metabolism to inactive metabolites
2 by excretion of active drug.

The most important method of clearing active drug is by
metabolism, and most drug metabolism occurs in the liver.
Excretion of active drug is most commonly in urine but may
also be in feces, in breath or in other body fluids.

Drug metabolism

Drug metabolism usually involves converting a biolog-
ically active molecule to one or more biologically inactive
molecule(s). Some drugs have an active metabolite, and
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occasionally drugs have several active metabolites. All active
drug moieties are eventually cleared by metabolism or excre-
tion. In most cases there is one drug moiety responsible for
most of the activity and others can largely be disregarded.

Drug metabolism is mediated by enzymes that evolved
in the biological ‘arms race’ between animals and plants.
These enzymes serve as the defense against toxic xenobiot-
ics ingested when animals eat plants, and their importance
to drug treatment is that they inactivate drugs ingested by
patients.

The cytochrome P450 enzymes (CYPs) catalyze oxida-
tion and reduction reactions (Figure 4-2). Other enzymes
catalyze conjugation reactions such as glucuronidation by
the uridine diphosphate (UDP)-glucuronosyltransterases
(UGTs). Oxidation/reduction and conjugation are the two
major methods of drug metabolism. Proteases are respon-
sible for protein catabolism, and most ‘biologicals’ (e.g.
monoclonal antibodies) are eliminated by a combination of
protein catabolism and target binding, which is followed by
catabolism of the complex.

Ribbon
model of
CYP2C9
isozyme

Cytochrome P-450

Pro-drugs

Some drugs are administered as inactive pro-drugs and are
metabolized to the active form, for example aspirin, the
angiotensin-converting enzyme (ACE) inhibitors, and aza-
thioprine. It is the pharmacokinetics of the active drug moi-
ety, whether this be the parent drug or a metabolite, that is
clinically important.

Drug excretion

Some active drug moieties are excreted from the body
unchanged, not metabolized. Renal excretion is the most
important route and is a combination of two processes:

1 glomerular filtration
2 renal tubular transport.

The liver also excretes drugs in the bile via bile transporters.
After biliary excretion, some of these drugs are resorbed
from the gut (enterohepatic recirculation), although even-
tually they are either excreted in the feces or metabolized.

J. Perkins

MS, MFA

CYP Substrate

1A2 Acetaminophen, antipyrine, caffeine, clomipramine, olanzapine, ondansetron, phenacetin, rilozole, ropinirole, tamoxifen, theophyline, warfarin

2A6 Coumarin

2B6 Artemisinin, buproprion, cyclophosphamide, S-mephobarbital, S-mephenytoin, (N-demethylation to nirvanol), propofol, selegiline, sertraline

2C8 Pioglitazone

2C9 Carvedilol, celecoxib, fluvastatin, glimepiride, hexobarbital, ibuprofen, losartan, mefenamic, meloxicam, montelukast, nateglinide, phenytoin, tolbutamide, trimethadone,
sulfaphenazole, warfarin, ticrynafen, zafirlukast

2C19 Citalopram, diazepam, escitalopram, esomeprazole (Sisomer of omeprazole), irbesartan, S-mephenytoin, naproxen,nirvanol, omeprazole, pantoprazole, proguanil,
propranolol

2D6 Almotriptan, bufuralol, bupranolol, carvedilol, clomipramine, clozapine, codeine, debrisoquin, dextromethorphan, dolasetron, fluoxetine (S-norfluoxetine), formoterol,

galantamine, guanoxan, haloperidol, hydrocodone, 4-methoxy-amphetamine, metoprolol, mexiletine, olanzapine, oxycodone, paroxetine, phenformin, phenothiazines,
propoxyphene, risperidone, selegiline, (deprenyl), sparteine, thioridazine, timolol, tolterodine, tramadol, tricyclic antidepressants, type 1C antirhythmics (e.g. encainide,

flecainide, propafenone),venlafaxine

2E1 Acetaminophen, chlorzoxazone, enflurane, halothane, ethanol (minor pathway)

3A4 Acetaminophen, alfentanil, almotriptan, amiodarone, astemizole, beclomethasone, bexarotene, budesonide, Sbupivacaine, carbamazepine, citalopram, cocaine, cortisol,
cyclosporine, dapsone, delavirdine, diazepam, dihydroergotamine, dihydropyridines, dilitiazem, escitalopram, ethinyl estradiol, fentanyl, finasteride, fluticasone,
galantamine, gestodone, imatinab, indinavir, itraconazole, letrozole, lidocaine, loratidine, losartan, lovastatin, macrolides, methadone, miconazole, midazolam, mifepristone
(RU-486), montelukast, oxybutynin, paclitaxel, pimecrolimus, pimozide, pioglitazone, progesterone, quinidine, rabeprazole, rapamycin, repaglinide, ritonavir, saquinavir,
spironolactone, sulfamethoxazole, sufentanil, tracrolimus, tamoxifen, terfenadine, testosterone, tetrahydrocannibinol, tiagabine, triazolam, troleandomycin, verapamil, vinca

alkaloids, ziprasidone, zonisamide

27 Doxercalciferol (activated)
No/ Abacavir, acyclovir, alendronate, amiloride, benazepril, cabergoline, digoxin, disoproxil, hydrochlorothiazide, linezolid, lisinopril, olmesartan, oxaliplatin, metformin,
minimal  moxifloxacin, raloxifene, ribavirin, risedronate, telmisartan, tenofovir, tiludronic acid, valacyclovir, valsartan, zoledronic acid

involvement

Figure 4-2 Cytochrome P450 drug-metabolizing enzymes. The proportion of drugs metabolized by each CYP
isozyme is shown. Known polymorphisms in these enzymes require a drug dosage adjustment. If two drugs are
metabolised by the same CYP enzyme, the normal routes or rates of metabolism can be affected and plasma

drug concentrations may be altered

From Raffa RB, Rawls SM and Beyzarov EP. Netter's Illustrated pharmcology, updated ed. Philadelphia: Elsevier, 2014.
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There are also other routes of excretion, for example vola-
tile anesthetics excreted via the lungs.

Variation in drug clearance

Drug clearance varies considerably between patients. Most
clinicians are aware that renal drug clearance is proportional
to glomerular filtration rate (GFR) and that drug metabolism
can be increased or decreased by other drugs (see section on
drug interactions below). However, there is also large vari-
ability in the clearance of metabolized drugs and hence their
concentrations. This becomes apparent when drug concen-
tration or drug effect is monitored. One example is tacro-
limus in renal transplant patients, where inter-individual
variability in metabolism by CYP3A means that about a 10-
fold range in dose is required to achieve the same drug con-
centration in different patients. Another example is warfarin
and the wide range of doses used to achieve a target INR
(international normalized ratio). While variability between
individuals is obvious in these cases, variability in clearance
is present for all drugs and is clinically most important for the
outliers, those patients with very low or very high clearance.

Distribution

When drugs reach the systemic circulation, they are not
evenly distributed about the body. Hydrophilic drugs are
usually found predominantly in extracellular fluid, and lipo-
philic drugs predominantly in cells. Most drugs are present
at different concentrations at different sites within the body.
The apparent volume of distribution (V) of a drug is the
volume the drug would occupy given the amount of drug in
the body (Ajy) and the steady-state concentration. For exam-
ple, a drug with a I/, of 0.2 L/kg is likely to be contained
within the extracellular fluid, whereas a drug with a 1/ of
10 L/kg is likely to be at higher concentrations in cells than
in plasma.

Importantly, volume of distribution allows estimation
of a loading dose—the amount of drug needed to quickly
reach a target concentration.

volume of distribution

= drug amount in the body X concentration  Equation 2

volume = amount X amount/volume

CLINICAL PEARLS

» A loading dose is useful when rapid onset of drug
effect is desirable, e.g. acute pain, some infections.

» |n treating a chronic illness, start with a low dose
and titrate to effect—start low, go slow.

Distribution is about drug concentration at the site of
action. However, this can be hard to measure, and the rela-
tionship between plasma drug concentration and concentra-
tion at the site of action is not captured by a single metric.

For example, metformin has a short half-life in the circu-
lation and is thus sometimes dosed three times daily. How-
ever, the concentration in the hepatocyte mitochondria
changes slowly, allowing dosing twice daily or even daily.
Another. more extreme. example is the bisphosphonates
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that have half-lives of a few hours but remain in bone for
months or even years.

Half-life (t,,)

The half-life is the time taken for the drug concentration to
fall by a half. Experimentally it is calculated from the slope
(k) of the elimination phase of the log (In) concentration—
time curve. Drug half-life is important to dose interval. The
ideal dose interval is once daily, but drugs with short half-
lives usually need to be dosed more frequently, for example
most antibiotics.

In 2 x volume of distribution

half-life = Equation 3

clearance

The relationships between the major pharmacokinetic
parameters are shown in Begg’s pharmacokinetic triangle
(Figure 4-3).
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At steady state, amount in = amount out, i.e. drug dose
= drug elimination.

The above discussion applies to first-order pharmaco-
kinetics, which applies to most drugs most of the time. For
drugs with first-order pharmacokinetics, doubling the dose
doubles the concentration.

Pharmacokinetics are  illustrated  graphically by
concentration—time curves (Figure 4—4, overleaf).

Zero-order pharmacokinetics occurs when there is con-
stant elimination (rather than constant clearance). Ethanol
is an example, familiar to many, of a drug that exceeds (sat-
urates) the body’s capacity for elimination at ‘therapeutic
doses’; phenytoin is another example. In drug overdose,
elimination capacity is often exceeded and first-order prin-
ciples, such as half-life, do not apply.

Drug transport

Drug transporters move drugs across cell membranes. Under-
standing drug transport helps explain drug distribution and

Amount of drug
in the body

RE a C
rate of elimination clearance plasma concentration

Figure 4-3 Begg's pharmacokinetic triangle.
The sides of the triangle show how the major
pharmacokinetic variables are related
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IV administration

Oral administration

Serum drug
concentration

6 12 18 24
Drug administered Time (hours)

at O hours

B
Multiple doses
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.- Steady-state

. i concentrations
L .. & Single dose N
- achieved

Serum drug
concentration

0 6 12 18 24 30 36
Time (hours)

Figure 4-4 Drug concentration—time curves for (A)
administration of the same drug by oral and IV routes;
and (B) multiple doses of an oral drug administered
every 6 hours and with first-order elimination. As the
drug accumulates in the body, excretion eventually
balances absorption and this results in steady-state
concentrations being achieved

hence drug concentration at the site of action. Drug trans-
port is also important to absorption and excretion.

Functionally, there are three main groups of drug
transporters:

1 Efflux transporters take drugs that have diffused across
cell membranes into cells out of cells.

2 Anion and cation transporters move polar drugs
across cell membranes bi-directionally.

3 Vesicular transporters move large drug molecules across
cell membranes by endocytosis and exocytosis.

Transporters that allow drugs to cross cell membranes
(groups 2 and 3) can be grouped as facilitative transporters.
Like drug-metabolizing enzymes, drug transporters are not
only there to transport drugs but have endogenous sub-
strates. Figure 4-5 illustrates the role of drug transporters in
the gastrointestinal epithelium.
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At steady-state conditions, the net effect of drug trans-
port is to maintain a concentration gradient across one
or more cell membrane(s). For example, efflux trans-
porters result in low cerebrospinal fluid concentrations
of many drugs. Transporters are particularly important
to drugs that act on intracellular targets.

There are many drug transporters, each expressed to dif-
ferent extents in different tissues. Similarly, drugs are often
substrates of multiple transporters. Hence, for any partic-
ular drug different transporters are important in different
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Figure 4-5 Lipophilic drugs are excluded from the

cell by efflux transporters; some are metabolised in
the cell. These systems protect us from environmental
xenobiotics (mostly plant toxins). Polar drugs require
transporters to enter and leave cells. These systems
provide us with access to micronutrients (e.g. essential
amino acids) and the ability to move endogenous
molecules in and out of cells.

tissues. Our current understanding of the role of trans-
porters in pharmacokinetics is not as well developed as our
understanding of drug-metabolizing enzymes. The clinical
questions related to drug transport are: What is the likely
drug concentration at the site of action? What is the bio-
availability and clearance? Both of these can be affected by
drug transport.

Other pharmacokinetics

Protein binding is only important in the interpretation of drug
concentrations. At steady state, the free drug concentration in
the circulation is in equilibrium with concentrations in tis-
sues; but free concentration is seldom measured directly. The
measured plasma concentration of a drug is usually the total
plasma concentration, i.e. free drug concentration + concen-
tration of drug bound to plasma proteins. Hence, changes in
protein binding or the concentration of plasma proteins can
affect interpretation of the drug concentration.

The physico-chemical properties and structural char-
acteristics of drugs are important to drug disposition and
metabolism. One example 1is acidity/basicity, usually
described by the pK, of the drug. One clinical application of
this is alkalinization of urine to increase the renal excretion
of weak acids in some drug overdoses.

Altered pharmacokinetics

Drug pharmacokinetics vary substantially between individ-
uals and are further altered in disease.

In clinical practice the dosing of most drugs is crude,
e.g. going from 1 tablet a day to 2. To make most treatment



decisions, relatively crude estimates of drug pharmacokinet-
ics in the patient are sufficient. However, for a small num-
ber of drugs, relatively minor changes in clearance can be
important (drugs with a narrow therapeutic index); these
drugs should be monitored.

CLINICAL PEARL

Drugs with a narrow therapeutic index should be mon-
itored using biomarkers of drug effect or drug concen-
trations.

Renal impairment

In dosing renally cleared drugs, there are good methods for
estimating GFR and hence renal drug clearance. The rela-
tionship between GFR and drug dose is shown in Figure
4-6. Renal drug clearance is traditionally estimated using
the Cockceroft and Gault equation, and most drug prescrib-
ing information is based on this equation. However, esti-
mated GFR (eGFR) determined using other equations (e.g.
CKD-epi) is routinely provided by most laboratories and
may suffice as a guide, particularly if the patient is of average
body size and composition.

Caution: laboratory estimates of GFR are standard-
ized to a particular patient size (1.73 m?) and hence need
to be corrected for patient size. An uncorrected eGFR will
underestimate renal drug clearance in a larger patient and
overestimate renal clearance in a smaller patient. For drugs
with a narrow therapeutic index, estimates of GFR are not
sufficient to guide dosing. Clinical monitoring, validated
biomarkers of drug effect or drug concentrations should
always pre-empt estimates of clearance.
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To adjust the dose of a drug in renal impairment, you
need the glomerular filtration rate (GFR) of the patient
and the fraction of the drug excreted unchanged (fe);
see Table 4-1.

1001
Drugs 50% renally
cleared (fe = 0.5)
©
E
2
2 501
13 Drugs 100% renally
8 cleared (fe = 1)
0 :
0 GFR (mL/min) 100

Figure 4-6 For a drug that is 100% renally cleared

(fe = 1), clearance is proportional to GFR and the dose
should be reduced proportionally to GFR. For a drug
that is 50% renally cleared (fe = 0.5), clearance of the
renally cleared component only is affected by GFR
and the dose reduction is therefore smaller

Chapter 4 Clinical pharmacology and toxicology

Drug information often presents dosing in renal impair-
ment in categories according to GFR. These arbitrary deci-
sion points can lead to arbitrary decisions. For example,
when a decrease in drug dose is recommended at GFRs of
60 and 30 mL/min, is 31 mL/min different to 29 mL/min or
the same as 57 mL/min? Some patients above the threshold
may need a change in dose or a drug stopped, while other
patients can still be treated rationally even after the thresh-
old is crossed. A clinical decision should be based on clinical
observations of effects (benefits and harms), available disease
biomarkers and drug concentrations. These vary between
diseases and drugs.

For a drug 100% renally cleared and a patient with a
GFR  half that of normal, a reasonable dose is half a nor-
mal dose. For a drug 509% renally cleared and patient with a
GFR half that of normal, a reasonable dose is 75% of nor-
mal. Other factors such as patient health, drug response and
tablet strengths are important to dose selection.

Some drugs are partially metabolized by proteases in the
kidney, most notably insulin; metabolism by the kidney is
not directly proportional to GFR.

Liver impairment

In dosing drugs that rely predominantly on metabolism for
clearance, there is no equivalent to GFR to estimate changes
in clearance. Hypoalbuminemia and international normal-
ized ratio (INR) are late and imprecise markers of impaired
metabolic capacity. Close attention to symptoms or signs
of altered drug effect is needed when organ dystunction is
suspected.

Cardiac impairment

Cardiac impairment affects blood flow to the clearing organs
and may further impair hepatic metabolism by ‘liver con-
gestion’. Right heart failure often causes clinically relevant
reductions in absorption of drugs across the gut wall.

Metabolic impairment

Any change in physiology may affect the pharmacokinetics of
a drug. For example, hypothyroidism decreases drug clear-
ance and thyrotoxicosis increases drug clearance by altering
cardiac output and cell metabolism. Acidosis or alkalosis can
alter the bioavailability and clearance of acidic and basic drugs
and, if severe, may impair hepatic function and thus decrease
drug metabolism.

Patient size

Patient size is important, but in adults size is a minor con-
tributor to variability in drug response, unless very big or
very small. Both clearance and volume of distribution are
proportional to body size. In most circumstances, lean body
weight is the most valid descriptor of size.

In children, size differences also reflect physiological
differences. In young children (neonates and infants), both
maturation (age post-conception) and size need to be con-
sidered in selecting drug doses.

Obesityisa particular type of increased size and is increas-
ingly common. With increasing obesity, fat mass increases
a lot and lean mass a little. The main pharmacological
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Table 4-1 Examples of renally cleared drugs grouped
by therapeutic index

DRUG fe
Narrow
Aminoglycosides 1
Digoxin 0.7
Lithium 1
Dabigatran 0.9
Low-molecular-weight heparins 0.7
Intermediate
Acyclovir and related antivirals 0.8
Allopurinol (active metabolite oxypurinol) 1
Atenolol 09
Clonidine 0.6
Gabapentin and pregabalin 0.9
Glycopeptides (e.g. vancomycin) 0.9
Levetiracetam 0.6
Memantine 0.7
Morphine-6-glucuronide 1
Paliperidone 0.6
Pramipexole 0.9
Topiramate 0.7
Wide
ACEls! *
Baclofen 0.7
Carbapenems 1
Cephalosporins *
Metformin 1
Penicillins 1
Sitagliptin 1
Varenicline 0.9
* Within-class variability—most are predominantly renally cleared.
t Most ACEls are pro-drugs of a renally cleared active moiety (...
prilat).
ACEls, angiotensin-converting enzyme inhibitors; fe, fraction of
dose excreted unchanged.

difference is increased volume of distribution of fat-soluble
drugs. An important clinical difference is overdosing errors
due to weight-based prescribing. Clearance is determined
by lean body weight.

Drug clearance, along with most physiological parame-
ters, can be compared across species ranging from ants to
whales by weight to the power of 0.75 (kg®7).
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PHARMACODYNAMICS

Pharmacodynamics, what the drug does to the body, is
about the relationship between drug concentration and drug
response. Broadly, pharmacodynamics can be considered at
three levels.

1 Health effects for the patient are the ultimate mea-
sures of drug response. It is important to consider
all drug effects, unwanted as well as wanted. These
include global effects such as mortality or quality of
life; disease-specific effects such as exercise tolerance or
range of movement; and symptoms such as pain.

2 Physiological effects are often used clinically to mon-
itor drug response and guide dosing, such as measuring
blood pressure after antihypertensives have been com-
menced. Physiological effects can often be monitored
by history and clinical examination or measured simply
in the clinic. A change in physiological effect can be a
useful marker of change in organ function in response
to treatment.

3 Molecular effects are frequently studied in scientific
experiments, as they are often specific to a particular
drug and can be studied experimentally outside the
body e.g. in vitro, in cell models or in gene expression
arrays. Some molecular effects are also useful as bio-
markers of drug response.

A drug response is caused by a drug molecule acting on a
molecule or a group of molecules in the body. Any mole-
cule in the body may be a drug target. A drug may either
increase or decrease the molecular activity of the target(s).

Concentration—response relationships

A drug response may be anywhere from 0 to the maximum
possible response (E,...). The E, . defines maximum effi-
cacy. The greater the potential response, the greater the
potential efficacy. The concentration of drug that has 50%
of the maximum response is the EC;,. The EC;, defines
drug potency—the lower the concentration required to
achieve the response, the greater the potency. Note that the
terms potency and efficacy are different concepts. A drug may
have high potency (low EC;) but low efficacy (E,,,.). Phar-
macodynamics are illustrated graphically by concentration-
response curves; see Figure 4-7.
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« Potency is the drug concentration required to
achieve a response.
« Efficacy is how much response there is to a drug.

All drugs have multiple effects, and hence multiple
concentration—response curves can be plotted. This is par-
ticularly useful for comparing beneficial and harmful drug
effects. This is shown in Figure 4-7B.

Therapeutic index

The therapeutic index of a drug is the ratio between the
concentrations causing toxicity and efficacy. For a drug with
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Figure 4-7 Sigmoidal concentration—response
curves typical of many drugs. (A) Drugs 1 and 3 have
the same maximum efficacy (E,,,,) but drug 1 has a
higher potency (lower EC.,). Drug 2 has a similarly
high potency (low EC,,) to drug 1 but a lower efficacy
(E.a0)- (B) The therapeutic index is TD4,/ECsy, i.€. the
ratio between the concentrations causing toxicity
and efficacy. Note that toxic effect curves often have
different slopes to therapeutic effect curves

a wide therapeutic index, doses can be found that are likely
to have the desired effect but are unlikely to have unwanted
effects. Drugs with a narrow therapeutic index are loosely
defined as drugs for which a halving or a doubling of the
dose (or concentration) is likely to cause a significant change
in effects. However, this definition is only a starting point
and there are differences between patients as well as between
drugs. For example, sulfonylureas have a wide therapeutic
index in most circumstances, but in a frail elderly person a
sulfonylurea may have a narrow therapeutic index due to the
greater risk of hypoglycemia because of decreased counter-
regulatory responses and decreased awareness of symptoms.

Drugs of narrow therapeutic index are hard to define but
easy to recognize (usually). Examples of drug classes with
narrow therapeutic indices are shown in Box 4-1.

Drug targets

Receptors of endogenous signaling molecules, such as
neurotransmitters and hormones, are common drug targets.
A receptor may be activated by an agonist or blocked by an
antagonist. Cell membrane receptors increase or decrease the
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Antiarrhythmics
Anticoagulants
Anticonvulsants
Cytotoxics
Immunosuppressants

Some hormones, e.g. insulin

activity of intracellular signaling pathways, e.g. G-protein
coupled receptors. In contrast, nuclear receptors increase or
decrease gene expression.

An agonist acts on a receptor to increase the signal,
whereas an antagonist decreases the signal. Strictly speak-
ing, agonists and antagonists are drugs acting on a receptor,
rather than on other drug targets. For example, beta-agonists
and beta-blockers act on the beta-adrenergic receptors.
Receptor signaling may also be modified by drugs changing
the shape of the molecule rather than occupying the active
site. This is called allosteric modulation.
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Drugs acting on nuclear receptors are more likely to
have multiple effects than drugs acting on cell mem-
brane receptors.

Enzymes catalyze reactions and are usually found inside
cells. They are common drug targets and may be induced or
inhibited (the latter is more common). Enzymes may cata-
lyze reactions involved in signaling pathways directly or may
produce or metabolize molecules important to cell function.
For example, dihydrofolate reductase is inhibited by metho-
trexate in the treatment of some autoimmune diseases and
some cancers.

Channels and transporters transport molecules across
cell membranes. Blocking or increasing their function alters
the concentration gradient of a molecule(s) across the cell
membrane. For example, the gastric proton pump inhibited
by proton pump inhibitors, or the potassium ATPase chan-
nel inhibited by sulfonylureas.

Signaling molecules may be directly targeted by drugs.
For example, tumor necrosis factor alpha (TNF-alpha) is a
cytokine targeted by several large molecule ‘biological’ drugs
in the treatment of inflammatory diseases.

Other drug targets include structural molecules.

Some drug targets are difficult to classify, for example
some inhaled anesthetics alter cell membrane function non-
specifically, with differing effects on a range of receptors,
channels and transporters.

Drug specificity

Specificity is how much more likely one response is than
other responses. Specificity is often defined by relative
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affinity for different molecular targets. A highly specific
drug will preferentially interact with one target molecule.
However, no drug is completely specific and as concentra-
tion increases, other molecules will be affected.

Specificity differs from therapeutic index in that speci-
ficity generally refers to molecular response rather than the
effect on the patient. Affecting multiple molecules is not
necessarily bad, as the total affect may be beneficial. Con-
versely, an increase in one response may move from benefit
to harm, for example anticoagulation.

Distribution and drug targets

To act on cytoplasmic enzymes or nuclear receptors, drugs
have to get inside cells and their effect is therefore deter-
mined by intracellular concentration. In contrast, extracellular
concentration is usually relevant for drugs acting on cell
membrane receptors, channels and transporters, and sig-
naling molecules. Cell membrane drug transport is thus
particularly relevant to drugs targeting enzymes or nuclear
receptors (see drug transport, below).
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 Drug concentrations at intracellular targets are
dependent on both circulating drug concentration
and cell membrane transport.

» For drugs acting on extracellular targets, free plasma
concentrations determine the concentration at the
target.

Physiological effects

While the terms agonist and antagonist apply to drugs acting
on receptors, the concept of stimulation or suppression is
important and can be applied to physiological effects. Phys-
iological effects are often primary or secondary outcomes of
drug trials and are particularly useful in predicting the likely
effects for individual patients. The physiological effects of the
drug that are observed in the trials can be considered against
the physiological state of the patient. For example, in treating
diabetes, stimulating insulin production with a sulfonylurea is
effective for type 2 diabetes but not for type 1 diabetes.

More about the patient

When choosing a drug therapy, the potential benefits and
potential harms for a patient can be predicted to some extent
from trial data. The probabilities of benefits and harms can
be adjusted by considering the characteristics of this patient
relative to the ‘average patient’. Are they older or younger,
male or female, fit or unfit? What are the states of their
organs: heart, lungs, liver, kidneys, blood, bones, endothe-
lium, gut, and (particularly) their brain?

THE INNOCENT BYSTANDER

While primarily treating one patient, the potential harm to
others needs to be considered. The greatest risk of bystander
drug exposure is to a fetus, with drug transfer to the fetus from
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the mother via the placenta. Other examples include drugs
in breast milk, transfer via skin-to-skin contact, or radiation
from a radiopharmaceutical. More indirect examples include
a drug being administered to the wrong patient or the devel-
opment of antibiotic-resistant organisms. Managing these
risks is part of the quality use of medicines (part 2).

In evaluating the benefits and harms in a decision to
treat a pregnant or breast-feeding mother, we need to con-
sider: (1) the likely drug exposure of the fetus or infant and
the potential consequent drug effects; (2) the effect of the
mother’s disease on the fetus or infant as well, especially
if untreated (e.g. with epilepsy); and (3) any effect on the
mother’s ability to care for an infant.

In pregnancy, the rule of thumb is that fetal blood con-
centration equals maternal blood concentration. The second
factor to consider is stage of fetal development, as the risks of
drug exposure vary by trimester:

e 1Ist trimester—organogenesis
* 2nd trimester—maturation (especially neurological)

e 3rd trimester—maturation and the circulatory and
respiratory changes that occur peripartum.

The third factor to consider is the risk of untreated disease
to both fetus and mother. Consequently, pharmacotherapy
in pregnancy is a specialized area with pregnancy risk classi-
fications providing a useful starting point.

In breastfeeding, the rule of thumb is that infant drug
exposure is usually much less than maternal drug exposure.
To estimate likely infant drug exposure, there are three
pharmacokinetic variables to consider.

1 The weight-adjusted maternal dose (WAMD), which
provides a useful estimate of the infant’s drug dose rel-
ative to that of the mother.

2 Oral bioavailability, given that many parenterally admin-
istered drugs have very low oral bioavailability with con-
sequent negligible systemic exposure for the infant.

3 Drug clearance by the infant, which increases with
maturation (post-conceptual age).

Consequently, if drug treatment is needed while breastfeed-
ing, an option that poses minimal risk to the infant can often
be found.

2. QUALITY USE OF
MEDICINES

Quality use of medicines (QUM) is about using medicines
safely, effectively and economically. There are multiple
QUM tools deployed by communities in caring for groups
of patients, and others deployed by healthcare professionals
in the care of individual patients. Communities in health-
care can be grouped in several ways: by geography from the
nation down to the local community; by disease types; and
by sectors of healthcare.

QUM tools used by communities to support care across
groups of patients include drug regulations, drug formularies,
treatment guidelines and cost—effectiveness analyses. Those
used by healthcare professionals for individual patients include



drug profiles, prescriptions, drug interaction assessment tools,
adverse reaction alerts and working in teams.

GETTING IT RIGHT

Prefacing any element of therapeutics with right can help to
define QUM objectives and select QUM tools: right diag-
nosis, right drug, right route, right dose, right time, right
patient. Figure 4-8 shows the circle of care: making the
diagnosis; identifying treatment options; sclecting treat-
ment with the patient; and assessing the treatment response.
Figure 4-9 shows the elements of the patient profile and the
drug profile. Matching the patient profile with drug profiles
is a QUM tool for individual patient care that can be used
n any setting.

The circle of care

1 The diagnosis. Accurate characterization of patient
problems for diagnosis of one or more disease(s) in a
patient is necessary for scientific therapeutics. This
allows application of the research literature to the indi-
vidual case. Being based on diagnosis and pathophysi-
ology is a strength of ‘orthodox’ medicine.

2 Disease management—identifying treatment op-
tions. In assessing the evidence for treatment(s), there
are many decision-support tools to identify treatment
options, such as evidence-based treatment guidelines. All
good decision-support tools are traceable to the primary
research information including relevant clinical trials.

3 Patient management—sclecting the treatment with
the patient. Sometimes this is more of an art than a sci-
ence. It usually includes negotiation with the patient to
match the treatment to the patient. Applying the prin-
ciples outlined above supports rational treatment selec-
tion. Prescribing a drug or drugs is typically the final
step in this process.

Patient

Review ralslems History
and audit Examination
Investigations
Patient to physician
communication
Patient care Diagnosis
P
Environmental Physician to patient
modification communication
Surgery ey ,
Drogs Dliszere Evidence
Negotiation management

Figure 4-8 The four steps in the circle of care.
Obtaining information from a patient, the history,
is critical to diagnosis. Imparting information to a
patient is critical to management, particularly in
chronic care
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PATIENT PROFILE DRUG PROFILE
1. Age 1. Class
2. Sex 2. Pharmacodynamics
3. Body size and a. Actions
composition b. Beneficial effect(s)
4. Family history and c. Harmful effect(s)
ethnicity (genetics) 3. Pharmacokinetics

5. Adverse drug a. Biovailability

reactions/allergies b. Clearance

6. Disease/s: c. Volume of distribution
a. PD—susceptibility 4. Indications/
b. PK—dose contraindications

7. Current drug(s) 5. Inferaction potential

8. Smoking/alcohol/drugs 6. Dose and duration

9. Pregnancy/lactation 7. Monitoring

10. Behaviors—adherence 8. Overdose

Figure 4-9 Patient profile and drug profile

4 Assessing the treatment response. Has the treat-
ment addressed the presenting problems, and is the
response consistent with the diagnosis? The response
of each patient to treatment should be assessed in a
planned manner. For most discases and drug treat-
ments, there are useful biomarkers to assess response
to treatment. These range from changes in symptoms
or signs to changes in biochemical or radiological test
results. Many treatment guidelines include recommen-
dations for monitoring and follow-up.

Drugs are the subject of this chapter, while diseases are the
subjects of other chapters. QUM is about drugs and people
(patients and prescribers), and about reducing errors.

Patient profile and drug profile(s)

The elements of the patient profile and the drug profile are
shown in Figure 4-9. Matching the patient profile with the
drug profile(s) can be used to increase the potential for ben-
efit and reduce the potential for harm. Simply selecting the
‘best drug’ on the basis of diagnosis is not sufficient.

Aligning the characteristics of the patient and the drug
using headings allows assessment of the potential for benefit
and harm to the individual. For example:

* Does the patient have any contraindications?

* Is the route appropriate?

* Are there potential drug—drug interactions?

*  What is the likely adherence to the treatment plan?

PRESCRIBING

Prescribing is the communication of a written plan for drug
treatment. Prescribing registered drugs is regulated in most
countries. There are regulations governing who can pre-
scribe, what can be prescribed, and who can dispense a reg-
istered drug. Prescribing, dispensing and administration of
drugs are usually done by different people. Prescribers are
mostly doctors, dispensers mostly pharmacists, and drugs
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are mostly administered by nurses (acute care) or patients
(chronic care). Having three or more people, each bringing
different skills to drug treatment, reduces treatment errors
and improves quality of care.

Most prescribing errors are errors of communication,
resulting in wrong drug, wrong dose, wrong route, wrong
patient or wrong time. There are many other factors con-
tributing to error, but with clear communication most can

be avoided.

The prescribing checklist

Pharmacotherapy is complicated, and there are many patient
and drug variables to consider before prescribing (or not
prescribing) a medicine for a patient. In healthcare, thera-
peutic processes are complex and prone to error. Checklists
are increasingly used to support therapeutic processes in sur-
gery and there is good behavioral research to suggest that
they can support good processes in other aspects of health-
care. Box 4-2 provides one example of a checklist to support
the prescribing process.

DEPRESCRIBING

When to start drug treatments is covered in detail in almost
every major guideline. However, when to stop drugs is not
and, partly because of this, polypharmacy accumulates with
multi-morbidity. Stopping drugs is hard and it is easy to jus-
tify the status quo, but a decision to continue is just as much a
decision as a decision to stop.

We recommend that every drug treatment be formally
reviewed at least annually. For every drug, ask yourself:

1 What are the potential benefits and potential harms for
this person?

2 Are the potential benefits greater than the potential
harms? If the answer is no, or uncertain, consider stop-
ping the drug. One approach is the traffic light system
for review shown in Figure 4-10.

Deprescribing requires all the same steps as prescribing.
Sudden cessation can be dangerous and the results of depre-
scribing should be monitored and reviewed in the same way
as the results of prescribing.

ADVERSE DRUG REACTIONS

Anadverse drugreaction (ADR) is a harmful effect of a drug,
or more precisely ‘any response to a drug which is noxious,
unintended, and which occurs at doses used in man for
prophylaxis, diagnosis and therapy’. An adverse drug event
(ADE) has a broader definition, including potential harm
as well as actual harm. Drug safety has similarities to road
safety: by reducing errors, we can reduce harm. For exam-
ple, while wrong dose errors don’t usually cause measurable
harm, reducing dosing errors is likely to increase benefit and
reduce harm across the community.

All drugs can cause adverse reactions, and some patients
are at greater risk of these than others. A patient’s ADR his-
tory and other characteristics, such as gender, age, ethnicity
and physiological state, help to quantify the likely risk of a
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Before prescribing, consider:

1 Goal/s of treatment and definitions of success and
failure:
a Symptom relief
b Disease modification

2 Drug selection:
a Drug for the problem?
b Drug for this patient:
» past adverse drug reactions?
» prognosis?
» frailty and vulnerabilities?
3 Potential effects: is net benefit likely for this patient?
a Potential benefits for this patient?
b Potential harms to this patient?

4 Dose regimen:
a Loading dose or ‘start low, go slow'?
b Maintenance dose for this patient?

5 Potential drug interactions:
a Pharmacodynamic?
b Pharmacokinetic?

After prescribing, agree with the patient:
6 Monitoring for efficacy and toxicity—what, when,
how and who?
a By patient
b By clinician
7 Risk management:
a Potential harms
b Treatment failures
c Action if treatment failure or harm occurs
8 Patient and carer/s understanding:
a Diagnosis/problem
b Management
9 Review—when, where and who?

Finally, consider:
10 Problems not treated:
a Are there untreated problems?
b Should additional/alternative treatments be
offered?
I used the prescribing checklist in prescribing for this
patient

given adverse reaction. Considering the potential for ADRs
is part of prescribing assessment, and making plans with the
patient (and any carers) to identify and manage potential
ADRs is standard practice; for example, warning someone
of the potential gastrointestinal effects of a drug and what to
do if they occur.
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Anything that can do good can also do harm, and all
drugs have harmful effects. Monitor treatment by mon-
itoring patients for both benefits and harms to evaluate
the net clinical effect.

ADRSs have driven much of the current regulatory
environment. The USA’s 1938 Food, Drug and Cosmetic



Mary Jones—age 79

Problems Medications Rx Review

Ischaemic heart disease
Congestive heart failure
Type 2 DM

Hypertension

Mild cognitive impairment
Alcohol abuse

aspirin 100 mg mane
simvastatin 40 mg nocte
mefoprolol CR 95 mg mane
cilazapril 2.5 mg mane
metformin 850 mg bd
quetiapine 25 mg nocte
diltiazem CR 180 mg mane

O00C@®OO0
O00O000O0
@0O0O00O0O0

Steatohepatitis

Key @ likely beneficial O likely harmful ~ @ possibly futile

Figure 4-10 Mary Jones is a hypothetical patient.

Her current problems and current medications are
shown side by side in one view. For each medication
you, the prescriber, evaluate the likely net benefit for
Mary. The selections in this case are not the point,
and we have insufficient information to critique these.
Each drug that is assessed as ‘likely harmful’ should
be deprescribed, and deprescribing those assessed as
‘possibly futile’ should be discussed. We suggest that
aiming to deprescribe half of the ‘possibly futile’ drugs
is a good starting point

Act was a response to the deaths of many children from
ingesting ethylene glycol used as the solvent for the elixir
form of the antibiotic sulfanilamide. The 1962 Kefauver
Harris amendment was a response to birth defects from
thalidomide.

* A type A (augmented) reaction is one that is pre-
dictable from the pharmacological effect of the drug and
may respond to dose adjustment.

* A type B (bizarre) reaction is usually due to a host
reaction to a drug, e.g. anaphylaxis.

This simple classification is long-established, and is useful
when prescribing drugs but is not sufficient to diagnose and
manage ADRs.

Assessing an event in a patient as a potential ADR
involves two steps. First, describing the event in relation
to the drug and the patient. An ADR can be described
using the DoT'S and EIDOS method of Aronson and Ferner
(Box 4-3). Second, as with any diagnosis, causality should
be assessed. The Naranjo score (Box 4-4, overleaf) is one
method of assessing causality. While assessment of ADRs
is often neglected, clinical assessment using these tools is
cheap and easy compared with radiological imaging and
biochemical testing. All potential ADRs should be clearly
documented in the patient’s clinical record and reported to
the relevant pharmacovigilance body.

Drug safety is not reliably assessed using the randomized
controlled trials required for drug registration. To investi-
gate drug safety, observational studies (e.g. case-control
studies) usually provide more robust data. Pharmacovig-
ilance is the science relating to the detection, assessment,
understanding and prevention of adverse drug effects, and
most countries have formal pharmacovigilance programs.
Spontaneous reporting of ADRs by prescribers is an essential compo-
nent of pharmacovigilance.
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DoTS
Do Dose-relatedness—usual, very high or very low?

T Time-relatedness—immediately, or after hours, days,
weeks or longer?

All drug effects are dose- and time-related. At what dose
and after what duration did the reaction occur?

S Susceptibility—describe the patient. For example,
disease states or family history of autoimmunity

EIDOS

E Extrinsic chemical species—what is the drug or
related molecule responsible for the effect?

I Intrinsic chemical species—what is/are the
molecule(s) that the drug affects?

D Distribution—where are those molecules in the body?
O Outcome—what is the pathophysiological effect?
S

Sequelae—what are the consequences for the
patient? The adverse effect

1. Aronson JK and Ferner RE. Joining the DoTS: new approach to
classifying adverse drug reactions. BMJ 2003;327(7425):1222-5.

2. Ferner RE and Aronson JK. EIDOS: a mechanistic classification
of adverse drug effects. Drug Saf 2010;33(1):15-23.

DRUG INTERACTIONS

A drug interaction occurs when a patient’s response to a
drug is modified by something else. The interaction may be
due to other drugs, food or other substances, environmen-
tal factors, or disease. Drug—drug interactions (DDIs) are
interactions between drugs. DDIs can either increase drug
effect, potentially causing toxicity; or decrease drug effect,
potentially leading to therapeutic failure. Elderly patients are
especially vulnerable, with a strong relationship between
increasing age, the number of drugs prescribed, and the fre-
quency of potential DDIs.

Types of drug interaction
1 Behavioral: altered compliance
2 Pharmaceutical: outside the body

3 Pharmacokinetic: altered concentration:
a  bioavailability: absorption or first-pass metabolism
b  clearance: metabolism or excretion of active drug
¢ distribution: cell membrane transport to the site
of action

4 Pharmacodynamic; additive or opposing effect:
a  mechanism: molecular signal (e.g. receptor)
b mode: physiological effect

One of the most common causes of significant DDIs is
induction or inhibition of drug metabolism. In these inter-
actions, there is a perpetrator (the drug causing the change in
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1 Are there previous conclusive reports on this
reaction?
Yes (+1); No (0); Do not know or not done (0)

2 Did the adverse event appear after the suspected
drug was given?
Yes (+2); No (-1); Do not know or not done (0)

3 Did the adverse reaction improve when the drug was
discontinued or a specific antagonist was given?
Yes (+1); No (0); Do not know or not done (0)

4 Did the adverse reaction appear when the drug was
re-administered?
Yes (+2); No (=2); Do not know or not done (0)

5 Are there alternative causes that could have caused
the reaction?
Yes (-1); No (+2); Do not know or not done (0)

6 Did the reaction reappear when a placebo was
given?
Yes (1), No (+1); Do not know or not done (0)

7 Was the drug detected in any body fluid in toxic
concentrations?
Yes (+1); No (0); Do not know or not done (0)

8 Was the reaction more severe when the dose
was increased, or less severe when the dose was
decreased?

Yes (+1); No (0); Do not know or not done (0)

9 Did the patient have a similar reaction to the same or
similar drugs in any previous exposure?
Yes (+1); No (0); Do not know or not done (0)

10 Was the adverse event confirmed by any objective
evidence?
Yes (+1); No (0); Do not know or not done (0)

Score

« >0 = definite ADR

» 5-8 = probable ADR
» 1-4 = possible ADR
+ 0O = doubtful ADR

Naranjo CA, Busto U, Sellers EM, et al. A method for estimating
the probability of adverse drug reactions. Clinical Pharmacology
and Therapeutics 1981; 30(2):239-245.

metabolism) and an object (the drug whose concentration is
changed). There are a relatively small number of perpetrator
drugs that can cause large changes in the concentrations of
other drugs. Of the object drugs, those with a narrow ther-
apeutic index are particularly vulnerable; as are pro-drugs,
given that pro-drugs are dependent on a single metabolic
pathway for activation.
Patient harm from drug interactions can be reduced by:

* usinga personal formulary—using few drugs and know-
ing them well

e recognizing drugs that are major perpetrators of
interactions
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* recognizing drugs with a narrow therapeutic index as
vulnerable to interactions

* applying clinical pharmacology principles.

THERAPEUTIC DRUG
MONITORING (TDM)

Therapeutic drug monitoring is the use of measured drug
concentrations to inform drug treatment. TDM can be used
in diagnosis:

1 In therapeutic failure there are three main differential
diagnoses: low adherence, under-dosing and insuf-
ficient effect. TDM is a good discriminator of these
three possible diagnoses.

2 In suspected drug toxicity or drug overdose, TDM can
support or refute that symptoms are due to a drug or
that a drug overdose has been taken.

3 When a patient is well, a drug may continue to be pre-
scribed but not taken. TDM can identify that contin-
ued prescribing is unnecessary.

The other use of TDM is as a therapeutic tool to adjust a
drug dose prospectively. Targeting a drug concentration
can reduce potential harm and increase potential benefit by
reducing pharmacokinetic variability.
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A target concentration is more precise than a target
dose.

TDM is less useful if there is an accurate measure of
drug effect(s), such as blood glucose and HbA . in the treat-
ment of diabetes. However, there are relatively few drugs for
which we have accurate measures of drug effect, and TDM
is therefore a very cheap and an under-utilized tool.

Measuring drug concentrations is generally cheap and
technically straightforward. To interpret a TDM result,
other information is needed in addition to the drug concen-
tration. This includes:

¢ drug dose (amount and frequency)
 duration of the current dose (to assess steady state)

e time after the last dose (concentration changes with
time).
Knowing whether your patient has a drug concentration
similar to, higher than, or lower than other patients treated
with the same drug is valuable.

The greatest use of TDM is in transplant medicine, and
to a lesser extent in neurology (epilepsy), infectious diseases,
and psychiatry. Given the difficulties of adherence and inter-
patient pharmacokinetic variability, TDM is one of the most
under-used tools in 21st century medicine.

DRUG REGULATION

Drug regulation is a fundamental component of health
systems aiming toward the societal goals of achieving safe,



effective and economic use of drugs. Drug regulation has
three main components in evaluating and regulating:

1 safety and efficacy—considered by drug registration
bodies

2 cost-effective use of drugs—considered by funding,
purchasing or advisory bodies

3 drug research—considered by registration bodies, eth-
ics committees and public research funding bodies.

Drug registration bodies such as the Food and Drug
Administration (FDA; USA), European Medicines Evalu-
ation Agency (EMEA; Europe), Pharmaceutical and Med-
ical Devices Agency (PMDA; Japan) and the Therapeutic
Goods Administration (TGA; Australia) manage safety and
efficacy in multiple ways. For example:

e regulating manufacture and distribution—is the right
substance in the right place at the right time?

* evaluating new drugs by comprehensive review of their
safety and efficacy for the treatment of particular diseases
in particular patients

 evaluating the bioequivalence or biosimilarity of drugs
e co-ordinating pharmacovigilance.

Bodies that fund, or advise on funding, drugs operate at
several levels. Some operate nationally, such at the United
Kingdom’s National Institute for Health and Care Excel-
lence (NICE) or Australia’s Pharmaceutical Benefits Advi-
sory Committee (PBAC). Others consider spending for
particular parts of the community, such as insurers for their
policy-holders, or hospitals for their patients.

Pharmacoeconomics is the science of assessing costs
and benefits to inform decisions about resource use and
expenditure on drugs. To prioritize health spending, it is
necessary to compare the costs, potential benefits and poten-
tial harms of treatment options. Benefits and harms may be
compared subjectively; but for comparison across drugs, dis-
eases and patients, objective or quasi-objective measures are
needed.

One of the most widely used is the quality-adjusted life-
year (QALY). While particular QALY's might be conten-
tious, a strength is their transparency. This allows evaluation
of uncertainty, open discussion and helps with the align-
ment of spending with societal values.

In making funding decisions about new drug treatments,
a commonly used metric is the incremental cost—effective-
ness ratio (ICER). The ICER is the difference in cost divided
by the difference in net effectiveness (benefits minus harms)
between the new drug treatment and existing care. While
most clinicians do not undertake such analyses formally, these
are implicit in every treatment decision. Cost minimization is
more easily understood; when treatments do not significantly
differ, costs can be compared. For example, a new generic
drug that has demonstrated bioequivalence would be evalu-
ated primarily on its relative costs.

Pharmacoepidemiology is the study of the use and
effects of drugs on groups of people. The language of phar-
macoepidemiology is statistics and to translate the informa-
tion from clinical trials and other research, it is necessary to
understand statistics!
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DRUG RESEARCH

Medicine is research-based. A few words that mean a lot! Sci-
ence requires the challenge and testing of ideas, whereas belief
requires acceptance of ideas. The scientific consensus on the
treatment of disease usually (although not always) reflects the
existing evidence, and for a new treatment to be accepted it
should be tested against the existing treatment. For an exper-
iment to be valid, it should be relevant (what is measured mat-
ters) and reliable (the method is reproducible). Many research
methods are used to gather the information needed to deter-
mine whether a drug is safe, effective and cost-effective.

In assessing drug efficacy, the final step is usually the
randomized controlled trial (RCT). In a RCT the new
treatment is compared with the existing treatment in a rep-
resentative group of patients under conditions that mini-
mize potential bias (e.g. randomization and blinding). Large
RCTs are based on data from smaller clinical studies that
establish estimates of dose—eflect relationships (see the sec-
tions on pharmacokinetics and pharmacodynamics, above).

Before drugs are studied in people, multiple types of
pre-clinical experiments are carried out. These include ani-
mal experiments (in vivo), laboratory experiments (in vitro)
and computational experiments (in silico)). Many different
experiments are needed to describe a drug. For example,
to predict the metabolism in humans of a new drug, mul-
tiple in vitro studies are conducted to develop data for use
in in silico models before testing in selected in vivo models.
Simultaneously, multiple other experiments are conducted
to describe other variables, such as the potential effects of
the drug on different tissues or its potential carcinogenicity.

Knowing which research methods can answer a particu-
lar question and understanding their limitations helps clini-
cians to interpret research. For example, RCTs are the ‘gold
standard” method for comparing the efficacy of two treat-
ments. However, RCTs are poor at assessing drug safety, as
they are usually not powered to quantify events occurring
less commonly and vulnerable patients are often excluded.

Assessing drug safety has two components. First, toxic-
ity can be studied in pre-clinical studies and in early human
dose-finding studies. Second, adverse events—which may
be rare or occur a long time after commencing treatment—
should be systematically evaluated. Some observational
study designs, such as case-control studies, are well suited to
identifying and quantifying adverse events.

Cost—efficacy studies use efficacy and safety data from
RCTs and observational studies, together with costs relevant
to the study question(s), to inform policy-makers and clini-
cians. To assess cost—eflicacy, it may be necessary to consider
a number of efficacy and safety outcomes. Some outcomes
can be quantified, e.g. time off work, resources required for
independent living, but many are inherently subjective. To
assign values (utilities) to different health states, it is neces-
sary to ask people and there are a number of standardized
methodologies used to assign utilities.

Drug research is conducted by people and organizations
which, in addition to answering research questions, have
other objectives such as career advancement or increasing
shareholder value. Robust scientific research methods are
required to be transparent (published) and reproducible so that
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others can repeat the experiment. In the long term, this pro-
vides protection from falsechood.

3. TOXICOLOGY
EPIDEMIOLOGY OF POISONING

Poisoned patients represent:
e 5-10% of an emergency department’s workload
* 5-10% of medical admissions.

CLINICAL PEARLS

» In more developed countries, approximately 1%
of people with poisoning are at serious risk and
require intensive support.

» Distinguishing this 1% among all presentations with
poisoning is difficult.

Mortality rates from poisoning remain relatively static in
many countries. Severe poisoning in more developed coun-
tries occurs with a relatively small group of drugs which
includes tricyclic antidepressants, anticonvulsants, opioids,
amphetamines and cocaine.

Many patients co-ingest their drugs in overdose with alco-
hol, and the effects of both alcohol and the drug(s) in ques-
tion are seen. Co-ingestions of multiple drugs may occur, and
present a particular challenge. The frequently encountered
substances in more developed countries are covered below.

SOURCES OF POISONS
INFORMATION AND ADVICE

Toxicology information and advice is available from many
sources, including poisoning information centers and web-
sites for management (e.g. www. TOXINZ.com; WikiTox;
www.atsdr.cdc.gov). Clinical reasoning and judgment can
be augmented with expert advice, particularly for manage-
ment in the more complex cases.

Most data are based on case series, given the extreme dif-
ficulty in conducting prospective trials. Even a single case
report can be of value in such a setting.

CLINICAL ASSESSMENT OF
POISONED PATIENTS

e Taking a history from a poisoned patient is critically
important in determining:
» what substance?
» how much?
» the exact timing?
» by what route the person has been exposed, e.g.
ingestion, inhalation?
e Corroborative evidence (empty packets of drugs,
containers of chemicals, family/observer history) 1is
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important. Finding out the source of the drug or toxin
may help to prevent subsequent self-poisoning.

* Ask why the overdose was taken. A sympathetic non-
judgmental approach works best with the majority of
patients.

e Simple assessments of mental health are also required,
with expert guidance from psychiatry. Serious suicidal
intent is more likely with younger males, the elderly,
where planning has taken place, where a note has been
left and where the patient has taken trouble not to be
discovered.

e The past medical history, especially asthma, jaundice,
drug misuse (including alcohol), head injury, cardiovas-
cular or renal problems, and past psychiatric illness and
harm, are helpful to guide future clinical management.
Ask about allergies.

*  On clinical examination, first check airway, breathing,
circulation (ABC) and institute necessary life-support
measures.

* Complete a full physical examination, paying particular
attention to the items listed in Table 4-2.

Investigations

e Check urea and electrolytes (UECs), arterial blood
gases (ABGs), and perform baseline electrocardiography
(EKQ). In the EKG, the heart rate rhythm and any QT¢c
prolongation should be particularly noted.

* Most patients have a metabolic acidosis, but if respira-
tory alkalosis is seen then salicylate (aspirin) poisoning
should be suspected.

* Blood glucose and acetaminophen (paracetamol) con-
centrations must be checked in any patient who is
unconscious. Rarely (e.g. in acetaminophen poisoning),
drug blood concentrations are required to guide clinical
management.

CLINICAL PEARLS

» |If respiratory alkalosis is seen, then salicylate (aspi-
rin) poisoning should be suspected.

e A blood sugar level estimation and acetamino-
phen (paracetamol) level must be carried out in any
patient who is unconscious.

* Interpreting drug concentrations is complex—seek
advice early. As a general rule of thumb, it takes 5
halt-lives to fully eliminate a drug, and 4 half-lives
to return to the therapeutic efficacy level. However,
when toxic quantities of drugs have been ingested, the
half-life of that drug may be extended due to satura-
tion of enzymes involved in its metabolism, e.g. with
carbamazepine.

e Currently, individual patient pharmacogenomic data
are not routinely used in the management of overdose,
but will be expected be in future. For example, muta-
tions in CYP2CP and VKORCT1 predict increased sen-

sitivity to warfarin.
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Table 4-2 Physical examination of a suspected poisoned patient

BODY PART/SYSTEM

EXAMINE

Central nervous system

Check Glasgow Coma Scale (GCS), tone, power, reflexes and coordination (look for ataxic
gait which can occur in toxic alcohol/anticonvulsant poisoning)

Eyes

Check pupil size (e.g. small with opioids or organophosphorus insecticide poisoning; large
in tricyclic antidepressant overdose)

Check presence (e.g. anticonvulsants) or absence of horizontal nystagmus

Cardiovascular system

Heart rate—elevated (e.g. tricyclic antidepressants, theophylline) or reduced (e.g. digoxin,
beta-blockers)

Blood pressure (e.g. reduced in tricyclic antidepressants, elevated after cocaine)

Respiratory system

Respiratory rate may be increased (salicylate poisoning) or decreased (e.g. opioid or
benzodiazepine poisoning)

Skin

Look for needle marks, bruises, razor marks
Check state of hydration
Cyanosis (e.g. CNS-depressant drugs)

Gastrointestinal system

Check for bowel sounds before giving activated charcoal
Feel for palpable liver to indicate possible liver disease and altered metabolism of drugs

Right upper quadrant tenderness may indicate liver toxicity from acetaminophen
(paracetamol)

Epigastric tenderness may indicate gastrointestinal toxicity to NSAIDs

Weight

Helps determine whether toxicity is likely, given the dose ingested

Body temperature

Increased (e.g. ecstasy, SSRIs) or reduced (e.g. CNS depressants)

CNS, central nervous system; NSAIDs, non-steroidal anti-inflammatory drugs; SSRIs, selective serotonin reuptake inhibitors.

* Drugs of abuse are frequently detected in urine using

overdose), are sufficient to support most patients while

detection strips that can identify opioids, cannabis,
amphetamines and benzodiazepines, but may miss some
of the newer drugs of abuse (see below). Rhabdomyoly-
sis may be present with myoglobinuria in amphetamine
or caffeine intoxication.

A cranial computed tomography (CT) examination
will be required to investigate coincident head injury or
intracerebral events, if a patient presents unconscious or

they eliminate the drug(s). Only patients who have taken
significant overdoses need further measures to prevent
absorption or increase elimination of the drug.

The American Academy of Clinical Toxicology
recommends:

» oral activated charcoal 50 g (orally or by nasogastric

tube) if ingestion of a substantial amount of drug has

with focal neurological signs.

Risk assessment

All of the above clinical and investigation information
(including the use of information and advice sources) is then
integrated to formulate a ‘risk assessment’, i.e. a prediction
of the most likely clinical course for the patient and any
potential complications, and this informs the tailor-made

taken place within the past 1 hour

» multiple doses of activated charcoal to be given to
adsorb the drug and enhance its elimination if drugs
such as digoxin, phenytoin or carbamazepine have
been ingested.

e Oral activated charcoal is not of value if:
» more than 1 hour has elapsed
» treatingingestion of acids, alkalis, alcohols or metals.

management plan for that patient. This is the critical clinical

judgment process in clinical toxicology.

PRINCIPLES OF MANAGEMENT

CLINICAL PEARL

Give oral activated charcoal 50 g (orally or by naso-
gastric tube) if ingestion of a substantial amount of
drug has taken place within the past 1 hour.

OF POISONED PATIENTS

e Meticulous supportive care is critical to good outcome

* A nasogastric tube will be used very rarely to aspirate

in poisoned patients. Doing simple things well, such as
administering intravenous fluids and giving oral activated
charcoal (if the patient presents within an hour of the

stomach contents if there has been recent ingestion of
a toxic liquid. Gastric lavage with a large-bore tube to
remove tablets is no longer recommended.
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*  Whole-bowel irrigation with polyethylene glycol can
achieve bowel clearance of tablets if iron or slow-release
preparations such as theophylline have been ingested
in a potentially toxic dose. The dose is 500 mL/h in
preschool children and 1 L/h if the person is above pre-
school age; its administration would usually be on the
advice of a clinical toxicologist.

Hemodialysis is occasionally used for serious poisoning
with aspirin, carbamazepine, ethylene glycol or theoph-
ylline, again after specific specialist advice.

CLINICAL PEARL

Hemodialysis is occasionally used for serious poison-
ing with aspirin, carbamazepine, ethylene glycol or
theophylline.

* Intralipid 20% given as a bolus of 1.5 mL/kg followed by
0.25 mL/kg/min for 30—-60 minutes has been used in the
management of serious poisoning with lipophilic drugs
such as tricyclic antidepressants, beta-blockers or local
anesthetics. Its use 1s still considered experimental but is
potentially life-saving.

In young patients poisoned with cardiotoxic agents,
maintain effective cardiopulmonary resuscitation (CPR)
throughout because good neurological outcomes can be
achieved even with hours of CPR. In serious poisoning,
management of seizures, coma and cardiovascular com-
plications and intubation, where required, are also critical
to good outcome.

e In contrast to the commonly held views, antidotes for
poisoning are rare, with the exception of those listed in
Table 4-3.

* Patients are usually discharged from medical care once
the toxic effects of their overdose have worn off. This is
a clinical judgment based on response to questions, lack
of tachycardia or bradycardia, a demonstrated ability to
walk safely, and no visual problems.

» Patients with sedative drug overdoses have residual
cognitive deficits, even when the above parameters

are normal, and should avoid driving for 3 days.

COMMON POISONS AND
THEIR MANAGEMENT

Acetaminophen (paracetamol)

Acetaminophen (paracetamol) remains one of the most
common drugs taken in overdose. Ingestion of more than
200 mg acetaminophen/kg bodyweight or 10 g (whichever
is the less) in any one 24-hour period is associated with the
risk of developing hepatotoxicity (and more rarely renal tox-
icity), unless the antidote N-acetylcysteine is given within
8—10 hours of the overdose being taken.

e If a patient presents more than 4 hours after an
overdose, a plasma acetaminophen level should be
requested regardless of the stated dose. If the plasma
acetaminophen concentration is close to or above the
treatment line on the acetaminophen nomogram cur-
rently in use (see Figure 4-11 for an example), then

Table 4-3 Poison antidotes

POISON

ANTIDOTE

Beta-blockers

IV glucagon, high-dose insulin euglycemic therapy

Calcium-channel blockers

10% calcium gluconate, 10% calcium chloride, glucagon, high-dose

insulin euglycemic therapy

Cyanide

Oxygen, high-dose hydroxycobalamin

Digoxin

Digoxin-specific antibodies

Ethylene glycol/ methanol

Ethanol, 4-methylpyrazole

Lead DMSA, DMPS, disodium calcium edetate
Iron salts Desferrioxamine/deferrioxamine
Opioids Naloxone, naltrexone

Organophosphorus insecticides, nerve agents

Atropine, for nerve agents oximes (pralidoxime, obidoxime, H1-6):
note that oximes are no longer recommended for routine use in
organophosphorus insecticide poisoning

Acetaminophen (paracetamol)

N-acetylcysteine (preferred) or methionine

Thallium

Prussian blue

DMPS, 2,3-dimercapto-1-propanesulfonic acid; DMSA, dimercaptosuccinic acid; IV, intravenous.
Adapted from Jones AL, in JA Innes (ed), Davidson's Essentials of medicine. Edinburgh: Elsevier, 2009.
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Figure 4-11 The Australian paracetamol (acetaminophen) treatment nomogram. Note that in some units the
protocol for intravenous N-acetylcysteine has been altered, in particular to try to reduce the incidence of early
anaphylactoid reactions—the approved protocol should be checked or a clinical toxicologist consulted if there

is any doubt

Reproduced with permission from the Medical Journal of Australia. www.mja.com.au/journal/2008/188/5/guidelines-management-

paracetamol-poisoning-australia-and-new-zealand-explanation

N-acetyleysteine should be administered intravenously
(IV) over approximately 20 hours. If the concentration
is below the line, this level is often rechecked at 4 hours
to see if it subsequently crosses the line, indicating
the need for N-acetylcysteine. The acetaminophen
nomogram cannot be applied for repeat or staggered
overdoses, or if the timing of ingestion cannot be
determined with confidence.

» If the patient presents less than 4 hours after an over-
dose, then an acetaminophen level should be taken
at 4 hours—if taken earlier than this, it cannot be
interpreted.

o If the presentation is within 1 hour, give activated
charcoal.

e If the timing of ingestion is unknown or the history
is not clear, it is wise to err on the side of caution and
treat with N-acetylcysteine according to the standard
protocol (Table 4-4, overleaf).

In approximately 1-2% of cases of administration of N-
acetylcysteine an anaphylactoid reaction occurs within
the first 2 hours of the infusion, characterized by skin
flushing, rash, wheeze and, extremely rarely, by cardiac
arrest.

*  Management is supportive: administration of antihis-
tamines and epinephrine if needed, and stopping the
infusion for at least 30 minutes; then the infusion can be
restarted at the rate of 50 mg/kg/h, with monitoring.

Tracking of repeat acetaminophen levels to ensure they
don’t cross the nomogram line and to ensure complete
metabolism of acetaminophen has been recommended
and has been adopted in some centers.

The most important risk factor for liver damage after acet-
aminophen ingestion is the extent of delay, beyond 8 hours,
until treatment with N-acetylcysteine commences.

Clinical or biochemical evidence of hepatic injury may
not be apparent for up to 24 hours after an acute acet-
aminophen overdose. Developing an alanine amino-
transferase (ALT) level >1000 TU/L within 12 hours of
starting N-acetylcysteine is correlated with highest pro-
thrombin time ratios (international normalized ratios)
and poor prognosis.

Hepatic failure, encephalopathy and death remain
uncommon outcomes, although acetaminophen
remains the most important single cause of acute liver
failure in Western countries.

Bernal’s modification of the King’s College London
O’Grady criteria (pH <7.25 more than 24 hours after
the overdose, prothrombin time in seconds, degree of
acidosis and renal dysfunction) is used to determine the
need for transplantation, and additionally uses a lactate
level of >3.0 mmol/L after resuscitation as an indicator.
Persistent elevation of serum lactate is a bad sign. Mark-
ers of liver regeneration such as microRNA offer future
promise as prognostic markers.
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Table 4-4 Standard protocol for administration of N-acetylcysteine in acetaminophen (paracetamol) overdose,
according to the patient’s weight

PATIENT'S LEAN

INITIAL INFUSION
BAG; mL
VOLUME OF N-
ACETYLCYSTEINE
TO BE ADDED TO
200 mL OF 5%
GLUCOSE: INFUSED

SECOND
INFUSION BAG;
mL VOLUME OF N-
ACETYLCYSTEINE
TO BE ADDED TO
500 mL OF 5%

THIRD INFUSION BAG;
mL VOLUME OF N-
ACETYLCYSTEINE TO BE
ADDED TO 1000 ML OF 5%

BODYWEIGHT OVER 15-60 GLUCOSE: INFUSED GLUCOSE: INFUSED OVER
(KG) MINUTES OVER 4 HOURS 16 HOURS
50 375 12.5 25
60 450 15.0 30
70 525 175 35
80 60.0 20.0 40
90 67.5 22.5 45
X 0.75x 0.25x 0.5x

Adapted from product information (Mayne Pharma Ltd, Melbourne Vic) and Daly FFS et al. Guidelines for the management of paracetamol
poisoning in Australia and New Zealand—explanation and elaboration. Med J Aus 2008;188(5)296-302.

Non-steroidal anti-inflammatory drugs

(NSAIDs)

Overdose with NSAIDs such as ibuprofen and naproxen
are common. Mild abdominal pain, vomiting and occa-
sional diarrhea are the common manifestations. Both are
frequently self-limiting.

Urea, electrolytes and creatinine, and full blood count
should be checked on every patient presenting with NSAID
overdose. Ensure adequate hydration. Consider H, blockade
(e.g. ranitidine) for symptomatic relief of gastric pain.

Tricyclic antidepressants

Tricyclic antidepressants such as amitriptyline remain com-
monly prescribed.

e Symptoms after overdose include dry mouth, blurred
vision and impaired cognition (including anticholiner-
gic delirium).

e Signs include reduced Glasgow Coma Scale (GCS)

scores, tachycardia and seizures.

e An EKG should be taken, and monitoring continued.
Look for tachycardia and QRS prolongation >120 ms,
which predicts risk of seizures and arrhythmias; more so
if the QRS >160 ms. If the QRS >160 ms or arrhythmias
occur, administer 1 mmol/kg of IV sodium bicarbonate.

e Oral activated charcoal should be given only if the
patient is seen within 1 hour of ingestion.

e Seizures should be treated with sodium bicarbonate
(to reduce the central nervous system [CNS] penetra-
tion of the drug) and a benzodiazepine such as diazepam
10 mg IV or lorazepam.
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Newer antidepressants

Selective serotonin reuptake inhibitors (SSRIs)

SSRIs such as fluoxetine, sertraline and citalopram are less
toxic than tricyclic antidepressants in overdose. However,
arrhythmias and seizures can occur. Rarely, but especially
if a combination of serotonergic agents has been taken, then
serotonin toxicity may occur (Figure 4-12).

Serotonin toxicity is a spectrum disorder, not a dis-
crete syndrome as such. It is potentially life-threatening and
can be caused by a mixture of serotonergic drugs (acting on
5-hydroxytryptamine [5-HT] receptors) in normal or over-
dose quantities.

It is managed by stopping any further doses of 5-HT
drugs, meticulous supportive care and, where significant
features occur, cyproheptadine (which blocks 5-HT, recep-
tors in the CNS) is administered orally 12 mg stat then
4-8 mg every 4—6 hours.

Other antidepressants

¢ SNRIs (serotonin norepinephrine reuptake inhibitors)
such as venlafaxine have drowsiness as the most com-
mon clinical feature in overdose. Other effects include
seizures, tachycardia, hypotension or hypertension, and
rarely arrhythmias. Venlafaxine overdoses are not asso-
ciated with prolonged QTc¢ or QRS. EKG monitoring
and supportive care is all that is required in most cases.

* NaSSAs (noradrenergic and specific serotonergic anti-
depressants) such as mirtazapine are remarkably safe in
overdose. EKG monitoring and supportive care is all
that is required in most cases.
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Are ANY of the following sign or symptoms
present:
tremor and hyperrefexia;

Has a serotonergic agent been taken with
the past 6 weeks?

If yes, move to the right

If no, then it is not serofonin toxicity

spontaneous clonus; muscular rigidity;
temp >38°C and ocular clonus or
inducible clonus: ocular clonus and either

SEROTONIN TOXICITY

agitation or diaphoresis; inducible clonus
and either agitation of diephoresis?

If yes, move to the right

If no, then it is not serofonin toxicity

Figure 4-12 Diagnosis of serotonin toxicity.

Adapted from Dunkley EJ et al. The Hunter Serotonin Toxicity Criteria: simple and accurate diagnostic decision rules for serotonin toxicity.

QJIM 2003;96(9):635-42.

* NRIs (norepinephrine reuptake inhibitors) such as
roboxetine also seem safer in overdose. No serious
sequelae have been reported in two cases of taking up to
52 mg of roboxetine. EKG monitoring and supportive
care is all that is required in most cases.

Newer antipsychotics

These include drugs such as clozapine, risperidone, queti-
apine and olanzapine. All antipsychotic drugs block dopa-
mine receptors (D,) and serotonin (5-HT blocking). Some,
such as clozapine, olanzapine and quetiapine, also block H,
histamine and alpha-adrenergic receptors.

In overdose they can cause hypotension, tachycardia
and drowsiness. Potentially life-threatening consequences
include QT prolongation and respiratory depression. Death
has been reported after an estimated overdose of 10,800 mg
of quetiapine.

Benzodiazepines

Benzodiazepines taken alone in overdose are rarely fatal
and present with drowsiness, cerebellar signs and confu-
sion. However, the patient’s GCS score may be reduced for
24 hours. Some clinicians administer the antidote flumaze-
nil, but it is seldom needed in clinical practice and is contra-
indicated in multiple drug overdose.

Meticulous supportive care, including maintenance of
the airway, is required in those with an impaired GCS score.

Insulin and oral hypoglycemics

Overdose with these agents by diabetic patients is common.
The key principles are to work out what dose of what has
been taken, with what anticipated length of action, and to
provide additional IV blood glucose support until the effect

of the drug(s) or insulin have worn off. 50 ml IV of 50%
dextrose is frequently followed by an infusion of 10-20%
dextrose titrated to the patient’s blood glucose level. Insulin
is non-toxic if ingested.

Octreotide has been used as an antidote in severe sulfo-
nylurea (gliclazide, glibenclamide) toxicity.

CLINICAL PEARLS

e In approximately 1-2% cases of administration of
N-acetylcysteine, an anaphylactoid reaction occurs
within the first 2 hours of the infusion.

e Upto 20% of patients who overdose on NSAIDs may
experience seizures or renal dysfunction.

e In patients with a history of convulsions or toxin-
induced cardiotoxicity, or those who have ingested
tricyclic antidepressants, flumazenil may precipitate
seizures or ventricular arrhythmias.

DRUGS OF ABUSE OR MISUSE

Amphetamines

Amphetamine-related presentations account for >1% of
hospital admissions and often represent high-acuity patients
with aggressive behavior. Inadequate or inappropriate seda-
tion 1s a major clinical issue. All symptomatic patients should
have EKG, blood pressure and temperature monitoring
for >6 hours. Methamphetamine, or ‘ice’, may be injected
intravenously, swallowed or smoked.

Ecstasy (MDMA; 3,4-methylenedioxy-N-methylam
phetamine) produces feelings of euphoria and intimacy.
Patients presenting to hospital are commonly intravascularly
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deplete and hot. The heat occurs due to local muscular
production of heat and a central CNS (5-HT) source. The
amount of time the patient’s core spends at above 39°C is
critical to poor clinical outcome. Management consists of
sedation with benzodiazepines if required, cool IV fluids
(often patients need 3—5 L) and management of complica-
tions (see Table 4-5).

Cocaine and crack cocaine

Cocaine is usually sniffed or snorted into the nose, or
injected. Crack cocaine is heated and sniffed.

* Mild to moderate intoxication causes euphoria, agita-
tion, cerebellar signs, dilated pupils, headache, tachycar-
dia and hallucinations.

¢ Features of severe intoxication include convulsions,
coma, severe hypertension and stroke.

Complications include the entire list above with amphet-
amines (Table 4-5). In addition, central chest pain due to
coronary artery vasospasm and myocardial infarction (MI)
can occur. All patients should be observed with EKG mon-
itoring for >2 hours. It is important to consider the cocaine
as a precipitant, as the investigation and management differs
significantly from that of ischemic heart disease.

* Diagnosis of cocaine-related MI is difficult, as 84% of
patients with cocaine-related chest pain have abnormal
EKGs even in the absence of M1, and half of all cocaine
users have elevated creatine kinase concentrations in
the absence of MI; serum troponin is the most useful
test to date.

The cornerstones of therapy for chest pain are gencrous
doses of benzodiazepines to decrease central adrenergic
stimulation, high-flow oxygen, nitrates (sublingual and

intravenously) and aspirin. Patients with ongoing ischemia
can be treated with low doses of calcium-channel blockers
(verapamil) or alpha-blockers (phentolamine). Avoid beta-
blockers because of the risk of enhancing coronary vaso-
constriction and and the theoretical risk of unopposed alpha
stimulation which would cause uncontrolled hypertension.

Patients with continuing chest pain and/or EKG find-
ings despite these measures should proceed to coronary
angiography.

Gammahydroxybutyrate (GHB)

GHB is ‘liquid Ecstasy’ and has a mild seaweed flavor. It is
taken in small amounts to achieve a high, but dosing is dif-
ficult and newer users in particular may experience sedation
problems. Patients present with a diminished GCS score
with small or midpoint pupils. They often recover spon-
tancously within a few hours, with airway and sometimes
respiratory support.

CLINICAL PEARL

Patients with gammahydroxybutyrate toxicity present
with a diminished GCS score with small or midpoint
pupils. The differential diagnosis is opioid poisoning.

Opioids, such as heroin or morphine

Patients poisoned with opioids present with reduced GCS
score, reduced respiratory rate and volume, and small pupils.
Provision of an adequate airway and ventilation is critical to
good outcome in most cases.

Reversal of the poisoning is achieved by administration
of 0.8-2 mg IV naloxone (IV is better than IM—titrate

Table 4-5 Complications of amphetamine intoxication (including Ecstasy)

COMPLICATION HOW COMMON? MANAGEMENT

Hyponatremia due to syndrome of Very rare Water restriction

inappropriate ADH secretion (SIADH)

Intracerebral hemorrhage Uncommon CT/MRI required if any focal neurological signs are
present or GCS score is reduced

Serotonin toxicity Uncommon Cyproheptadine (as above under SSRIs)

Hypertension Uncommon GTN infusion, benzodiazepines, labetalol (mixed
alpha- and beta-antagonist)
Avoid beta-blockers

Hyperthermia Common Cooling measures, diazepam, specific 5-HT agonists
such as cyproheptadine

Rhabdomyolysis Uncommon [V fluids, cooling measures

Supraventricular and ventricular Uncommon Short-acting antiarrhythmic drugs, e.g. esmolol for

tachycardia SVT

Seizures Uncommon IV diazepam

5-HT, 5-hydroxytryptamine; ADH, antidiuretic hormone; CT, computed tomography; GCS, Glasgow Coma Scale; GTN, glyceryl trinitrate;

IV, intravenous; MRI, magnetic resonance imaging; SSRIs, selective serotonin reuptake inhibitors; SVT, supraventricular tachycardia.
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against GCS score, respiratory rate and oxygen saturations).
A common pitfall is giving inadequate doses as an infusion
after the initial bolus. As a rule of thumb, this should be % of
the dose required to initially rouse the patient, per hour.

CLINICAL PEARLS

» Reverse opioid poisoning by administering 0.8-2 mg
IV naloxone boluses (IV is better than IM—titrate
against GCS score, respiratory rate and oxygen satu-
rations).

« A common pitfall is giving inadequate doses as an
infusion after the initial bolus. As a rule of thumb, this
should be % of the dose required to initially rouse
the patient, per hour.

Prescription drug abuse

Prescription drug abuse in some countries is now overtaking
illicit drugs as a cause of poisoning. There is high abuse and
poisoning potential for oxycodone, methadone and other
opioids, and for benzodiazepines such as alprazolam and
oxazepam. In terms of risk of death per 100,000 single-
substance exposures, methadone and morphine rank among
the highest in the world.

Synthetic cathinones, e.g. ‘vanilla sky’,
‘ivory wave'

Synthetic  cathinones  include  mephedrone,  3,4-
methylenedioxypyrovalerone and 3,4-methylenedioxy-N-
methylcathinone (MDMC; also known as methylone).
They are beta-ketone analogues of amphetamines. Sold as
‘bath salts” or ‘gas stations’ on the internet, the packs usu-
ally say ‘not for human consumption’. They are abused for
stimulant effect and smoked or ingested orally. Case reports
demonstrate dependency and deaths, nose bleeds, high sui-
cidality, CNS stimulation, and cardiac toxicity with possi-
ble QTc¢ prolongation. They may not cross-react with urine
assays for amphetamines.

Synthetic cannabinoids, e.g. ‘spice’, ‘K2’
Synthetic cannabinoids are cyclohexylphenolaminoalkylin-
doles and include many different products with a high aftin-
ity for CB, and CB, receptors with active metabolites. They
are more potent than tetrahydrocannabinol (THC) from
cannabis. They are sold as ‘herbal incense’ products on the
internet or in shops. These are abused by smoking and there
are case reports of tolerance, dependence and withdrawal,
with attendant driving issues. Recently a case was reported
in New York with seizures, sinus tachycardia and a creatine
kinase level of 2700 TU/L.

Drink spiking

Most poisoning from drink spiking is due to alcohol. On rare
occasions, drinks are spiked with additional drugs such as
GHB or short-acting benzodiazepines. If samples of urine and
blood are obtained from patients, they should be taken as soon
as possible for toxicology screening, using legal precautions.
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CHEMICALS

Many toxic chemicals exist in houschold environments,
such as bleaches, acids, alkalis, toxic alcohols and pesticides.

Acids and alkalis

These are corrosive, with oral cavity and pyloric injury more
likely with acids and esophageal injury with alkalis. Endos-
copy may be required to assess the degree of injury, and sur-
gery may be necessary in a minority of cases. Do not empty
the stomach, as this carries the risk of lung aspiration. Water
should be givcn.

Chlorine

This is commonly available for swimming pools, and may
also be released when acid cleaners are combined with
bleaches. Respiratory irritation, coughing and broncho-
spasm may occur, which are managed with nebulized bron-
chodilators such as salbutamol. Rarely, a delayed pulmonary
edema may occur.

Pesticides

These are taken in overdose, especially in rural settings.
They include organophosphorus (OP) insecticides, glypho-
sate and permethrins. Occasionally paraquat is taken, which
is of particular concern because of the lack of effective treat-
ment options.

Most pesticide poisoning is treated with meticulous
supportive care, including ventilatory support as required.
Atropine is the most commonly used antidote in organo-
phosphorus insecticide poisoning. Oximes were once used
to reactivate phosphorylated acetylcholinesterase at nerve
endings. How effective oximes are is very much in question,
resulting in their diminishing use globally.

The fatality rate following deliberate ingestion of OPs in
developing countries may be as high as 70%. Three sequen-
tial phases are seen after ingestion; see Table 4-6 (overleaf).

Lead poisoning

Exposure to lead is common from mining and smelting
sources. High lead levels are associated with neurological
(e.g. motor neuropathy), hematological (e.g. anemia, baso-
philic stippling) and gastrointestinal effects (e.g. abdominal
pain). The World Health Organization’s current blood lead
action intervention level is 10 microg/dL. Evidence is build-
ing of neurocognitive deficits with chronic low lead levels
(<10 microg/dL).

The primary management for lead intoxication is to
reduce or prevent exposure, although in cases where lead
concentration in the blood exceeds 45 microg/dL, chelation
therapy with dimercaptosuccinic acid (DMSA) or 2,4-dim
ercapto-1-propanesulfonic acid (DMPS) is indicated. Spe-
cialist advice is needed for this.

SPIDER BITES

The majority of spider bites cause only minor eftects (local
swelling, pan, redness and itch). Most bites require no
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Table 4-6 Phases in organophosphorus poisoning

TIME AFTER
PHASE EXPOSURE LASTS CLINICAL FEATURES MANAGEMENT
Acute cholinergic Within 1 hour 48-72 hours Miosis, muscle fasciculation, | Plasma cholinesterase
syndrome followed by limb, respiratory | confirms exposure
and sometimes extraocular Remove contaminated
muscle paralysis clothes, give oral
activated charcoal,
IV atropine reverses
bronchorrhea,
bradycardia and
hypotension
Role of oximes is
contentious
Intermediate More than Progressive muscle Complete recovery is
syndrome (IMS) 48 hours weakness due to possible with ventilatory
neuromuscular junction care
failure
Organophosphate- 1-3 weeks or with Degeneration of long Supportive care
induced delayed chronic exposure myelinated nerve fibers Recovery often
polyneuropathy lead to paresthesiae and incomplete
(OPIDN) progressive limb weakness
Modified from Karalliedes L, Chapter 4, in JA Innes (ed), Davidson's Essentials of medicine. Edinburgh: Elsevier, 2009.

specific measures beyond analgesia, but a few species can
cause severe and systemic features, in which case the appro-
priate antivenom is used.

SNAKE BITES

Snake bite is a common life-threatening condition in many
countries; farmers, soldiers, rice-pickers and hunters are at
particular risk, as are leisure travelers whose alcohol-fueled
curiosity leads to unwanted encounters with snakes. Not all
bites lead to envenomation, i.e. ‘dry bites’.

First aid for snake bite is immobilization and appropriate
pressure immobilization bandaging, although guidelines
specific to country and species vary on this. Identification
of the type of snake is made from direct visual identifi-
cation of the snake, which is unreliable, and where avail-
able using venom detection kits from the wound’s bite
site (best) or urine (less good). This aids the choice of
antivenom to be administered intravenously. In general,
it is better practice to give specific snake antivenom than
polyvalent antivenom, because of the higher risk of adverse
reactions with the polyvalent antivenom. Additional tests
such as coagulation and platelet counts are required in
some cascs, ¢.g. brown snake envenomation, and guidance
on the management of snake bite from an experienced
toxinologist is recommended.

Cardiovascular, respiratory and renal support may be
needed, as may treatment for coagulopathies. Most patients
who receive medical attention in developed countries sur-
vive their envenomation.
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MARINE ENVENOMATION

* Bluebottle (Physalia spp.) stings are common and can be
treated with warm water.

* Toxic jellyfish such as the box jellyfish (Chironex fleckerit)
can cause death from acute respiratory failure or acute car-
diac arrest. Acetic acid (vinegar) is used on the tentacles of
adherent box jellyfish to inactivate nematocysts, but if not
available then tentacles should be removed without delay,
taking precautions to protect your skin as you do so. An
antivenom is available for the box jellyfish.

* Carukia barnesi and other jellyfish can cause Irukandji
syndrome—headache, hypertension, severe muscular
and abdominal pain, elevated troponin I levels, cardiac
dystunction (with MI in about a third of patients). Sys-
temic magnesium, in slow boluses of 10-20 mmol, may
attenuate pain and hypotension in Irukandji syndrome.

* The blue-ringed octopus (Hapalochaena maculosa) yields
a potent neurotoxin which may first manifest itself with
paresthesiae, tightness in the chest, cranial nerve palsies,
e.g. bulbar palsy, followed by respiratory arrest. The best
management is intubation if required and supportive
care.



TERRORISM, AND USE OF
MEDICAL COUNTERMEASURES

Chemical agents

As a hopefully never-in-a-lifetime event, physicians may
be required to manage patients who have been exposed to
terrorist activity. Mass sickness or fatalities occurring over
a short period, all exhibiting the same types of symptoms
and signs, or patients reporting unusual smells or tastes
might alert clinicians to the possibility of an attack having
occurred. Management of such situations requires resolve,
calmness and specific knowledge, much of which is readily
available and frequently updated on government prepara-
tory and emergency websites, e.g. those of the Centers for
Disease Control and Prevention (CDC), Agency for Toxic
Substances and Disease Registry (ATSDR) and health
departments. Diagnostic features and broad principles of
care are discussed here.

If people have been exposed to toxic chemicals it is vital
that thorough decontamination takes place before medical
care can continue beyond the principles of airway, breathing

Table 4-7 Possible toxidromes after chemical attack

Chapter 4 Clinical pharmacology and toxicology

and circulation support, and perhaps even antidote admin-
istration where early administration is critical to outcome
(i.e. ABCD). Decontamination after a chemical terrorism
event usually occurs near the incident site and is undertaken
by the fire services (e.g. Hazmat teams) in most countries.
In addition, minor decontamination facilities are available in
key emergency departments for patients presenting directly
to such facilities. After decontamination, it is important to
look for signs of toxidromes (Table 4-7), while protecting
staff with personal protective equipment (PPE) of the appro-
priate level (see local emergency department policy on PPE).

Biological agents

Unlike chemical attacks, where the features often develop
within minutes, incubation times of biological agents often
allow victims to spread far away and then present to their
local healthcare providers. Diagnostic skills, attention to
hygiene to avoid spread by respiratory or direct skin contact,
and antimicrobials appropriate to the underlying diagnosis
together with excellence in communication underpin effec-
tive clinical care (Table 4-8, overleaf).

SIGNS AND SYMPTOMS

LIKELY EXPOSURE

RELEVANT MANAGEMENT

Difficulty in seeing and breathing,
miosis, bronchorrhea, reduced
consciousness, weakness and
fasciculation, i.e. acute cholinergic
syndrome

Nerve agent*

Airway, breathing, circulation

Atropine and antidote, e.g. DuoDote
(contains atropine and oxime) to be given
quickly after exposure. Note that not all
nerve agents, e.q. sarin, respond to oximes

Diazepam improves survival
Intubation and ventilation as required

Decreased plasma or red blood cell
cholinesterase suggests a diagnosis of
poisoning

Skin burns (mustards sometimes
smell like garlic, onions or mustard)

Acids, alkalis, mustard agents

Decontaminate appropriately and treat as
for burns

Bronchospasm, coughing, painful Chlorine

eyes, i.e. irritant syndrome

Skin decontamination, bronchodilators

Beware the potential for late-onset
pulmonary edema

Respiratory distress, fever, cough,
nausea, chest tightness, pulmonary
edema (if inhalational exposure),
vomiting and diarrhea (if ingestion),
low blood pressure, respiratory
failure. Death within 72 hours

Ricin* (derived from castor beans)

Supportive medical care, e.g. intravenous
fluids, ventilatory support

No known antidote

Activated charcoal if suspected recent
ingestion

Very rapid symptoms after exposure,
that include lightheadedness, rapid
breathing, emesis, respiratory
depression, opisthotonus, seizures
and cardiac arrest

Hydrogen cyanide*

Supportive care, e.g. cardiopulmonary
resuscitation—care is needed to avoid direct
oral to oral contact

The antidote of choice is
hydroxycobalamin, and must be given as
quickly as possible after exposure

Control and Prevention www.bt.cdc.gov.

* Management information sourced from the Emergency Preparedness and Response section of the website of the Centers for Disease
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Table 4-8 Clinical features and management of biological agents

CLINICAL SIGNS AND SYMPTOMS

LIKELY AGENT

MANAGEMENT

Bacillus anthracis infection occurs in three forms:

1. Cutaneous—itchy lump which develops into a
vesicle, then a painless ulcer 1-3 cm in diameter
with a typical black (necrotic) area in the center

2. Inhalation—common cold symptoms (EXCEPT
rhinorrhea), followed by severe breathing
difficulty and cardiovascular system shock.
Usually fatal

3. Gastrointestinal—nausea, vomiting, fever
followed by abdominal pain, hematemesis and
severe diarrhea. Death occurs in 25-60% of
cases

Anthrax
(B. anthracis)

Meticulous supportive care, ciprofloxacin
500mg twice daily or doxycycline pending
sensitivity results.*

Acute generalized vesicular or pustular rash,
deep-seated, hard and well-defined lesions in
the same stage of development, with the greatest
concentrations on the face and distal extremities,
oral mucosa and soles

Patient looks "toxic’

Note that a smallpox diagnostic risk calculator is
available at www.bt.cdc.gov/agent/smallpox

Smallpox
(Variola major)

Isolate all cases and face-to-face or
household contacts after the onset of fever,
and give supportive care

No currently effective antibiotic or immune
therapy

Vaccination for contacts, including up to the
first few days after exposure*

Bubonic plague is the most common manifestation
with a painful ‘bubo’ occurring in the groin, axillae
or cervical lymph nodes

If untreated, septicemia and a pneumonic process
results. Pneumonic plague is characterized by high
fever, chills and breathing difficulty

Plague
(Yersinia pestis)

Take laboratory samples (lymph node
aspirate, blood cultures, sputum). Gram-
negative organisms with a ‘'safety pin’
appearance provide a rapid presumptive
diagnosis

Begin antibiotic immediately—streptomycin
1 g twice daily or gentamicin 5 mg/kg/day

With foodborne botulism, symptoms begin within
6 hours to 10 days after eating the toxin-containing
food

Symptoms include blurred vision, double vision,
drooping eyelids, slurred speech, difficulty
swallowing, and muscle weakness that moves
down the body—first shoulders, then arms, then
breathing

Note that there is no person-to-person spread

Botulism
(Clostridium
botulinium toxin)

Meticulous supportive care, including
ventilator support where necessary

Antitoxin is available*

Severe hemorrhagic fever

Filoviruses (Ebola,
Marburg)

Isolation to disrupt further transmission
No known effective treatment*

Severe hemorrhagic fever

Arenaviruses

(Lassa fever,
Junin—Argentine
haemorrhagic fever)

Supportive care

Prevention (CDC) www.bt.cdc.gov.

fact sheets).

* Information sourced from the Emergency Preparedness and Response section of the website of the Centers for Disease Control and

# Information sourced from the CDC website: http://www.cdc.gov/ncidod/dvrd/spb/mnpages/dispages/vhf.ntm (filovirus and arenavirus
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SELF-ASSESSMENT QUESTIONS

For the following questions, one or more responses may be correct.

1 The bioavailability of an oral preparation of a new drug is assessed in a cross-over study. The summary results of the
cross-over study are shown below.

Route \Y Oral

Dose 20 mg 50 mg

Crax 2 mg/L 0.5 mg/L

AUC 60 mg.h/L 30 mg.h/L

AUC, area under the curve; C,,,. maximum concentration; IV, intravenous.

What is the oral bioavailability of this drug?
80%
60%
40%
20%
10%

2 A drugis 70% renally eliminated and 30% metabolized by cytochrome P450 3A4. The usual dose is 100 mg twice a day.
Your patient has a stable creatinine clearance of 30 mL/min (normal is approximately 100 mL/min). What dose would
achieve ‘usual’ drug concentrations? This drug is available in 30 mg and 100 mg scored tablets.

100 mg twice a day
100 mg daily

60 mg daily

30 mg twice a day
30 mg daily

mgOw@>X>

mgOw@>

3 A patient treated for hypertension comes for review. 24-hour blood pressure monitoring shows she is under-treated.
You double the dose of her medication but there is minimal change in her blood pressure. What is the most likely
explanation for the minimal response to the doubling of the drug dose?

The patient is not taking the drug.

The patient has secondary hypertension.

The patient has very high drug clearance.

There is a drug—drug interaction.

The patient is already at the top of the dose—response curve.

mgOw@>

4 Drug toxicity due to unintended drug—drug interactions is most commonly caused by what mechanism?

A Displacement from protein binding.

B Inhibition of p-glycoprotein efflux transporters.
C Inhibition of drug-metabolizing enzymes.

D Inhibition of renal drug transporters.

E Induction of drug absorption.

5 A 40-year-old tells you he had a rash when given penicillin as a child. He has not had penicillin since. What should you
advise him?

He is at high risk of anaphylaxis if exposed to penicillin antibiotics and should wear a Medic Alert bracelet.

He should undergo desensitization to penicillin.

He should undergo further assessment for penicillin allergy.

He could be treated with penicillin if necessary but should also receive a corticosteroid and an antihistamine.
He is at low risk of future adverse reactions and can have penicillin antibiotics if needed in the future.

mgOw@>X>

6 Cost—efficacy analyses are frequently undertaken to assess whether a new drug should be funded by the government
or an insurer. In a cost—efficacy analysis, what is the best description of efficacy?

Improvement in primary outcome for patients treated with the new drug compared with placebo.
Benefit — harm of the new drug compared with placebo.

Benefit — harm of the new drug compared with usual care.

Change in mortality of the new drug compared with placebo.

Change in mortality of the new drug compared with usual care.

mgOm@>X>
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7 Which of the following is the best antidote for hydrogen cyanide poisoning?

Oxygen
Hydroxycobalamin
Sodium thiosulfate
Dicobalt edetate
Amyl nitrite

mgOw>X>

8 Which of the following is not a feature of late acetaminophen (paracetamol) poisoning in humans?

Right upper quadrant abdominal pain
Renal-angle tenderness on palpation
Prolonged prothrombin time
Methemoglobinemia

Nausea

mgOw@>

9 Poisoning with which of the following does not cause mydriasis (dilated pupils)?

Benzodiazepines
Organophosphorus insecticides
Tricyclic antidepressants
Antihistamines

Ice (methamphetamine)

mgOw@>X>

10 Which of the following is not true of snake bites?

The populations most at risk are rural farming ones.

Antivenins are almost always needed to treat victims.

Bite-site testing for venom detection is the preferred diagnostic tool.
Compression bandaging is recommended as a first aid measure.
Administration of antivenin may be associated with an anaphylactic reaction.

mgOw@>

11 Which of the following is not true of ricin?

A ltis an extract from the castor bean.
B It can cause pulmonary edema.
C It has an antidote.
D It can cause systemic hypotension.
E It can cause vomiting and diarrhea.
ANSWERS
1D

Bioavailability is the proportion of the dose reaching the systemic circulation. As all of an IV dose enters the systemic
circulation, oral bioavailability can be calculated by comparing the drug exposure (AUC) of the oral dose vs the |V dose.
The oral AUC is half the IV AUC, but only 40% of the oral dose was given IV. Half of 40% is 20%. Thus, 80% of the oral dose
is either not absorbed or is metabolized before it reaches the circulation (first-pass metabolism).

2 B.

Metabolism is likely to be unchanged, and it is only the renally cleared portion that will be affected by the renal
impairment. With 30% metabolic clearance and about 20% renal clearance (i.e. one-third of 70%), this patient will have
about half normal clearance and the half-life will be doubled. Either the dose could be halved or the dose interval could be
doubled. A single tablet once a day is simple, as well as being about the right dose. This will give this patient a starting dose
that gives a similar drug exposure to other patients. The dose of every patient still needs to be adjusted based on patient
response.

3 AorE.

Poor adherence to drug treatment is the most common cause of treatment failure in chronic care, particularly for
asymptomatic conditions. Secondary hypertension occurs in a significant minority of patients with hypertension and
should always be considered, but is not a good explanation for lack of dose response. Many drugs of wide therapeutic
index are given in doses at the top of their dose-response curves, and therefore increasing the dose often has only a small
effect on response. Variability in drug clearance and drug interactions always need to be considered, but are less likely
explanations of the lack of response on increasing the dose.

4 C.

Drug interactions cause drug toxicity either by an additive effect or by increasing a drug concentration, as in this

case. Inhibition of drug-metabolizing enzymes is the most common cause of drug toxicity due to a pharmacokinetic
interaction. Displacement from protein binding only causes a minor transient increase in drug concentration. Increased
drug absorption by inhibition of efflux transporters or decreased renal excretion can both cause clinically important drug
toxicity.

54



5

10

11

Chapter 4 Clinical pharmacology and toxicology

G

Anaphylaxis to penicillin is potentially fatal and is one of the most common drug causes of anaphylaxis. However, rashes
at the time of febrile illnesses are common, especially in children. Many people are incorrectly labeled as being allergic to
penicillin, and not having access to a major group of antibiotics can compromise the treatment of some conditions. It is
not usually possible to make a diagnosis one way or the other on the basis of a distant history of rash. Investigation of drug
allergy is a specialized area and suspected cases should be referred to an immunologist.

C.

In considering whether to fund a new drug, a comparison with current practice should always be made. If the drug were
better than placebo but not as good as current care, it would not offer a clinical advantage. The correct comparator is thus
usual care. In assessing the clinical value of the drug, we are interested in net efficacy, the sum of the benefits minus the
sum of the harms. If the drug is more effective than current treatments, we may be prepared to pay more for it.

B.

While oxygen, sodium thiosulfate, dicobalt edetate and amy! nitrite have all been used in cyanide poisoning,
hydroxycobalamin has the best benefit with the fewest side-effects and is the current antidote of choice.

D.

Methemoglobinemia occurs in cats but not humans after acetaminophen overdose. Right upper quadrant tenderness
and nausea often reflect hepatic injury and the need to check liver function tests including clotting (prothrombin time or
international normalized ratio). Renal-angle tenderness, while rarer, can indicate kidney injury and prompts the need to
check renal function tests.

B.

Opioids, organophophorus insecticide exposures and nerve agents can cause miosis (pin-point pupils).

B.

Bites from snakes may be ‘dry’ and antivenin is not usually administered unless signs of envenomation occur. Antivenin is
potentially antigenic and reactions do occur. Where venom detection kits are available, e.g. in Australia, bite-site testing of
venom for venom detection is preferred, together with positive identification of the snake if possible.

G
There is no known antidote to ricin poisoning.
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CHAPTER OUTLINE

OVERVIEW

THE FLOW OF GENETIC INFORMATION

— Transcription
— Translation
— Regulation

GENETIC VARIATION
MENDELIAN DISEASES

CALCULATING THE RISKS OF DISEASE
— Some examples

GENETICS

John Attia

GENETIC TESTING IN MEDICINE

Cytogenetic studies

Fluorescence in situ hybridization (FISH)
Sequencing

Polymerase chain reaction (PCR)

COMMON CHROMOSOMAL GENETIC
CONDITIONS

— Down syndrome
— Turner syndrome
— Klinefelter syndrome

OVERVIEW

e There are 23 pairs of chromosomes in the human

genome: 22 pair of autosomes and 1 pair of sex chromo-
somes (Figure 5-1). One copy of each pair is inherited at
fertilization, one from the father through the sperm and
one from the mother through the egg.

Chromosomes are made of deoxyribonucleic acid
(DNA) complexed with various proteins (histones and
non-histones); sce Figure 5-2. Each chromosome has a
centromere, where the DNA is tightly packed, and telo-
meres, which is the name given to the ends of the chro-
mosome. The centromere is not quite in the center
of the chromosome, creating a short arm (called p for

‘petit’, meaning ‘small’ in French) and a long arm (called
q for ‘queuc’, meaning ‘tail’ in French).

DNA is a double-stranded helix (Figure 5-3) made up
of nucleotides; each nucleotide is made up of a sugar and
a phosphate group linked to one of four different bases:
adenine or guanine (called purines), or cytosine or thy-
mine (called pyrimidines).

» Adenine (A) on one DNA strand of the helix pairs
with thymine (T), and guanine (G) pairs with cyto-
sine (C).

» RNA (ribonucleic acid) has a different base, uracil
(U), instead of thymine.

The total genome (the DNA across all chromosomes)
is 3.1 billion base pairs (bp).
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Figure 5-1 Human karyotype (male)

From Strachan T and Read A. Human molecular genetics, 4th ed.
New York: Garland Science, 2011.

THE FLOW OF GENETIC
INFORMATION

* The general flow of information was thought to be
from one gene on the DNA to one on the RNA to one
protein, although recent discoveries have substantially
expanded this paradigm, described in the sections on
transcription and translation, below.

* Only 1.1% of the genome (total DNA) consists of
protein-coding genes; this represents around 20,000
genes in total. Another, smaller, portion of the genome
consists of RNA-coding genes, of which around 6000
exist (see section on regulation, below). The function of
the remaining vast majority of DNA is unclear.

Transcription

* A protein-coding gene is converted to messenger RINA
(mRNA) by RNA polymerase II in a process called
transcription. During this process, the DNA helix is
unwound and a copy of the ‘sense’ strand is created. The
process of transcription is upregulated by a number of
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Figure 5-2 Packaging of deoxyribonucleic acid (DNA)
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Figure 5-3 DNA helix. A, adenine; C, cytosine;
G, guanine; T, thymine

From Strachan T and Read A. Human molecular genetics, 4th ed.
New York: Garland Science, 2011.

proteins that bind to specific sequences at the start
of each gene.

These specific sequences at the start of each gene are
called promoters and come in different ‘flavors’
(Figure 5-4):
» the “TATA’ box, found about 25 bp from the start
of the gene (shown in orange)
» the ‘GC’-rich box, found in place of TATA in some
genes (shown in blue)
» the ‘CAAT’ box, found 80bp from the start of the
gene (shown in purple).
Enhancers perform the same function as promoters
but are typically found much further away from the
gene and help to express genes in the right tissues. The
DNA loops out to bring the promoter and the enhancer
together to stimulate the transcription of a particular
gene.

uncoiling o enable
high-level gene
expression

looped domain

chromatin

scaffold of nonhistone proteins

From Strachan T and Read A. Human molecular genetics, 4th ed. New York: Garland Science, 2011.
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Figure 5-4 Location of promotors (A) and enhancers (B) relative to the start of a coding region (labeled +1)

From Strachan T and Read A. Human molecular genetics, 4th ed. New York: Garland Science, 2011.

* Once the DNA has been transcribed into messenger
RINA (mRNA), the mRINA moves to the cytoplasm to
act as the blueprint for one or more protein(s).

e The coding sequences of genes can overlap so that a
stretch of DNA can code for many different mRINAs; it
is the promoters and enhancers that are responsible for
deciding which gene is transcribed.

Translation

e Not all of the mRINA molecule codes for protein. The
mRNA sequence consists of coding sections (called
exons) and ‘intervening sections’ (called introns).
In a process of ‘splicing’, the introns are removed and
the coding exons are brought together (Figure 5-5).
This splicing is variable, such that different exons can
be brought together to code for different forms of the
same protein (called isozymes or isoforms) or to form
completely different proteins. For example, the pro-
opiomelanocortin gene codes for one mRINA that can

(A) Transcription unit
I 1
exon 1 intron 1 exon 2 intron 2 exon 3
gh=mmeenes oo I - --->s [l

lTronscripﬁon of gene

(B)
El E2 YE3
gue--se-ee- ag gu----ag |
Cleave primary RNA transcript
at ¥ and discard intronic
Q sequences 1 and 2
El E2 ﬁ3
Splicing of exonic sequences 1, 2
and 3 to produce mature RNA
(b} El E2  E3

Figure 5-5 Splicing of a mRNA transcript, with (B)
transcription, (C) cleaving and (D) splicing together
of a transcript

From Strachan T and Read A. Human molecular genetics, 4th ed.
New York: Garland Science, 2011.

be the blueprint for three different proteins and four
related proteins.

» Splicing is carried out by a complex of proteins
and RNA (called small nuclear ribonucleoproteins
(snRINPs), the ‘spliccosome’ (Figure 5-6).

» Introns are usually recognized because they start
with GT and end with AG (the GT-AG rule),
although this is obviously not the only cue.

e The mRNA transcript also undergoes other changes,
where the start of the transcript is ‘capped’ by a special
guanine and a long tail of adenines is added to the end
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]
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donor and acceptor
sites and splicing
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Figure 5-6 Mechanism for splicing a transcript, with
(B) recognition of splice sites, (C) SnRNP complex
formation and (D) removal of intron

From Strachan T and Read A. Human molecular genetics, 4th ed.
New York: Garland Science, 2011.
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of the transcript (a ‘poly-A tail’). These modifications
influence the location, function and degradation of the
transcript.

e The sequence of the mRINA is translated into a chain
of amino acids (a protein) via the ribosome, which is
a complex of proteins and various ribosomal RNAs
(rRINA, specified by RNA-coding genes); Figure 5-7.

» The ribosome is composed of a large and a small
sub-unit. Starting at the beginning of the mRNA,
the ribosome looks for the start signal, the nucleo-
tide sequence AUG. This is the ‘start codon’ and
codes for methionine; every protein therefore begins
with this amino acid which is later cleaved off.

» The ribosome then reads each group of three nucleo-
tides (codon) on the mRINA and brings in the cor-
responding amino acid. This amino acid is bound
to a transfer RNA (tRINA), another in the family of
RNAs specified by RNA-coding genes. The ribo-
some catalyzes the bonding of each amino acid to
the previous one as it moves along the mRNA.

» When the ribosome hits a ‘stop codon’, it stops add-
ing amino acids and releases the protein; there are
three codons that signal a stop.

*  Multiple ribosomes can bind a single mRINA, meaning
that multiple protein molecules can be made from the
one mRNA template.

Regulation

The greatest change in genetic dogma in the past 30 years has
been the discovery of the role of RNA in gene expression.

We have mentioned that RNA-coding genes are the
blueprint for RINA that will be part of the ribosome (rRINA)
or form transfer RNA (tRNA) or be part of the spliceosome
(snRINA). Another class of non-coding RNA is microRINA
(miRNA) or small interfering RNNA (siRNA). Both are
short RINA molecules, about 20 nucleotides long, that
interfere with mRNA translation. miRNA binds a com-
plementary sequence on an mRINA molecule and causes its
degradation, while siRNNA binds and blocks the sequence,
leading to repression of translation. Because of imperfect
binding, one miRNA or siRNA can downregulate many
different mRNAs (Figure 5-8).

Another mechanism of regulation is through epigenetic
changes. ‘Epigenetics’ refers to heritable changes that are
mediated through mechanisms other than a change in DNA
sequence. The two main epigenetic mechanisms are:

* Histone modification—the most common modi-
fication is acetylation of the histone protein (addition
of an acetyl group), but other mechanisms include
methylation (addition of a methyl group), ubiquityla-
tion (addition of ubiquitin, a 76 amino acid protein that
tags proteins for destruction), phosphorylation (addition
of a phosphoryl group) and sumoylation (addition of a
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Figure 5-7 Process of translation with (B) binding of an amino acid, (C) covalent addition to the nascent protein

and (D) progress along the mRNA transcript

From Strachan T and Read A. Human molecular genetics, 4th ed. New York: Garland Science, 2011.
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Figure 5-8 Mechanisms of regulation by small RNAs. DNMT, DNA methyltransferase, HMT, histone
methyltransferase; RISC, RNA-induced silencing complex; RITS, RNA-induced transcriptional silencing
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SUMO protein, a class of small proteins that direct pro-
teins in cellular traffic). These histone modifications are
thought to affect the packing of the DNA and hence the
ability to transcribe and translate DNA.

* Methylation—this consists of the addition of a methyl
group to the DNA (not to protein, as in histone mod-
ification). The methyl group is attached to a cytosine
that is next to a guanine, i.e. a CG sequence. Stretches
of CG sequences are called CpG islands (where the p
represents the phosphate group in the DNA backbone).
This methylation tends to ‘silence’ the gene and prevent
transcription.

GENETIC VARIATION

The Human Genome Project has revealed that humans are,
on average, >99% identical in their DNA sequences, mean-
ing that all the variation we see in appearance, color, height,
build, etc. is due to the 1% difference (plus environmental
differences). Although this sounds small, 1% of 3 billion bp
is still 30 million bp.

These differences, called polymorphisms, may take a
number of different forms (Figure 5-9, overleaf):

e the presence or absence of an entire stretch of DNA
(insertion/deletion  polymorphisms), a wvariation of

which involves DNA duplication, called copy number
variation (CNV)

* repeating patterns of DNA that vary in the number
of repeats; each repeating ‘unit’ may vary from 2-3 to
hundreds of base pairs long and may repeat a few times
to hundreds of times

* a change in a single base pair, called a single-nucleotide
polymorphism (SNP; pronounced ‘snip’); this is by far the
most common kind of variant.

What constitutes the difference between a variant that is
normal (polymorphism) and a variant that is pathogenic
(mutation)? Ultimately, it is the functional impact of the
variant on the protein that provides the answer. However,
frequency of the variant is often a surrogate, presumably
because of selection against a poorly functioning or absent
protein; a variant that is found at a frequency of 1% or more
in the population is often judged to be a polymorphism,
whereas a variant found in less than 1% is judged to be a
mutation.

Some variants are present in parts of the gene that are
translated, i.e. that code for proteins. Because the genetic
code that governs the matching of codons to amino acids
is redundant, a change in the DNA may mean that the
same amino acid is coded for; this is called a synonymous
change. However, a number of other possibilities arise:
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Figure 5-9 Common (wild type) allele (A) and the
four types of genetic polymorphism (B)

* A missense mutation means that a single nucleotide
variant has changed a codon to specify a different amino
acid, i.e. a non-synonymous change. The effect of this
change will be smaller if the new amino acid is in the
same class as the old one, or larger if the new amino acid
is in a different class. This may lead to alteration, loss, or
a completely new function of the protein.

* A nonsense mutation means that the single nucleotide
variant has created a premature stop codon, leading to
loss of function of that protein.

e A frameshift mutation means that an insertion or a
deletion has shifted the coding frame and how codons
are read, usually creating a premature stop codon.

e A variant may change the splice sites, cither blocking
proper splicing or creating a new splice site.

A note about terminology and notation: the point along the
DNA at which a genetic variant is found is called a locus.
The ‘normal’ sequence at that locus is denoted by a capi-
tal letter, and the variant or mutant sequence is denoted by
a small letter: for example, someone who has the ‘normal’
base at a SNP locus on the maternal chromosome and the
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‘variant’ base on the paternal chromosome is denoted Aa
(heterozygote); someone with a normal sequence at both
chromosomes is denoted AA (homozygote normal); and
someone with a variant at both chromosomes is denoted aa
(homozygote variant).

MENDELIAN DISEASES

Some characteristics or functions depend on only a single
gene; consequently, mutations in that gene are highly likely
to cause disease. These are the traditional genetic diseases,
e.g. cystic fibrosis or Huntington disease.

Other characteristics are governed by a few genes (oligo-
genic) or by many genes (polygenic); variants or mutations
in each of these genes will individually increase or decrease
the risk of disease by a little; examples of these ‘complex
discases’ are diabetes, obesity, inflammatory bowel discase,
and asthma.

It is important to understand the patterns by which
mutations can lead to disease.

e A ‘dominant’ mutation means that one copy of the
mutation at a locus is enough to cause the full disease,
e.g. people with Aa or AA both have the disease.

* A ‘recessive’ mutation means that two copies of the
mutation at a locus are needed to cause the full disease,
e.g. only people with aa have the disease. Those with Aa
do not show the disease but are carriers for it.

¢ A ‘co-dominant’ or ‘additive’ mutation means that there
is a gene dosage effect. Those with one copy of the muta-
tion, Aa, have some degree of the discase; and those with
two copies, aa, have the full disease. This is usually the
mode of action of genes involved in complex diseases.

The symbols used for a genetic pedigree are shown in
Figure 5-10. The dominant and recessive modes of action
lead to five different patterns of inheritance in families, and
it is important to recognize these when presented with a
pedigree.

1 Autosomal dominant: an affected person usually
has at least one parent with the mutation. The parent
may or may not express the condition (i.e. be affected
by it), depending on the penetrance (see below) of the
mutation. However, the condition may also be due to
a de novo (new or spontaneous) dominant mutation that
occurred during or shortly after conception. A child
with one ‘affected’ and one unaffected parent has a
509% chance of having the disease.

2 Autosomal recessive: an affected person usually has
unaffected parents, but they are very likely to be muta-
tion carriers. A child born of two carriers has a 25%
chance of having the discase.

3 X-linked dominant: an affected person usually has at
least one affected parent. The children of an affected
female have a 50% chance of having the disecase,
whereas only the daughters of an affected male have the
disease (since the male only passes on his Y chromo-
some to a son and not his X chromosome). This is a
rare form of inheritance.
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4 X-linked recessive: affected persons are mainly male,
since they only have one X chromosome, but females
can be affected if they are born of an affected father and
a carrier mother. Females can also be affected, often
more mildly, depending on the rate of expression of
the X chromosome copy on which the mutated gene
is located. This is because in females one copy of the
X chromosome is randomly ‘switched off’ (inactivated,;
see below). Usually this inactivation is random, but if
it is skewed towards inactivation of the X chromosome
carrying the normal gene copy, the female can express
the condition. An affected male is usually born of a car-
rier mother. In other cases, the mutation is de novo.

5 Y-linked inheritance: only males are affected and
they usually have an affected father. There are only a
small number of genes on the Y chromosome.

There are a couple of issues that complicate the interpreta-
tion of pedigrees:

e The mutation may have reduced penetrance, i.e. it may
not manifest itself all the time. For example, in a ped-
igree, all those who are Aa for a dominant mutation
would be expected to show disease but this may not be
the case, partly because in some the disease may mani-
fest later in life or not at all.

e X-inactivation: Although female embryos have two
copies of the X chromosome, very carly in development
(at the blastula stage) one copy, either the maternal or
the paternal copy of the X, is randomly inactivated,
and this inactivation will be the same in all daughter
cells. This means that a different X may be inactivated
across different tissues, making the interpretation of an
X-linked pedigree difficult. Males, having only one X
chromosome, do not have this process.
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CALCULATING THE RISKS
OF DISEASE

[t is important to be able to calculate the risk of disease in
relatives or children, once a family member has been identi-
fied with a mutation. An important tool in doing these cal-
culations is the Hardy-Weinberg distribution.

The Hardy-Weinberg distribution states that if the
normal sequence ‘A’ has a frequency in the population of
p and the variant sequence ‘a’ has a frequency of ¢, then the
proportion of people in the population who are AAisp X p or
p?, and the proportion in the population who are aa is ¢ X ¢
or ¢>. The proportion who are Aa is pq and the proportion
who are aA is gp, and hence the proportion who are hetero-
zygous is pq + qp or 2pq. The entire population is represented
by these people, so p* +2pg + ¢* = 1.

Some examples

Example 1
A male with an autosomal recessive disease marries a woman
who is a carrier for the same disease. What is the risk of dis-
ease in their children?

The answer can be calculated using a Punnett square (a
2 x 2 table named after an ecarly 20th-century geneticist).
The mother is Aa and the father is aa; assuming that the
fertilization of a sperm and egg are random, and each par-
ent contributes one copy of each chromosome/gene to their
child, the risk to the children can be drawn as shown below:

A a
a Aa aa
a Aa aa

1.e. 50% of the children will be carriers Aa (%) and 50% will
have discase aa (%).

Example 2
An autosomal recessive condition affects 1 person in 10,000.
‘What is the expected frequency of carriers in the population?
Given that for a recessive disease a person must be ‘aa’ to
show disease, then Yo00 must be equal to ¢2, or g = Yio. Because
everyone is either p or ¢, the frequency of p must be *%o. Given
that carriers are the heterozygotes, their frequency is 2pq, or
2 % Yioo X *%00 = about 1 in 50.

Example 3

A man who knows he is a carrier for cystic fibrosis (CF) is
thinking of marrying a woman whose CF status is unknown.
Given that the carrier frequency is 1 in 25, what is the risk to
their children without any further testing?

If the woman is a carrier and we know the man is a carrier,
then the risk to their children is ¥ (using a Punnett square like
the one above). However, the risk that a woman is a carrier is
Y5s; therefore, the risk that the woman is a carrier and that they
pass CF on to their children is ¥4 x5 = 1 in 100.

Example 4

Red—green color blindness is an X-linked recessive disease.
The frequency of the recessive variant is ¥i2. What propor-
tion of the population might be expected to be carriers?
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The variant frequency, g, is ¥i2. There are no male carri-
ers; since males only have one X chromosome, they either
have the disease or not. Only females can be carriers and the
Hardy-Weinberg distribution tells us that this group, 2pq, is
2 X Yia X Wi2 = %44, or 15% of women are carriers. Women
with the disease are ¢? = ¥i2 X Vi2 = Y44 or 0.7%.

GENETIC TESTING IN
MEDICINE

It is important to be familiar with the different types of
genetic tests and the answers they can provide, as well as
their limitations.

Cytogenetic studies

Given that the 23 pairs of chromosomes are tightly con-
densed in the nucleus of a cell, the best time to visualize
them is when they have been ‘untangled’ during cell divi-
sion. White blood cells are allowed to grow and divide in
culture in the presence of an agent (colcemid) that blocks
cells during mitosis, so that chromosomes have replicated
and are maximally unfolded. The chromosomes are then
stained with a dye that binds DNA (Giemsa) and differential
staining leads to bands of DNA where dye has been bound
(dark) and where it has not (light). Under the microscope,
each chromosome has a distinct pattern of dark and light
bands, called G-banding (Fig 5-11).
Analysis of chromosomes in this way can reveal different
abnormalities:
e Deletion or duplication of an entire chromosome, e.g.
Turner syndrome is a single copy (monosomy) of the
X chromosome, while Down syndrome is three copies
(trisomy) of chromosome 21.
e Formation of an abnormal chromosome, e.g. a ring
chromosome (Figure 5-12).
* Deletion or duplication of a section of a chromosome.
If the section is large enough, then this can be seen from
the G-banding pattern.

(A) (B) (@

q21

Figure 5-11 Karyotyping, with increasing resolution
from (A) to (C)

From Strachan T and Read A. Human molecular genetics, 4th ed.
New York: Garland Science, 2011.
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¢ Re-arrangement of a section of a chromosome. A sec-
tion of the chromosome can be removed, flipped and
re-inserted back on the same chromosome, called an
inversion; or can be re-inserted on a completely different
chromosome, called a translocation. If a section on this
second chromosome 1is also removed and ‘exchanged’
with the first chromosome, it is called a reciprocal translo-
cation (Figure 5-13).

Fluorescence in situ hybridization
(FISH)

This technique uses a DNA probe(s) labeled with a fluores-
cent marker, allowing a certain sequence or a certain section
of a chromosome to be visualized when the probe binds to
its target. All of the abnormalities described above can be
detected at higher resolutions with FISH. An example of
the use of FISH is to detect the BCR-ABL1 translocation
that is responsible for chronic myeloid leukemia (CML).
A reciprocal translocation between the BCR oncogene on
chromosome 22 and the ABL1 oncogene on chromosome
9 leads to a fusion ABL1-BCR protein and a fusion BCR—
ABL1 protein (Figure 5-14); the latter is a protein kinase
that is unregulated. The translocation leaves a longer than
usual chromosome 9 and a shorter than usual chromosome

22, which has been labeled the Philadelphia chromosome.
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Sequencing

Some variants/mutations may be too small to see with FISH.
An example 1s CF; although one point mutation is respons-
ible for almost 7096 of the mutations seen in this disease, the
other 30% is due to hundreds of other mutations, including
insertions and deletions. If the common point mutation is
not found initially (using PCR, see below), then sequencing
is the next step. For beta-thalassemia, hundreds of different
mutations have been described and their frequency depends

Chapter 5 Genetics

on ethnicity. Again, if a common mutant is not initially
seen, then sequencing may be required.

Polymerase chain reaction (PCR)

PCR is a method by which a small amount of DNA can be
amplified by repeatedly separating the strands of the DNA
helix and replicating the sequence in vitro. Using specific
primers to guide the replication allows the presence of a
specific point mutation/SNP to be checked for. For exam-
ple, testing for factor V Leiden, a pro-coagulant variant that
predisposes to deep vein thrombosis and pulmonary embo-
lism, is done using this method since the SNP that codes
for this is unique and similar across the world (although the
frequency of this SNP varies by ethnicity).

COMMON CHROMOSOMAL
GENETIC CONDITIONS

Down syndrome

This is the most common chromosomal condition in live-
born infants and most often is the result of aneuploidy
where there is a trisomy (three copies) of chromosome 21.
Rarely, the additional copy of chromosome 21 is present as
an unbalanced translocation. Babies with Down syndrome
are born more frequently to women over the age of 35 years.
The characteristic facial features are prominent epicanthal
folds, flattened nose, small mouth and protruding tongue.
Associated features include:

¢ congenital heart defects in about 45% of cases, includ-
ing atrial septal defect (ASD) and ventricular septal
defect (VSD)

* gastrointestinal abnormalities in approximately 5%,
including duodenal atresia or stenosis

* obesity in approximately 509
* hearing loss in 40-80%
* endocrine abnormalities, particularly hypothyroid-

ism, and to a lesser degree hyperthyroidism and type 1
diabetes

* hematological disorders, especially polycythemia and
leukemia

* sleep apnea
e carly risk of Alzheimer disease.

Turner syndrome

This syndrome presents in women who are short and stocky;
the karyotype is XO, 1.e. one X chromosome. Associated
features include:

* gonadal dysgenesis, presenting as reduced fertility,
hypogonadism, and premature ovarian failure

e renal anomalies occurring in 30-50% of patients,
particularly horseshoe kidney

 cardiovascular discase, especially coarctation and aortic
valvular disease, along with hypertension

* endocrine discase, with elevated risks of premature
osteoporosis, thyroid discase and diabetes.
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Klinefelter syndrome

This syndrome occurs in males who have at least one extra
X chromosome, typically XXY but potentially XXXY.
The associated conditions include:

e hypogonadism and infertility

e neuropsychiatric problems, including lack of insight,
poor judgment and mild cognitive impairment

e pulmonary disease: chronic bronchitisand bronchiectasis

* endocrine problems: higher risk of breast cancer and
diabetes.
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SELF-ASSESSMENT QUESTIONS

The most common gene defect for cystic fibrosis (CF) is the delta-F508 mutation in which three DNA bases coding for
amino acid 508 of the CFTR protein are missing. This is an example of what kind of mutation?

Missense
Nonsense
Frameshift
Deletion
Splice site

mgOw>

In testing a patient for suspected cystic fibrosis (CF), you get back a report saying that they are negative for the
delta-F508 mutation. The correct interpretation is that:

A They probably do not have CF.

B They probably do have CF but the test is unreliable.

C They may have CF but have a different mutation in the CFTR gene.

D They need to have their parents and siblings tested in order to make a diagnosis.

How many genes are there in the human genome?

5,000
20,000
100,000
250,000
500,000

RNA-coding genes code for all of the following except:

mRNA
rRNA
tRNA
snRNA
miRNA

The function of siRNA is to:

degrade mRNA
block transcription
block translation
inhibit tRNA
inhibit rRNA

mgOw> mgOw>

mgOw@>

The most common kind of genetic variant in the human genome is:
insertion polymorphism

deletion polymorphism

microsatellite

copy humber variant

single-nucleotide polymorphism

mgOw@>

What mode of inheritance is evident in these pedigrees? (All images from Strachan T and Read A, Human molecular
genetics, 4th ed. New York: Garland Science, 2011.)

Autosomal recessive
X-linked recessive
Autosomal dominant
X-linked dominant

o0 w>

Q

0

1 2

‘o d o o 6

~D—
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8 A patient has a typical appearance of Down syndrome but the karyotype shows only two copies of chromosome 21,
i.e. no trisomy. In this case the explanation is likely:

A translocation between chromosome 21 and another chromosome in one of the parents
A deletion on chromosome 21 inherited from one of the parents

An inversion on chromosome 21 inherited from one of the parent

A ring chromosome 21

Monosomy in one of the parents

mgOw>
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A genetics lab tests for the 10 most common CF mutations that together account for 80% of all mutations. What is the
risk of still being a CF carrier if the genetic test is negative?

20%

10%

4%

1%

<0.1%

he effect of methylation of DNA is to:

Reduce transcription
Reduce translation
Increase transcription
Increase translation
Increase DNA turnover

mggOm>» 4 MmO >

ANSWERS

1

10

D.

The deletion of three base pairs means that the encoded protein loses one amino acid but the rest of the reading frame is
not affected, i.e. it is not shifted so missense and nonsense mutations are not introduced.

C.
Delta-F508 is just the most common of thousands of different mutations that have been described in CF.

B.
Most estimates are between 20,000 and 30,000.

A.
RNA-coding genes code for RNA molecules that are catalytically or enzymatically active. mRNA is translated to protein.

(8
Most regulatory RNAs work at the post-transcriptional level to affect mRNA stability and function.

=

a C.

An affected person usually has at least one affected parent, i.e. the disease does not skip generations. A child with one
affected and one unaffected parent has a 50% chance of having the disease, i.e. 50% of each generation has the disease.

b A

An affected person usually has unaffected parents, but they are likely to be carriers, i.e. the disease skips generations.
A child born of two carriers has a 25% chance of having disease, i.e. 25% of that generation is affected.

c B.

Affected persons are mainly males, since they only have one X chromosome. An affected male is usually born of a carrier
mother.

d D.

An affected person usually has at least one affected parent such as with an autosomal dominant disease, but all the
daughters of an affected male have disease (since the male only passes on his Y chromosome to a son and not his
X chromosome).

A.

Down syndrome is also a trisomy of some part of chromosome 21, if not the whole chromosome then some part of it;
since parts of chromosomes are not able to survive on their own (except for ring chromosomes), they must exist by being
attached to other chromosomes, €.g. translocation.

D.

Risk of being a CF carrier is Y20 and risk of being a false negative on the test is ¥, therefore risk of still being a carrier is
Yoo X Y5 = Yaoo (1%).

A.
Methylation is involved in gene regulation, usually in reducing expression.
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MEDICAL IMAGING FOR INTERNISTS

CHAPTER OUTLINE
1. CHEST RADIOGRAPHY

PRINCIPLES OF INTERPRETATION IN
CHEST X-RAYS

— Patient demographics

— Technical assessment

— Lines, tubes and implants

— Anatomical review

— Review areas (‘hard to see areas’)
- Summary

. THORACIC COMPUTED TOMOGRAPHY

TECHNIQUES OF EXAMINATION

PRINCIPLES OF INTERPRETATION IN
CHEST CT

— Patient demographics
— Technical review

— Initial image review

— Key image review

— Systematic review

— Review areas

— Summary

3. ABDOMINAL COMPUTED
TOMOGRAPHY

TECHNIQUES OF EXAMINATION

— Non-contrast CT abdomen
— Non-contrast CT KUB

Lindsay Rowe

— Arterial phase CT abdomen (CT angiogram, CTA)
— Portal venous CT abdomen

— Triple-phase CT abdomen

— Delayed CT abdomen

PRINCIPLES OF INTERPRETATION IN
ABDOMINAL CT

Patient demographics
Technical review
Initial image review
Key image review
Systematic review

— Review areas

— Summary

. ABDOMINAL ULTRASOUND

BACKGROUND—ULTRASOUND PRINCIPLES

PRINCIPLES OF ULTRASOUND
INTERPRETATION

LOWER LIMB DUPLEX ULTRASOUND

5. HEAD COMPUTED TOMOGRAPHY

CT BRAIN PROTOCOLS

Non-contrast CT (NCCT)
Contrast-enhanced CT (CECT)
CT angiography (CTA)
Perfusion CT

PRINCIPLES OF INTERPRETATION IN
BRAIN CT

— Patient demographics
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Technical review
Initial image review
Key image review
Systematic review
Review areas
Summary

6. HEAD MAGNETIC RESONANCE

e MRI PROTOCOLS
-
-T2
Inversion recovery (IR)
Diffusion-weighted imaging (DWI)
Gradient echo (GRE)
Gadolinium-enhanced (GAD)
Magnetic resonance angiography/venography
(MRA, MRV)

- MR spectroscopy (MRS)

— Magnetic resonance gated intracranial
cerebrospinal dynamics (MR-GILD, CSF flow
study)

* PRINCIPLES OF INTERPRETATION IN
BRAIN MR

Patient demographics
Technical review

— Initial image review
Key image review
Systematic review

— Review areas
Summary

7. POSITRON EMISSION TOMOGRAPHY
(PET)

1. CHEST RADIOGRAPHY

Plain-film chest radiography is the single most common
imaging test obtained in clinical medicine, and has advan-
tages and disadvantages (Box 6-1).

PRINCIPLES OF
INTERPRETATION IN CHEST
X-RAYS

The technique for systematic review of chest X-rays is akin
to a clinical ‘short case’ examination. Initially steps are fol-
lowed and practiced with a routine developed (Box 6-2).

Patient demographics

Patient details, including name, age and sex, as well as
the date and time of exposure, are initially sought from
the image.

Advantages

e Available

o Cost-effective

e Small radiation dose
e Interpreter-friendly

e Intermediate/high sensitivity for common conditions:
» effusion, pneumothorax, pneumonia, mass >1 cm

e Baseline study for monitoring of disease and treatment
e Rapid clinical triage for acute disease
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Technical assessment

Four parameters of image technical adequacy need to be
routinely assessed prior to interpretation to avoid artifacts
being misconstrued as evidence of disease:

* patient position—anteroposterior (AP) or posteroante-
rior (PA)?

e exposure—under- or over-exposed?

* inspiratory effort—adequate or inadequate?

e rotation—neutral or rotated?

Patient position

Studies performed anterior-to-posterior (AP) or posterior-
to-anterior (PA) appear very different, and diagnostic errors
will be made if they are not recognized (Table 6-1, overleaf).
Obvious clues to an AP study are identifying labels saying
‘supine’, ‘sitting’ or ‘AP’ and the presence of appliances such
as endotracheal tubes and EKG leads. Reliable features for
an AP include noting the chin low over the upper chest,
the clavicles being steep and curved low in the chest, arms

Disadvantages

False sense of security
Premature termination of imaging investigations
Over-utilization

Low sensitivity for common disorders:
» pulmonary embolism, nodule <1 cm, interstitial disease

Intermediate specificity for many findings
Radiographic lag time with clinical disease
Image findings discordant with clinical findings



Patient demographics
e Name and other details

Technical assessment

e Patient position (anteroposterior [AP], posteroanterior
[PAI)

e Exposure
e |nspiratory effort
e Rotation

Lines, tubes and implants

e Name

e Function

e Assess correct position

e Assess structural integrity
e Recognize complications

Anatomical review

Overview
o (Gross perception

Systematic review
e lungs

e Aeration

e Vascularity

e Hilum

e |obar anatomy
e Pleura

e Peripheral

e Phrenic angles
e Fissures

o Heart

» Size (cardiothoracic ratio)
» Cardiac margin clarity
» Specific heart chambers

straight by the sides and the scapulae clearly over the lung
fields. Additional clues could include widening of the medi-
astinum, cardiomegaly with a raised cardiac apex, very con-
cave elevated diaphragms and uniform upper-to-lower-lobe
vascular prominence.

Exposure

A broad rule for adequate radiographic exposure is that the
thoracic vertebrae should be discernable through the density
of the heart. Overexposure renders the vertebrae very easily
identified, while underexposure obliterates all detail. This
rule is important to assess, as an overexposed chest X-ray
mimics emphysema with dark lung fields and apparent
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e Mediastinum
» Divisions

e Trachea

» Position

» Carina

» Main stem bronchi
e Diaphragm

» Position

» Shape
e Sub-diaphragmatic

» Stomach, bowel loops, liver/spleen enlargement
o Skeletal
» Spine
» Ribs, sternum
» Shoulder girdles
Chest wall

» Breast contour
» Skin and muscle

Review areas

‘The hard-to-see areas’
e Below the diaphragm
e Through the heart

e Chestwall

e Shoulder girdles

e |lung apices

e Trachea

Summary

e Comparison with previous study

e Correlation of findings and probable diagnosis
e Need for additional imaging

decreased vascularity. An underexposed chest X-ray light-
ens the lung fields and enhances lung markings, simulating
conditions such as pneumonia, interstitial lung disease and
cardiac failure (Table 6-2, overleaf).

Inspiratory effort

A guideline for adequate inspiration is having at least 10
posterior and 7 anterior ribs visible above the diaphragm.
The hallmarks of an expiratory study are elevation and exag-
gerated upward convexity of the diaphragms, cardiomegaly
(‘pancaking’), mediastinal widening and opacity of the lung
bases commonly mimicking the appearance of congestive
cardiac failure.
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Rotation

Patient rotation induces apparent mediastinal shift, including
the cardiac silhouette and the trachea. Rotation is assessed by
comparing the distance of the medial ends of both clavicles

Table 6-1 Features useful to differentiate AP from PA
chest X-ray

PA
AP (ANTERO- (POSTERO-
FEATURE POSTERIOR) ANTERIOR)
Labels AP, supine, sitting, Erect
mobile
Endotracheal Present Absent
tube
EKG leads Present Absent
Arm position Beside the thorax Oblique to the
thorax
Humeral Long, with shaft Short, only the
length head
Scapula Over lung fields Off lung fields
Clavicle Curved, steep, low | Straight, oblique
Chin Visible Absent
Gastric air Gas in gastric body | Air—fluid level

relative to the thoracic spinous processes, usually around T4
(clavicle—spinous interval, CSI).

e In the presence of scoliosis, application of this method is
invalid.

e When no rotation is present, the CSIs are equidistant;
when there is rotation they will be unequal.

Lines, tubes and implants

These often provide clues on the underlying disease state
and should be assessed by:

1 identifying the line or tube
knowing its function

2
3 confirming the normal position
4 assessing structural integrity

5

observing for complications.

Anatomical review

The sequence of anatomical review will vary with each case,
but all components should be assessed (Box 6-2).

Overview

Review from a distance provides a wider perspective and aids
perception of obvious findings such as disparity in lung size
and opacity, mass lesions, mediastinal shift, mastectomy and
shoulder girdle conditions such as fracture and malignancy.

Systematic review

fundus A systems approach is used to simplify the search pattern—
T , lungs, heart and mediastinum, skeletal and review areas.

Mediastinum Widened Normal
Heart Enlarged, elevated Normal Lungs

apex The lung contents are assessed globally, then specific details

: are sought. A simple ‘ABCDEF mnemonic may assist:

Diaphragm Elevated, more Lower, gentle A Aerati

convex curve cration
y o Uniform N B Blood vessels

asculanity prrgrg irrr]g%t l o?)rercs)vv Hpper C C?stophrenic and cardiophrenic angles
No vascular Dilated lower D Diaphragm
gradient lobes (‘vascular E Endotracheal and endobronchial structures
gradient) F Fissures.
Table 6-2 Chest exposure assessment guidelines
NORMAL UNDEREXPOSURE OVEREXPOSURE
Spine Perceptible Not visible Clear detail
Lung fields Black Whiter Very black
Vascularity Clear Prominent Absent
Mediastinum Clear detail Widened Absent
Trachea Clear Very clear Almost absent
Mimics Vascular markings | Pneumonia Emphysema
Interstitial disease Asthma
Pulmonary edema Pulmonary hypertension
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Figure 6-1 Normal chest X-ray

‘Cover-up’ method

A useful practical method to assist in the detection of subtle
right-to-left changes in aeration, as well as subtle parenchy-
mal disease, can be to cover the lung fields with a piece of
paper. The paper is then slowly lowered as the viewer’s eyes
focus on the structures revealed at the edge of the descend-
ing paper, comparing the left-to-right structures.

Heart and mediastinum

The combined structures of the heart, great vessels and
mediastinal contents are depicted as a composite radio-
opaque structure referred to as the ‘cardiac silhouette’. This
is assessed by its size, definition of the heart borders and
specific chamber analysis.

Size

The transverse dimension of the heart is expressed as a ratio
to the transverse dimension of the thoracic cage (‘cardio-
thoracic ratio’), which should be less than 50%.

Heart border definition

The heart borders should be sharp and well defined at the
heart-lung interfaces.

o If they are not, this may be a sign of opacifying disease
such as pneumonia and atelectasis in the lung segments
abutting the affected chamber (‘silhouette sign’).

e Loss of the left ventricular border is seen in lingula dis-
ease and of the right atrium in middle lobe disease.

e A common variant fat pad located at the cardiac apex
often blurs its definition and is not to be confused with
disease.

Heart chambers
The left heart border has five divisions:
o left ventricle—diaphragm to below the hilum
o left atrium—short, 2 cm segment above the left ventricle
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* pulmonary trunk—marked by the left hilum pulmonary
artery

* aorto-pulmonary window—above the left pulmonary artery
and below the aortic arch

* transverse aortic arth—marked by the semicircular con-
tour at the superior extent of the cardiac silhouette.

The right heart border has three divisions:

* right atrivm—convex shadow from the diaphragm to
the junction with the superior vena cava marked by the
transition from the convex right atrium to the vertically
straight superior vena cava

* superior vena cava—vertical, straight-edged opaque
density beginning at the atrial-caval constriction and
extending vertically over the right hilum and then curv-
ing laterally toward the lung apex

* right paratracheal stripe—a distinct opaque margin on the
right side of the trachea which is a combination shadow
of the right tracheal wall and azygous vein.

Skeleton

The thoracic spine, posterior and anterior ribs, as well
as the shoulder girdles including clavicle, scapula and
humerus, are reviewed to identify abnormalities that could
be related to a chest abnormality. A destructive lesion in
a rib, for example, may be relevant to a lung mass due to
metastasis, symmetrical glenohumeral erosion as a sign of
rheumatoid arthritis, and resorption of the distal clavicles
in hyperparathyroidism.

Review areas (‘hard to see areas’)

Abnormalities away from the lung fields are readily over-
looked but are often important.

e Below the diaphragm pneumoperitoneum, bowel
obstruction, and a medially displaced gastric air bubble
as a sign of splenomegaly may be identified.

e Through the cardiac silhouette, the air density of a
hiatus hernia or a spinal mass may be seen.

* Evaluation of the chest wall for mastectomy, skin lesions
and subcutaneous emphysema provide occasional but
important clues to a chest disease process.

* The shoulders may show signs of lung-related disease
such as rheumatoid arthritis or malignancy.

* Scrutiny of the often-obscured lung apex may elucidate
a Pancoast tumor, tuberculosis or a pneumothorax.

* Finally, tracheal shift may be a feature of goiter, lym-
phoma or upper lobe volume loss.

Summary

Following the systematic review, relevant positive and neg-
ative findings can be correlated and final statements made
(Table 6-3, overleaf). Named imaging signs of the chest
should only be used when they are clearly present, as they
often have specific meaning for a disease process or anatom-
ical localization and, while useful, may be misleading when
incorrectly applied (Table 6-4, see below). Comparison
with a previous study, if not already viewed, should be made
for assessing discase activity.
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Table 6-3 Thumbnails of chest disease

FEATURES

PA

PA SPOT

OTHER

CT

PNEUMONIA
Opacity

Initially hazy or ‘fluffy’
with acinar nodules
Rapidly confluent
Lobar

Air bronchogram
(arrow)

Silhouette sign

ATELECTASIS
Opacity (arrow)
Lobar or segmental

Bronchovascular
crowding

Air bronchogram
Shift

—Fissures
—Mediastinum
—Diaphragm
—Trachea

EMPHYSEMA
Increased lucency
Low vascularity (arrow)
Large hilar vessels

Lower lobe
compression

Flat, low diaphragm
Wide intercostal spaces
Bullae

Barrel chest

Small tear-drop heart
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FEATURES

PA SPOT

OTHER

CT

PNEUMOTHORAX
Lucent hemithorax

Pleural surface visible
(arrow)

Absent vessels
Atelectasis

Deep sulcus

Larger on expiration
Signs of tension

—Wide intercostal
spaces

Mediastinal shift
Depressed diaphragm

EFFUSION

Blunted costophrenic
angle

Meniscus sign (arrow)
Thickened fissures

CARCINOMA
Mass lesion—size
[rregular margins
Pleural attachment
Nodal involvement
Cavitation (SCC)
Peripheral collapse
PET-avid (arrow)

PET

continues
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Table 6-3 Thumbnails of chest disease continued

FEATURES

PA

PA SPOT

OTHER

CcT

METASTASES

Multiple nodules
(arrow)

Round

Variable size

Sharp margins

Lower lobe dominance
May cavitate

INTERSTITIAL—
NODULAR

1-5 mm nodules
Well defined (arrow)
May calcify

ACUTE INTERSTITIAL—
GROUND-GLASS
OPACITY

Mid-lower zones
Hazy density (arrow)
Poorly defined
Vessels obscured
Septal thickening
Kerley lines

CHRONIC
INTERSTITIAL—
RETICULAR

Thin lines

Honeycomb (arrow)
Pleural contact
Distortion

Traction bronchiectasis
Low lung volume
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FEATURES PA SPOT

PULMONARY
EMBOLISM

Normal CXR
Atelectasis
Wedge-shaped opacity
Convex opacity

Lack of vessels
(arrowhead)

Filling defect on CT
(arrow)

Large pulmonary trunk

ACUTE PULMONARY
EDEMA

Bilateral (batwing)
Perihilar opacity

Lucent periphery
(arrow)

Lucent centrally
Air bronchogram

CONGESTIVE
CARDIAC FAILURE

Cardiomegaly
Ground-glass opacity
Kerley B lines (arrow)
Pleural effusions

Dilated upper lobe
veins

CT, computed tomography; CXR, chest x-ray; PA, posterior-to-anterior view; PET, positron emission tomography; SCC, squamous-cell carcinoma.
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Table 6-4 Common named imaging signs of chest disease

SIGN DEFINITION

SIGNIFICANCE

Air bronchogram
alveoli

Air-filled bronchi surrounded by fluid-filled

Pus: pneumonia

Blood: hemorrhage

Protein: proteinosis

Fluid: pulmonary edema

Cells: bronchioalveolar carcinoma

Cardiothoracic ratio
heart and the thorax

The ratio of the transverse diameter of the

When greater than 50%, is due to cardiomegaly

Ground-glass opacity
vascular markings

Hazy lung density that does not obliterate

Interstitial edema
Alveolitis

Meniscus sign
costophrenic sulcus

Smooth, concave sweeping contour of the

Pleural effusion

Silhouette sign

Cardiac border loses clear definition due to
contact with opacified lung segment

Disease is in the lung segment abutting the heart
(pneumonia, tumor, collapse)

2. THORACIC COMPUTED
TOMOGRAPHY

Computed tomography (CT) of the chest is an integral
component of chest evaluation and has broad applications.
These include investigation of an abnormality found on
chest X-ray, investigation of clinical signs and symptoms,
tumor management from diagnosis to staging, biopsy plan-
ning and response to therapy. CT has unique application in
the assessment of thoracic trauma. While there are many
advantages, significant drawbacks—especially higher radia-
tion dose—do exist (Box 6-3).

TECHNIQUES OF EXAMINATION

Different CT techniques are employed in specific clini-
cal situations (Table 6-5). Knowledge of these techniques
is pivotal in deriving the maximal information in different
clinical scenarios.

PRINCIPLES OF
INTERPRETATION IN CHEST CT

CT scans of the chest produce a large number of images to
review in different planes. A systematic routine is necessary
to avoid diagnostic error and maximize the derivation of
information (Box 6-4, overleaf).
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Advantages

e Available °

e fast °

e Excellent °
anatomical detail

° Rapid °
reconstructions—
multi-planar, 3D, o
vascular

e Wide areas of °
coverage

e Choice of vascular
phase

e High sensitivity and
specificity for most
diseases

e Detection of small
lesions

e Compatible with
implanted devices

Disadvantages

Higher radiation dose
Higher cost

Intravenous contrast
reactions

Extended breath-holding
required

Supine position occasionally
not tolerated

Over-utilization
Large number of images

Requires adequate
computer systems for
image display

Competent technical staff
for image acquisition
False-positive diagnoses,
especially benign nodules

Rarely used in pregnancy

Nursing mothers withhold
breast feeds for 24 hours
after IVI contrast study

CT, computed tomography; IVI

, intravenous injection.




Table 6-5 Common techniques in CT scans of the chest
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EXAMINATION

ACRONYM

TECHNIQUE

INDICATION

Non-contrast CT

NCCT

No IV contrast
Helical mode

Supine

Suspended inspiration
Neck to renal hilum

Contrast contraindication

Poor venous access

Identify calcification:
—coronary artery calcium score
—tuberculous granuloma
—calcified lymph nodes
—hamartoma

Pneumothorax, pneumomediastinum
Pleural calcification

Bone disease

Foreign body detection

Helical mode
Maximum contrast in aorta
Neck to cardiac apex

High-resolution CT HRCT No IV contrast Interstitial lung disease
Non-helical, thin section Parenchymal scars
Supine inspiration and expiration Emphysema
Supplemental prone inspiration Bronchiectasis
Apices to below diaphragm Foreign body localization
Routine contrast CT Post IVl 20- to 30-second delay All chest disease
Helical mode
Contrast in aorta and pulmonary
arteries
Neck to renal arteries
CT angiogram CTA Helical mode Aortic disease:
Post IVI 20- to 30-second delay —aneurysm, dissection, coarctation
Maximum contrast in aorta Neck vessel disease:
Neck to aortic bifurcation —occlusion, dissection
Coronary artery disease
Arteriovenous malformation
Pulmonary sequestration
SVC obstruction
CT pulmonary angiogram CTPA Post IVI 20-second delay Pulmonary artery disease
Helical mode Pulmonary embolism
Maximum contrast in pulmonary
trunk
CT perfusion Post IVI at time intervals Arteriovenous malformations
Helical mode Nodule characterization
Neck to aortic bifurcation
Cardiac CT CCT Post IVI 30-second delay Coronary artery disease

CT, computed tomography; IV, intravenous; VI, intravenous injection; SVC, superior vena cava.
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Patient demographics
e Name and other details

Technical review
e Non-contrast CT (NCCT)
e Contrast-enhanced CT (CECT)
e Clarify phase of contrast when scan performed:
» CT angiogram, CT pulmonary angiogram, routine

Initial image review
e Review the topogram (scanogram)

e |dentify and review mediastinal and lung windows:
» axial followed by coronal

e [dentify the first and last scans

o Conduct fast survey of all images (mediastinal and lung
windows)

Key image review
o Review key images:
» thyroid
» aortic arch
» pulmonary arteries and carina
» hila
» four chambers of heart
» diaphragm

Systematic review

e Sequential assessment of all images:
» lung apices to sub-diaphragm abdomen
» trachea, mainstem and lobar bronchi
» pulmonary trunk, right and left pulmonary arteries
» aorta and branches
» superior vena cava

e Lung parenchyma

e Pleural surfaces, lung fissures

e Esophagus

e Heart, pericardium

e Diaphragm, retrocrural contents

e Skeletal, including spine, ribs, sternum, scapula

Review areas

e Thyroid gland

e Supraclavicular fossae and axillae

e Apices

e Mediastinal lymph nodes

e Sub-diaphragmatic organs and spaces

Summary

e Comparison with previous studies

e Correlation of findings and probable diagnosis
e Need for additional imaging

CT, computed tomography.

Patient demographics

Name, date of study and some scanning parameters can give
diagnostic clues and the clinical relevance of the study.

Technical review

Identification of the vascular phase in which the images have
been acquired should be done early in the diagnostic process
by identifying the location and density of contrast within
the superior vena cava, heart chambers, pulmonary arteries
and aorta.

e Maximum density in the right ventricle and pulmonary
arteries is expected in a CTPA, in the left ventricle and
aorta in a CTA, and in all cardiac chambers, aorta and
pulmonary vessels in a routine CT scan of the chest.

e Absence of contrast in any structure may be due to a
NCCT, extravasation, or superior vena caval or thoracic
outlet obstruction.

Initial image review

An overview can quickly identify major abnormalities and
help focus the interpretation. This can be achieved with an
initial four-step analysis.
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1. Review the topogram (scanogram)

The image depicts the chest as a frontal chest X-ray, with
at least 10% of diagnoses such as pleural effusion, mass and
consolidation being visible.

2. Identify and review mediastinal and lung
windows

Images depicting the lung parenchyma (‘lung window’) and
mediastinal contents (‘mediastinal window’) are recognized
in axial and coronal planes.

* Lung windows are photographically lighter and clearly
demonstrate the branching vessels, bronchi, fissures and
lung tissue.

* Mediastinal windows have black, featureless lung
fields with clear definition of the mediastinal contents
including the thyroid, trachea, superior vena cava, aorta
and its branches, lymph nodes, esophagus, heart and
pericardium.

3. ldentify the first and last scans

Defining the upper and lower limits of the scan gives an
overview of the anatomy to be reviewed and what has been
excluded.
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4. Conduct fast survey of all images Key image review

(mediastinal and lung windows) Isolating key levels in the chest can initially simplify inter-
Rapid sequential review of all images provides the opportu-  pretation (Table 6-6).
nity to appreciate gross abnormalities and normal anatomy.

Table 6-6 Key landmarks in CT chest imaging

ANATOMY MEDIASTINAL WINDOW LUNG WINDOW

THYROID GLAND
1. Thyroid gland
2. Internal jugular vein
3. Common carotid
artery
4. Trachea
5. Thoracic vertebra, T2

AORTIC ARCH
1. Aortic arch
2. Superior vena cava
3. Trachea
4. Esophagus
5. Thymus
6. Sternum
7. Scapula
8. Pulmonary vessels
9. Oblique fissure
10. Anterior junction line
11. Upper lobe

PULMONARY ARTERIES
1. Pulmonary trunk
2. Right pulmonary artery
3. Left pulmonary artery
4. Carina
5. Right main bronchus
6. Left main bronchus
7. Ascending aorta
8. Superior vena cava
9. Descending aorta

10. Esophagus

11. Obligue fissure

12. Lower lobe

HEART
. Right atrium
. Right ventricle
. Interventricular
septum
4. Left ventricle
5. Left atrium
6. Pulmonary vein
7. Lower lobe bronchus
8. Descending aorta
9. Esophagus
10. Oblique fissure
11. Right middle lobe
12. Lower lobe

[ONI\C N

continues
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Table 6-6 Key landmarks in CT chest imaging continued

ANATOMY

MEDIASTINAL WINDOW

LUNG WINDOW

DIAPHRAGM
1. Right atrium
2. Right ventricle
3. Interventricular
septum
4. Left ventricle
5. Descending aorta
6. Esophagus
7. Oblique fissure
8. Lower lobe
9. Lingula
10. Right middle lobe

SUB-DIAPHRAM
1. Liver, right lobe
2. Liver, left lobe
3. Stomach
4. Spleen
5. Inferior vena cava
6. Descending aorta
/. Lower lobes of lungs

Thyroid gland

Beginning in the neck, the thyroid is marked by its high
density due to its iodine content surrounding the trachea.
A common routine is to then observe the trachea and its
adjacent structures on sequential scans through to the carina
and into the main stem bronchi.

Aortic arch

The transverse aorta dominates the image as an oblique
right-to-left tubular structure. Branches to the neck and
arms can be identified. A high concentration of contrast in
the superior vena cava is visible to the right of the arch.

Pulmonary arteries and carina

The distinct Y-shaped structure of the pulmonary trunk
originating out of the right ventricle and branching into the
left and right pulmonary arteries lies immediately inferior to
the aortic arch, separated by the aorto-pulmonary window.
The trachea dominates this level where it bifurcates at the
carina and the main stem bronchi diverge to the hilum.

Four chambers of the heart

The oblique long axis of the interventricular septum and
cardiac apex are identified. Situated posteriorly behind the
ventricles, the left atrium receives the pulmonary veins while
the right atrium recetves the superior and inferior vena cava.
The normal pericardium is defined as a line 1 mm or less
separated from the myocardium by a layer of fat.

Diaphragm
The dome of the diaphragm initially appears in the anterior to
central hemithorax and then merges toward the lateral chest

margin. At the posterior inferior extent of the diaphragm
attachment, the crura become apparent near T12-L1 and
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the retrocrural space becomes identifiable where lymph
nodes, cisterna chyli and azygous veins are located.

Systematic review

All images and their contents are systematically reviewed in
both lung and mediastinal windows, initially on axial images
and then on coronal images.

Review areas

At the end of interpretation, a last review of some key but
often overlooked areas is undertaken.

e The thyroid gland is frequently abnormal, such as goi-
ter, and effects on the superior mediastinal contents and
trachea are common.

¢ Review of the neck, supraclavicular, axillary and mediasti-
nal regions for lymphadenopathy requires careful scrutiny.

e The lung apices need to be re-inspected for pleural thick-
ening, tuberculosis, lung bullae and Pancoast tumor.

e Sub-diaphragmatic organs such as the liver, spleen, pan-
creas, adrenal glands and kidneys are important to assess.

 Finally, select a bone window setting and review the
skeleton for abnormalities such as fractures and neo-
plastic lesions.

Summary

Following the systematic review, relevant positive and neg-
ative findings can be correlated and final statements made.
If contrast has not been administered appropriately for the
clinical question being investigated and is deemed subopti-
mal this should be noted. Correlation of any findings with
previous and additional imaging is also performed.



3. ABDOMINAL COMPUTED
TOMOGRAPHY

A CT scan of the abdomen has similar advantages and dis-
advantages to chest CT. The use of oral contrast is con-
sidered integral to most examinations other than in acute

Chapter 6 Medical imaging for internists

emergencies, identification of renal system calculi and some
selected organ evaluations such as that of the adrenal gland.

TECHNIQUES OF EXAMINATION

Different CT techniques are employed in specific clinical
situations (Table 6-7).

Table 6-7 Common techniques in CT scans of the abdomen

EXAMINATION ACRONYM

TECHNIQUE

INDICATION

Non-contrast CT NCCT

No IV contrast

Helical mode

Supine

Suspended inspiration

Lung base to symphysis pubis

Contrast contraindication
Poor venous access

Identify calcification:
—calculi

—tuberculous granuloma
—calcified lymph nodes
—tumor calcification

Gas:
—pneumoperitoneum
—pneumatosis intestinalis
—emphysematous cholecystitis
—intrahepatic gas
—pneumothorax
Fat—lipoma, myelolipoma
Bone disease

Foreign body detection

Non-contrast CT KUB | CT KUB

No IV contrast

Non-helical, thin section

Supine inspiration

Supplemental prone scan if stone at
VUJ

Lung base to symphysis pubis

Renal calculi
Same as for NCCT above

CT angiogram CTA Helical mode Aortic disease:
Post IVI 20-second delay —aneurysm, dissection, coarctation
Maximum contrast in aorta Vessel disease:
No oral contrast —occlusion, dissection
Lung base to symphysis pubis Artemovenogs mglformat\on
IVC obstruction/fistula
Portal venous CT CTPV Helical mode Routine abdominal study
Post IVI 50- to 70-second delay Solid organ disease
Maximum contrast in portal vein Obstruction of ducts
No oral contrast Portal vein disease
Lung base to symphysis pubis
Triple-phase CTTP Helical mode Lesion characterization—liver,
abdominal CT Three sequential studies obtained: adrenal, renal
—non-contrast Organ necrosis—pancreas
—arterial Gastrointestinal hemorrhage
—portal venous
May add additional delayed study
Delayed phase CT CTD Helical mode Renal collecting system obstruction

Delayed study 2-5 minutes or longer

Active bleeding sites
Liver lesions

CT, computed tomography; IV, intravenous; IVC, inferior vena cava; IVI, intravenous injection; KUB, kidneys—ureters—bladder;

VUJ, vesico-ureteric junction.
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Non-contrast CT abdomen

The study is performed from above the diaphragm to the
inferior aspect of the symphysis pubis. No contrast is found
in the aorta, inferior vena cava, portal vein or the kidneys,
rendering them isodense with the adjacent organs.

Non-contrast CT KUB

A variation of a non-contrast abdominal CT is performed for
the assessment of renal colic, focusing on the kidneys, ureters
and bladder (KUB). Image acquisition is performed from the
upper poles of the kidneys to the symphysis pubis, rather than
going as high as the lung bases. Intravenous and oral contrast
are not given as these can obscure opaque calculi.

Arterial phase CT abdomen
(CT angiogram, CTA)

Image acquisition 1s performed 20-30 seconds post-
injection, capturing contrast in the arterial system. Aneu-
rysms, stenoses, occlusions and bleeding sites can be
depicted.

Portal venous CT abdomen

Contrast perfuses the abdominal viscera and drains back to
the portal vein and liver. This produces prominent enhance-
ment of the liver parenchyma.

Triple-phase CT abdomen

Three successive scans are performed—non-contrast, arte-
rial and portal venous—usually of the upper abdomen for
the pancreas and liver. These are most commonly employed
in the evaluation of liver, pancreatic and intestinal masses.

Delayed CT abdomen

A delayed study of 2-5 minutes allows contrast to accumu-
late in the collecting system of the kidneys, ureters and blad-
der, to assess lesions such as tumors and lacerations. Pooling
in the intestine may be identified as a sign of hemorrhage.

PRINCIPLES OF
INTERPRETATION IN
ABDOMINAL CT

CT scans of the abdomen produce a large number of images
to review in different planes. A systematic routine is neces-
sary to avoid diagnostic error and maximize the derivation of
information (Box 6-5).

Patient demographics

Name, date of study and some scanning parameters can give
diagnostic clues and the clinical relevance of the study.

Technical review

The phase of vascular contrast can be identified by the loca-
tion and density of contrast within the aorta, portal vein and
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Patient demographics
e Name and other details

Technical review

e Non-contrast CT (NCCT)

e Contrast-enhanced CT (CECT)

o Clarify phase of contrast when scan performed:
» NCCT, CT KUB, CTA, PVCT, DCT, TPCT

Initial image review

e Review the topogram (scanogram)

e |dentify axial and then coronal images

e |dentify the first (lung bases) and last (lower pelvis)
images

e Conduct fast survey of all images

Key image review

e lung bases

e Liver, porta hepatis
e Renal hilum

e |liac crest

e Mid-pelvis

e Symphysis pubis

Systematic review

e Cephalo-caudad progression
e Organ-by-organ assessment
e Slice-by-slice assessment

Review areas

e Para-aortic and pelvic lymph nodes

e Inguinal canals

e Abdominal wall and iliopsoas

e |ung bases

e Pneumoperitoneum search

e Skeletal (spine, ribs, sternum, scapula, pelvis)

Summary

e Comparison with previous studies

e Correlation of findings and probable diagnosis
e Need for additional imaging

CT, computed tomography; CTA, CT angiogram; KUB, kidneys—
ureters—bladder; PVCT, portal venous CT; TPCT, triple-phase CT.
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