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Abstract In most U.S. and Canadian medical schools,
pharmacology is taught during the preclinical year 2 of
the 4-year-long curriculum. This is despite the fact that
medical school graduates and residency directors have
identified teaching rational therapeutics as a priority. Hence,
we have developed a core curriculum in clinical pharma-
cology for 4th-year medical students that builds on the
core principles of rational therapeutics described by
Nierenberg 10 years ago (Nierenberg, DW. Clin Pharma-
col Ther 1990; 48:606—610). Here we report on our 3-year
experience teaching this course, which addresses the fol-
lowing teaching objectives: to teach medical students on
how to (1) critically evaluate medications; (2) obtain a
complete medication history including herbal and over-
the-counter medications; (3) apply pharmacokinetic prin-
ciples to clinical practice; (4) recognize and report ad-
verse drug events and interactions; (5) optimize pain man-
agement; (6) recognize and treat substance abuse and poi-
soning; and (7) prescribe rationally regardless of prescrib-
ing environment. Student assessment was in the form of

D.A. Flockhart
Division of Clinical Pharmacology, Department of Medicine,
Indiana University School of Medicine, Indianapoalis, Ind., USA

S. Usdin Yasuda

Division of Clinical Pharmacology,
Department of Pharmacology,

Georgetown University School of Medicine,
Washington, D.C., USA

J.C. Pezzullo

Division of Clinical Pharmacology,
Departments of Pharmacology and Biostatistics,
Georgetown University School of Medicine,
Washington, D.C., USA

B.C. Knollmann ()

Division of Clinical Pharmacology,

Departments of Medicine and Pharmacology,

Georgetown University Medical Center,

3900 Reservoir Road, N.W., Washington, DC 20007, USA
e-mail: knollmb@georgtown.edu,

Tel.: +1-202-6877888

multiple-choice and formative oral examinations, which
were validated against the clinical part of the U.S. medical
licensing examination. The course significantly increased
the student rating of clinical pharmacology teaching mea-
sured by a national survey of U.S. medical school gradu-
ates. We conclude that this course may be useful for
teaching rational prescribing to medical students. With the
guidance and educational material provided by this arti-
cle, a successful implementation of such a course should
be possible in most medical schools.

Keywords Education - Prescribing - Medical -
Pharmacology - Curriculum - Medication history

Introduction

Changesin the practice of medicine over the past 20 years
present many challengesto medical schools, perhaps none
more important than the challenge of teaching physicians
how to choose and prescribe drugs in a scientifically
sound manner that is safe and effective. This has been em-
phasized recently by the Institute of Medicine report on
the high incidence of medication errors and increased
concern about adverse drug reactions (Committee on
Quality of Health Care in America: Institute of Medicine
2000). At the same time, expectations of patients have
never been higher, as evidenced by the documented con-
cerns of the public about drug interactions and side effects
(American Society of Health Systems Pharmacists 1999).

Threats to scientifically sound prescribing by physi-
cians include pressure from the managed care industry,
pressure from patients, and pressure from the pharmaceu-
tical industry (Chew et a. 2000; Chren and Landefeld
1994; Wazana 2000). We do not routinely provide physi-
cians-in-training with the skills to advocate for their pa-
tients in such settings. The advent of direct-to-consumer
advertising via television and particularly the Internet
means that doctors are frequently presented with patients
who demand a specific drug (Bell et al. 1999; Scott et al.
2001; Spurgeon 1999). In addition to prescribing pres-
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sures, the ever-increasing number of new medicines avail-
able leaves many practicing physicians foundering in a
sea of information with nowhere to go to find objective,
useful data. We should train them how to find it.

Patients’ widespread use of alternative remedies (Ben-
nett and Brown 2000; Eisenberg et a. 1998; Harnack et
al. 2001) and the reluctance of patients to admit such use
to their physicians (Eisenberg et al. 1998) requires that we
train doctors to obtain a complete medication history —
one that includes specific and careful questions about
herbal and natural remedies. Complementary and alterna-
tive medicine is an area of therapeutics that is currently
not a required part of formal training for most doctors in
the United States; we believe it should be added to the
medical school curriculum to provide context (Wetzel et
al. 1998).

Many of these needs in undergraduate medical educa-
tion were addressed already in a consensus document
published over a decade ago (Nierenberg 1990). Teaching
the core skills (e.g., how to analyze adverse drug interac-
tions, how to utilize pharmacogenetic information) and
the core attitudes (e.g., the process of rational therapeu-
tics) of clinical pharmacology identified in the consensus
document is now more important than ever. Nevertheless,
arecent survey demonstrates that a clinical pharmacol ogy
core curriculum remains the exception at U.S. medical
schools, with only 8% of all medical schools requiring a
course or clerkship in clinical pharmacology (Rosebraugh
et al. 2001b). Thisis despite the fact that training in ratio-
nal therapeutics has been identified as a priority by resi-
dency programs (Rosebraugh et a. 2001b).

The general structure of the typical 4-year curriculum
of U.S. and Canadian medical schools is as follows. The
first 2 years focus primarily on the basic sciences includ-
ing gross anatomy, embryology, biochemistry, physiology,
neurobiology, immunology, pathology, microbiology, ge-
netics and pharmacology, as well as exposure to statistics
and ethics. The 3rd and 4th years of the undergraduate
curriculum are the clinical years, with 3rd-year clerkships
in surgery, family medicine, neurology, psychiatry, medi-
cine, pediatrics and obstetrics/gynecology, and 4th-year
acting internships in surgery and medicine in addition to
emergency room and ambulatory care rotations as well as
electives. At Georgetown University School of Medicine,
the 2nd-year pharmacology course, while basic in nature,
beginsto address several key conceptsin clinical pharma-
cology, including drug interactions, adverse drug reac-
tions and pharmacokinetics. A database search using the
Association of American Medical Colleges (AAMC) Cur-
riculum Management and Information Tool (CurrMIT)
confirmed that, even in 2001, only 9 out of 143 U.S. and
Canadian medical schools required clinical pharmacology
training during their clinical curricula. Thus, at present,
teaching of clinical (applied) therapedutics, if it occurs, is
largely restricted to the 2nd (preclinical) year of the typi-
cal 4-year medical school curriculum.

To address this need for clinical pharmacology and
therapeutics training during the clinical curriculum, we
have designed a core curriculum for 4th-year medical stu-

dents. The focus isless on teaching facts than on teaching
the skills and attitudes of clinical pharmacology, with em-
phasis on the rational use of the many information tools
currently available. The course was first implemented in
the academic year 1999/2000 as a required and graded
part of the medical school clinical curriculum at George-
town University School of Medicine. Here we report on
our 3-year experience teaching this course.

Methods
Course objectives

We identified a set of course objectives for teaching clini-
cal pharmacology to medical students based on the fol-
lowing sources. (1) the consensus document on core cur-
ricula in clinical pharmacology for medical students
(Nierenberg 1990); (2) a needs assessment from the 1998
Medical School Graduation Questionnaire (AAMC 1998);
and (3) aliterature survey. Results are presented as the ra-
tionale for each course objective.

Course implementation

After an initial pilot program in 1999, these objectives
were implemented in January of 2000 as a 1-week long
full-time course. Course objectives were taught in eight
core lectures, one expert panel discussion, and a number
of case-based discussions, student research presentations
and role-playing exercises in small groups over 4 consec-
utive days (see Results for details). Figure 1 outlines the
organizational structure of the course.

Student assessment

On days 4 and 5, student achievement of learning objec-
tives was measured using a written multiple-choice exam-
ination and two problem-based oral examinations (“per-
sonal formulary exercise”, “triple jump™). For each learn-
ing objective, 34 multiple-choice questions were in-
cluded in the written exam. Students were encouraged to
utilize drug evaluation tools provided as part of the course
(such asthe P450 card; Fig. 2) during the exam. To further
reinforce the 13 teaching objectives, we a so designed and
implemented two formative examinations described be-
low:

Personal formulary exercise. Every physician should de-
velop a working knowledge of therapeutics that he fre-
guently uses, and should be able to update this knowledge
on an ongoing basis. The purpose of the personal formu-
lary exercise (Module 4) was to develop the appropriate
knowledge for a particular drug of the student’s choice.
On the 1st day of the course, each student was asked to se-
lect a specific drug for use in his or her persona formu-
lary. This could be for a specific type of patient, or for a
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Fig.1 Clinical pharmacology course structure. The first lecture
was an organizational session that gave an overview of the course,
and, importantly, provided aframework for the need to apply tools
of clinical pharmacology in therapeutic decision-making. Other
lectures that had been included are listed in the figure. The specific
lectures chosen could be modified depending on the educational
needs that have been identified. On day 4, the 3-h morning session
was devoted to the roundtable discussion between representatives
from the pharmaceutical industry, academia, Food and Drug Ad-
ministration, and consumer advocacy groups in an attempt to rein-
force objectives 2 and 11. The small group sessions were presented
primarily in modular concepts, and each session lasted approxi-
mately 2 h, with the exception of the persona formulary exercise
that was done on the afternoon of day 4, and lasted approximately
3 h. Students were evaluated on day 4 and 5 by two formative tests
(personal formulary exercise, triple jump exam) and one multiple-
choice written exam

specific indication, or for a specific drug among a class of
similar drugs. During the week the student was asked to
find evidence of drug efficacy taken from the primary lit-
erature, not reviews or editorials. The drug evaluation had
to include a critical discussion on the validity of the clini-
cal trial data, their clinical relevance, and their applicabil-
ity to the specific patient. Pertinent drug interactions, cost
effectiveness, and a therapeutic plan for use of the drug
could be included. On the 4th day of the course, each stu-
dent presented a critical evaluation of hisor her formulary
selection. A one-page summary was required at the time
of the presentation. This 10-min presentation was fol-
lowed by a 5-min discussion with the facilitator and the
other students. This personal formulary exercise was are-
quired element, but was not graded.

Triple jump examination. The triple jump is a formative
examination that has previously been validated as a teach-
ing instrument (Painvin et a. 1979). As performed in the
present course, the triple jump was a one-on-one session
with the student and a faculty facilitator. The student was
presented with a clinical case, and asked to develop the

Module 3
Substance Abuse
Therapeutic Alliance
Rational Prescribing
Special Populations

Module 4
Personal Formulary Exercise

differential diagnosis and atherapeutic plan. The first part
of the triple jump required approximately 15 min per stu-
dent. Following this session, the student was given 3 h to
research the case. During this time the students were al-
lowed to use any means available to them (data base
search, medical library, textbooks etc.) to identify scien-
tific data (or lack thereof) from the primary medical liter-
ature for their therapeutic plan. Review articles and text-
books were not acceptable. In the third part of the triple
jump, the student returned to the faculty facilitator to crit-
ically discuss the scientific evidence supporting the thera-
peutic plan, using all of the tools discussed throughout the
week to provide a rational course of therapy for the pa-
tient. This final part of the example required a 15-min
meeting between the student and the faculty facilitator.
The triple jump grade was based on a 5-point rating scale
for differential diagnosis, research and therapeutic plan.
Faculty facilitators were trained during two review ses-
sions to incorporate the achievement of teaching objec-
tives into the three elements of the triple jump score.

Course evaluation

The course was evaluated at three different levels:

1. Validation of written and oral examination: for
each student, written and oral examination test scores
were correlated with that student’s test scores on the
United States Medical Licensing Examination, Step 2
(USMLE 2), an extensively validated examination that
is considered a gold standard for measuring medical
student performance. Step 2 is administered during the
last 6 months of the medical school curriculum, and as-
sesses whether students can apply medical knowledge
and understanding of clinical science essential for the
provision of patient care under supervision. Most test
scores fall between 160 and 240. The mean score for
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Fig.2 Listing of six major cy-
tochrome P450 (CY P) isoforms
involved in drug metabolism.
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Fluvoxamine Fluoxetine Fluoxetine Fluoxetine Grapefruit Juice
Levofloxacin Fluvoxamine Fluvastatin Haloperidol HIV Protease Inhibitors
Isoniazid Metronidazole Indinavir [traconazole
Ketoconazole Paroxetine Paroxetine Ketoconazole
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first-time examinees from accredited medical schools 2. Assessment of the efficacy of didactic interventions:

in the United Statesisin the range of 200-220, and the
standard deviation is approximately 20. Passing score
is174 (USMLE bulletin, http://www.usmle.org/bulletin/
2002/scoring.htm, accessed 2/21/02).

as an example, we measured the effect of a 15-min lec-
ture intervention on adverse drug event reporting. Stu-
dents were randomized to either “lecture” or “no lec-
ture”. The lecture provided information on completing



aMedWatch adverse reaction report form, the standard
form for voluntary submission of adverse reaction re-
ports to the United States Food and Drug Administra-
tion (FDA). The lecture focused on completing the
form using information considered by the FDA to be
critical to adverse drug reaction reporting, with an em-
phasis on providing high quality information in the re-
port. Afterwards, all students attended a structured pa-
tient interview by one faculty member evaluating a pa-
tient for a recognizable adverse drug reaction, and
were asked to fill out an adverse event report form on
this case. The quality of the adverse event report was
evaluated by two FDA Safety Evaluators, who where
blinded to the students’ group assignment.

3. Survey of U.S. medical school graduates prior to,
and after the implementation of our clinical phar-
macology course: data on student ratings of the time
devoted to instruction in clinical pharmacology, and in
topics covered by our educational objectives, were ob-
tained from the AAMC Medical School Graduation
Questionnaire. Data were in form of a 3-point rating
scale (inadequate, appropriate, excessive). Ratings from
Georgetown University graduates were compared to
ratings from all other U.S. medical school graduates
from 1998 (before introduction of our course) to 2001
using a logistic regression model to predict the proba-
bility of being rated “appropriate” as afunction of time
(1998 vs. 2001), comparison group (Georgetown vs.
al other U.S. graduates) and an interaction term that
represented the extent to which the change in George-
town’s “appropriate” percentage from 1998 to 2001
differed from the corresponding change in the national
group’s “appropriate” percentage over that same time
interval.

Results

Course objectives, practical implementation
and student assessment

Based on the recommendations from the consensus docu-
ment on clinical pharmacology teaching, the student
needs survey and a critical review of the medica litera-
ture, we identified the following 13 teaching objectives,
which were implemented and assessed as described be-
low:

1. The student will be able to utilize the tools necessary
to critically evaluate medications.

e Rationale: The practicing physician must be able
to compare recently approved medications with
currently available therapy in terms of efficacy,
safety and cost.

e Implementation: This was taught using several
approaches including small group discussions in-
tended to emphasize, through practice, the critical
evaluation of the design and conduct of clinical
studies, statistical evaluations of data including a
careful series of exercises designed to familiarize
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physicians with the use of “number needed to treat”
as a decision-making tool. Risk considerations, and
the importance of aworking ability to evaluate sen-
sitivity and specificity were also emphasized. The
utility and appropriate uses of various sources of
information were considered and the use of pri-
mary literature, as opposed to review articles and
electronic databases in the critical evaluation of
medications, was promoted.

e Student assessment: Persona formulary exercise,
triple jump, multiple-choice exam.

2. The student will be able to recognize potential for
bias in sources of information.

e Rationale: Physicians are presented with many
sources of information about medications and must
learn to recognize the limitations as well as advan-
tages of the various reference sources including
FDA-approved product information, pharmaceuti-
cal sales representatives, review articles and pri-
mary literature.

e Implementation: This was carried out using case-
based examples that allowed students to recognize
the potential for bias in the medical literature. A
Panel discussion with pharmaceutical sales repre-
sentatives, a consumer advocate, and a representa-
tive from the Food and Drug Administration was
held to highlight the potential for bias in informa-
tion presented to physician.

e Student assessment: Persona formulary exercise,
triple jump, multiple-choice exam.

3. The student will be able to obtain a comprehensive
medication history.

e Rationale: Incomplete medication histories could
result in co-administration of medications with po-
tential for interaction, in failure to recognize poten-
tial sources of toxicity. Evaluation of medical records
suggests that 25% of prescription drug use is not
recorded, and that more than 60% of patients have
at least one medication that has not been recorded
(Lau et al. 2000). In addition, it is hard to overem-
phasize the value of a more extended medication
history in a context where 60% of physician visits
generate a prescription (Schappert 1999).

e Implementation: Case-based discussions through-
out the course in multiple examples and contexts
alow the student to carefully consider the medica-
tion history using the “AVOID Mistakes” mne-
monic, shown in Fig. 3, and to develop an appropri-
ate approach to the patient that includes this infor-
mation. Thisincludes a history of adverse reactions
to medications, over-the-counter medications in-
cluding vitamins and herbal therapy, previous med-
ications, the potential for drug interactions, sub-
stance abuse and smoking cessation, and pharma-
cogenetics.

e Student assessment: Triple jump, multiple-choice
exam.

4. The student will be able to apply pharmacokinetic
principlesto clinical practice.



38

Allergies? -- to medications or foods

Vitamins and Herbs? -- and other over-the-counter medications

Old drugs? -- as well as current

Interactions? -- with medications or foods

Dependence? -- do you need a Contract?

Mendel: -- Family Hx of benefits or problems with any drugs?

Fig.3

Mnemonic on how to obtain a good medication history:

AVOID Mistakes. This educational tool emphasizes elements that
should be included in a complete medication history

Rationale: Therapeutic drug monitoring is used to
avoid toxicity, to achieve therapeutic efficacy, or to
maintain a usually therapeutic range of plasma con-
centrations. It isalso useful in evaluating the causes
for unexpected toxicity or therapeutic failure. Phar-
macokinetic principles can help guide dosing in
these cases, particularly in certain disease states
(e.g., impaired rena function, septic shock, ex-
treme obesity).

Implementation: Case studies provide examples
of situations in which therapeutic drug monitoring
may or may not be valuable, and provide the stu-
dents the opportunity for hands-on use of pharma-
cokinetic principles in medication dosing. Students
are provided with a pocket card with the few simple
pharmacokinetic equations necessary to use thera-
peutic drug monitoring in clinical practice.
Student assessment: Triple jump, multiple-choice
exam.

5. The student will be able to recognize the differences
in pharmacokinetics and pharmacodynamics of drugs
in the pediatric, obstetric and geriatric population.

Rationale: Pharmacokinetics and pharmacodynam-
ics of commonly used medications change over the
continuum of age from neonatal patients to the el-
derly, as well asin pregnancy. Because of the rela-
tive lack of data in these populations, limitations
eist in the labeling of medications when used in
these populations (Kearns 2000) (Turnheim 1998).
I mplementation: Didactic lectures are used to pre-
sent recent research providing specific data about
pharmacokinetics and pharmacodynamics in these
populations. Case-based discussions in small groups
reinforce the use of these concepts and encourage
each prescription to be considered as an experiment.
Student assessment: Personal formulary exercise,
triple jump, multiple-choice exam.

6. The student will be able to utilize tools to recognize
and/or prevent adverse drug reactions and drug inter-
actions.

Rationale: The Institutes of Medicine report “To
Err is Human” (Committee on Quality of Health

Care in America: Institute of Medicine 2000) esti-
mated that 44,000 to 98,000 deaths occur annually
in the United States due to medical errors. Subse-
quent studies also estimate that Medication errors
are responsible for significant mortality, with mini-
mal estimates of 7,000 deaths reported annually
(Phillips et al. 1998). Thisislarger than the number
of deaths due to workplace injuries in the United
States (U.S. Bureau of Labor Statistics 2001a).
Other studies have estimated that adverse reactions
to medications are the fourth to sixth leading cause
of death in the United States (Lazarou et a. 1998).
A large number of adverse drug reactions are pre-
ventable, including those that are due to drug inter-
actions.

Implementation: A core lecture on drug interac-
tions as cause of adverse drug reactions has been
used. In addition, using case-based small group dis-
cussions, students use readily available tools to as-
sist in the prevention of drug interactions and to
prevent or recognize adverse drug reactions due to
other mechanisms. These tools include a pocket-
sized laminated card (www.drug-interactions.com)
that is useful inidentifying cytochrome P450-medi-
ated drug interactions (Fig. 2), and atable of drugs
known to prolong the QT interval on the ECG or
cause torsades de pointes cardiac arrhythmia (www.
torsades.org). Students are also given a laminated
card with pertinent equations to help with drug dos-
ing. Thesetools are used throughout the casesin the
course. Case-based small group discussions demon-
strate the role of pharmacogenetics in drug metabo-
lism and pharmacodynamics. Students also learn
how to treat specific adverse drug reactions that are
due to preventable events, overdose, or unexpected
events.

Student assessment: Personal formulary exercise,
triple jump, multiple-choice exam.

7. The student will be able to recognize the usage of

over-the-counter and herbal medications and their im-
plication in the practice of medicine.

Rationale: Over-the-counter and natural products
may be a source of major unrecognized toxicity, ei-
ther due to the product itself (Haller and Benowitz
2000; Kernan et al. 2000), or unlabeled toxic com-
ponents of the preparation (Nortier et al. 2000). Ad-
verse drug reactions, including therapeutic failure,
may be due to interactions of the product with a
prescription medication (Ruschitzka et al. 2000) or
due to abuse of the product (Phillips 1999). As
well-designed studies begin to be published, the
physician should be aware of the potential role for
natural products in therapeutics, and should not
only be aware of increasing use of natural products
among patients who may not feel comfortable dis-
cussing such use with the physician, but have the
tools available to deal with it: specific questions as
part of the medication history and an awareness of
the significant potential for drug-herb interactions.



Implementation: These issues are addressed in a
core lecture on herbal therapy. The core lectureisa
follow-up to an herbal therapy lecture that the stu-
dents have heard in the 2nd year of the medical
school pharmacology curriculum. It provides an
overview of herbal therapy including regulatory is-
sues relating to efficacy, safety and quality of herbal
products, including the well-recognized variability
in composition of marketed products. It aso in-
cludes a review of the basic and clinical pharma-
cology of specific preparations. The lecture pro-
vides a basis from which physicians can rationally
and openly discuss the use of natural products with
their patients. The case-based discussions empha-
size obtaining a complete medication history, the
difficulty of obtaining accurate herbal medication
histories and the use of practical quick-reference
tools to identify important drug interactions.
Student assessment: Triple jump, multiple-choice
exam.

8. The student will be able to use the principles of pain
management to optimize medication use in treating
severe acute and chronic pain.

Rationale: Medical school graduates have consis-
tently rated teaching in pain management during
medical school asinadequate (AAMC 2001b). Sev-
eral recent studies have evaluated attitudes of med-
ical students as well as physicians about the man-
agement of pain, that identified attitudinal barriers
to the management of pain (Breitbart et al. 1999;
Weinstein et a. 2000a, 2000b). An important per-
ception of many patients with a variety of different
painful conditions has been that physicians do not
know how to manage pain well, particularly in out-
patient settings. Given the wide range of analgesics
now available and the availability of World Health
Organisation guidelines on the management of pain,
the skill of rational prescribing for pain should be
included in the training of physicians.
Implementation: The curriculum included a core
lecture and a series of practice cases that trained
students how to calculate routine dosing and equiv-
alent doses of opiates, and that addressed rational
prescribing for acute and chronic cases of severe
pain of various etiologies.

Student assessment: Personal formulary exercise,
triple jump, multiple-choice exam.

9. The student will be able to document and report ad-
verse drug reactions and medication errors.

Rationale: Despite some limitations of the Food
and Drug Administration’s voluntary MedWatch
system for reporting adverse drug reactions, the
value of this program for recognizing signs of med-
ication-associated events is apparent. This has been
demonstrated in the recognition of adverse events,
and eventual removal from the market for several
drugs since 1998 including terfenadine, astemizole,
mibefradil and cisapride. In addition, it has recently
been demonstrated that a brief description of the
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MedWatch reporting form can improve the quality
of reports.

Implementation: Students are exposed to data re-
garding the value of the MedWatch and medication
errors reporting programs and go through an exer-
cise in which they record an adverse event after a
patient interview, and complete a MedWatch form
from the same data.

Student assessment: Multiple-choice exam.

10. The student will be able to integrate medical ethics
regarding prescribing.

Rationale; Physicians have become the target of
heavy marketing by the pharmaceutical industry,
with budgets for drug marketing exceeding that for
research and development. Marketing strategies
such as “seeding trials”, in which the physician can
become the instrument of increasing sales under the
guise of participation in research, raise ethica
guestions.

Implementation: Small group discussions of the
American Medical Association opinion on gifts to
physicians from industry (American Medical Asso-
ciation 2001) and role-plays of “seeding trials’ are
used as examples of how to integrate medical ethics
into prescribing.

Student assessment: Triple jump, multiple-choice
exam.

11. The student will be able to prescribe rationally re-
gardless of the prescribing environment.

Rationale: There are many pressures to prescribe
irrationally. These include cost-containment in the
era of managed care in a setting that may lead to
adverse outcomes (ACP-ASIM Observer 2000),
pressures to prescribe antibiotics inappropriately in
the setting of antibiotic resistance (Scott et al.
2001) and patient pressures due to direct-to-con-
sumer advertising (Bell et al. 1999; Spurgeon
1999). Furthermore, medical school graduates have
consistently rated teaching on managed care during
medical school as inadequate (AAMC 1998).
Implementation: On day 4 of the course, the 3-h
morning session was devoted to a roundtable dis-
cussion between representatives from the pharma-
ceutical industry, academia, Food and Drug Ad-
ministration, and consumer advocacy groups in an
attempt to demonstrate the many pressures leading
toirrational prescribing. A role-play exercise trained
students on how to respond to prescribing pressures
by managed care representatives. Small group dis-
cussions and case-based exercises illustrated the
importance of the therapeutic aliance in rational
considerations of therapeutics. Prescription-writing
exercises reiterated the principles learned through-
out the course. The personal formulary exercise and
the triple jump required a critical review of the
peer-reviewed literature in developing a therapeutic
plan.

Student assessment: Personal formulary exercise,
triple jump, multiple-choice exam.
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Fig.4 Correlation between USMLE Step 2 test scores and multi- e Student assessment: Triple jump, multiple-choice
ple-choice examination and triple jump examination. Examination exam
scores are plotted for medical students that graduated in 2001 (top ’ : . .
panels) and in 2000 (bottom panels). Results of the linear regres- 13. The_ student will be able to recognize and treat poi-
sion analysis (correlation coefficient r and P-value) are indicated soning.

in each panel

12. The student will be able to recognize and treat sub-
stance abuse.

 Rationale: Unrecognized substance dependence can
interfere with any therapeutic plan and endanger
the patient. Despite its huge importance for al clin-
ical specialties, more than 10% of residents feel un-
prepared to care for patients with substance abuse
(Blumenthal et al. 2001). Skills such as recognition
and treatment for substance abuse are not required
during clinical curricula of many U.S. medica
schools, as has been recently demonstrated for
smoking cessation (Ferry et al. 1999).

e Implementation: Case-based small group discus-
sions emphasi ze the importance of recognizing ahis-
tory of substance abuse, and provide the students with
tools on how to assess the degree of dependence.
They a so emphasize the need to establish a therapeu-
tic alliance with the patient and other care-providers
such as family members, nurses and pharmacists.

e Rationale: It isimportant for all the students to un-
derstand the pharmacokinetic and pharmacody-
namic principles that govern the diagnosis and
treatment of poisoning. Included in thisis the need
to obtain an accurate medication history and outline
adifferential diagnosis.

e Implementation: Case-based small group discus-
sion emphasizes the use of information tools for
rapid diagnosis, and teaches the pharmacological
principles underlying the different therapeutic ap-
proaches to poisoning.

 Student assessment: Multiple-choice exam.

The overall organization of the course is summarized in
Fig.1. The first lecture was an organizational session that
gives an overview of the course, and, importantly, it pro-
vided a framework for the need to apply tools of clinical
pharmacology in therapeutic decision-making. Other lec-
tures that had been included are listed in Fig. 1. The spe-
cific lectures chosen could be modified depending on the
educational needs that have been identified. The small
group sessions were presented primarily in modular con-
cepts, and each session lasted approximately 2 h, with the



exception of the personal formulary exercise that was
done on the afternoon of day 4, and lasted approximately
3h.

Required faculty time

For a class size of 150-160 students, 10-12 facilitators
were occupied full-time for the 1-week period. This al-
lowed teaching with groups of 12-15 students, which was
also the maximum number of students that could be han-
died by individual facilitators during the personal formu-
lary exercise and triple jump examination.

Course evaluation

A number of approaches were taken to evaluate individual
elements and overall impact of the course. We first vali-
dated the two graded examinations (multiple-choice and
triple jump) against test results from Step 2 of the
USMLE examination, which is the accepted and validated
standard of clinical proficiency of U.S. medical school
graduates. As shown in Fig.4, results from our written
multiple-choice examination were highly significantly
correlated with the USMLE 2 test scores, both in 2000
and 2001. Compared to the written test, test scores from
the oral examination had a lower correlation coefficient,
which was statistically significant only in 2001. Neverthe-
less, these results suggest that both exams are valid mea-
sures of clinical proficiency of medical students.

We next examined the efficacy of teaching adverse
drug events reporting (objective no. 9). As previousy re-
ported (Rosebraugh et al. 2001a), a 15-min core lecture
intervention on this topic significantly increased the qual-
ity of the adverse drug event reports submitted by the in-
tervention group compared to the nonintervention group
as judged by an expert panel of FDA representatives.
Thus, even a brief intervention of this type can improve
adverse reaction reporting.

The overall impact of the course was based on the re-
sults from AAMC medical school graduation question-
naires from 1998 to 2001. The annua guestionnaire pro-
vides data on how U.S. Medical School Graduates rate el-
ements of their medical school training. As illustrated in
Fig.5, theintroduction of a pilot program in 1999, and the
full course in 2000, appeared to be associated with an in-
crease in ratings of teaching clinical pharmacology, pain
management and managed care, three areas which were
addressed by our course objectives. Logistic regression
(Table 1) indicated that for all three measures there was a
highly significant increase in a rating of “appropriate”
over time (P<0.001), in both the Georgetown and the na-
tional student group. Furthermore, Georgetown students
delivered a significantly higher percentage of “appropri-
ate” pain management ratings than the national group
(P=0.044), independent of year. There was no significant
difference between Georgetown and the national group in
clinical pharmacology or managed care. The group-by-
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Fig.5 Results of the AAMC Annua Medical School Graduation
Questionnaire from 1998 until 2001. Graduates were asked to rate
the time devoted to their instruction during medical school in dif-
ferent areas as inadequate, appropriate or excessive. Plotted are the
percentages of appropriate instruction time provided in three areas
(clinical pharmacology, pain management, managed care) that
were taught as part of our course objectives. Note the significant
increase in the ratings after course introduction in 1999 and 2000
(National all US medical school graduates, GU Georgetown Uni-
versity graduates)

year interaction term, which most directly indicates the
extent to which the percentage of “appropriate” ratings by
Georgetown'’s students increased faster than those of the
national group from 1998 to 2001, was highly significant
for clinical pharmacology (P=0.013) and for managed
care (P=0.017), but not for pain management (P=0.178).

Discussion

Based on our experience, a successful implementation of
this core curriculum in clinical pharmacology required
several key elements. First and foremost, enough physi-
cians of various specialties trained in clinical pharmacol-
ogy must be available to give the core lectures, to run the
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Table1l Resultsof logistic re-

gression of “appropriate’ rat- Coefficient + SE Odds ratio (95% ClI) Significance
ing as afunction of year, study  ¢jipjical pharmacology
%'ﬁ’:{’ﬁtgr”gc{{ggfgﬁ?;pe{gms Georgetown vs. national 0.0447+0.1581 1.046 (0.767-1.426) P=0.777
in clinical pharmacol ogy Interaction (course effect) 0.6980+0.2809 2.010 (1.159-3.485) P=0.013
Intercept 0.8001 - -
Pain management
Georgetown vs. national 0.2964+0.1475 1.345 (1.007-1.796) P=0.044
2001 vs. 1998 0.3813+0.0260 1.464 (1.391-1.541) P<0.001
Interaction (course effect) 0.3010+0.2236 1.351 (0.872—-2.094) P=0.178
Intercept —0.6632 - -
Managed care
Georgetown vs. national 0.0341+0.1503 1.035 (0.771-1.389) P=0.820
2001 vs. 1998 0.1281+0.0261 1.137 (1.080-1.196) P<0.001
Interaction (course effect) 0.5358+0.2242 1.709 (1.101-2.652) P=0.017
Intercept —-0.5755 - -

small group sessions effectively, and most importantly to
administer the problem-based oral examinations (personal
formulary, triple-jump). The use of many small groups
will be amagjor limiting factor for many institutions, but it
is possible to include facilitators with a variety of back-
grounds and levels of experience, if appropriate training
sessions are conducted. Even in our situation where
trained clinical pharmacology faculty members were
available, training sessions for this course were conducted
monthly throughout the academic year. In addition, each
session of the course was outlined in a teaching notebook
for the faculty that includes learning objectives, teaching
points, and copies of pertinent reference materials. Sec-
ondly, medical school support to make the clinical phar-
macology course arequired part of the clinical curriculum
has to be present. Finally, small-group cases and educa-
tional tools are necessary.

As part of our educational effort at Georgetown Uni-
versity, the educational material used in this course is
available free of charge to any medical school or faculty
member interested in administering such a course. These
resources include the therapeutic tools, the small-group
modul es, organization, lecture outlines and teaching points
themselves, alist of speakers, and the educational module
for the drug interaction lecture.

Limitations

Although we have designed and implemented this clinical
pharmacology curriculum with the ultimate goal to im-
prove physicians prescribing habits, at this time we do
not know if the course made a difference in the clinical
performance of our graduates. Measuring the impact of a
1-week-long course is difficult, but, to address this ques-
tion, we are currently planning a survey of residency di-
rectorsto assess the clinical performance of our graduates.
Nevertheless, in the design of our course, we relied heav-
ily on small group exercises, which have been shown to

be the most effective intervention to change physician
prescribing behavior (P. Honig, Director, Office of Post-
marketing Drug Risk Assessment, Food and Drug Admin-
istration, personal communication 2002).

We have used logistic regression analysis to assess
the impact of our course on ratings by medical school
graduates. This analysis entails several assumptions,
most notably that the logarithm of the odds of an “ap-
propriate”’ rating can be modeled as the sum of “year”,
“group” and “interaction” terms. Equating the year x group
interactive term in the model with the " course effect” as-
sumes that no other effects specific to Georgetown dur-
ing 1998-2001 could have accounted for the observed
interaction.

Summary

In this article, we have developed and evaluated a core
curriculum in clinical pharmacology for 4th-year medical
students that builds on core principles of rational thera-
peutics. If the educational objectives are achieved, this
course should be useful for teaching rational prescribing
to senior medical students, and provide a foundation for
physicians to promote life-long learning on therapeutics.
With the guidance and educational material provided by
this article, a successful implementation of such a course
should be possible in most medical schools.
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