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Objective. Design, implement, and evaluate a standardized approach to teaching clinical toxicology
for pharmacy students.
Design. An extensive review of the literature was conducted and a standardized approach to teaching
Clinical Toxicology, a 1-credit-hour elective course, was designed, consisting of 9 key questions to
address any clinical poisoning. A patient-oriented and problem-solving approach to clinical toxicology
was adopted throughout the course.
Assessment. Average performance on course examinations for the academic years 1996-2001
(N5604) when the course was required and the academic years 2002-2007 (N537) when the course
was changed to an elective was 83.4% and 81.7%, respectively.
Conclusions. A standardized, patient-oriented approach to teaching clinical toxicology allowed suc-
cessful conversion of this material from a required course to an elective and facilitated students’
exposure and interest in this important area of practice.
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INTRODUCTION
Clinical toxicology is a discipline that focuses on

diseases that are caused by or are uniquely associated with
toxic substances.1,2 Pharmacists are knowledgeable of the
principles of clinical toxicology including median lethal
dose (LD50), median effective dose (ED50), margin of
safety, therapeutic index (TI), risk assessment, spectrum
of effects from a drug, regulatory agencies related to han-
dling of drugs and chemicals, types of toxic reactions,
types of interactions between chemicals, and basic con-
cepts in the prevention and treatment of poisoning from
drugs. Clinical toxicologists treat patients who are poi-
soned by drugs and other chemicals and develop new
techniques for the diagnosis and treatment of such intox-
ications.1,2 Pharmacists can play a major role since they
have an in-depth understanding of drug action and drug
adverse effects. In addition, since poisonings do and will
occur, pharmacists as the most accessible health care pro-
fessionals can potentially serve as first responders in the
community. With the proper training, this can become
a part of their professional responsibility in delivering
pharmaceutical care. Career opportunities for pharma-
cists in this area include working in poison control

centers (PCC), emergency departments/care units and in-
tensive care units. Through membership in the American
Academy of Clinical Toxicology, pharmacists can seek
credentialing through the American Board of Applied
Toxicology (ABAT).

There are currently no data available on the number of
colleges and schools that offer courses in clinical toxicol-
ogy. However, a literature search of the last 20 years
resulted in a few articles and abstracts related to clinical
toxicology courses for pharmacy students.3-9 A descrip-
tion and documentation of the effectiveness of a standard-
ized approach to treating poisoned patients as part of
a clinical toxicology course is presented. The overall
course objective was to emphasize to the students the
important role that pharmacists can play in poison control
prevention and treatment, and in the process, stimulate
student interest in career opportunities in this important
area of pharmacy practice and how they can potentially
incorporate knowledge from this discipline into their
practice. The standardized approach to each poisoning
is the tool used to help the students relate to key questions
to address a poisoning. In this manuscript, acetaminophen
poisoning is discussed as an example of how this approach
is utilized to meet the overall course and lesson objectives.

DESIGN
PHA457, Clinical Toxicology, is 1-credit hour elec-

tive course that originally was a required course (1996-
2001) taught to third-year pharmacy students at Creighton
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University. Since 2002, it has been offered as an elective
course in the fall semester for both our campus and dis-
tance students.12 When it was required, the course was
taught in a classroom. As an elective course, students
accessed the course via the course Web site, which was
authored in Microsoft FrontPage. Students communi-
cated with the instructor via e-mail, online discussion
folders for each lesson, and online and on-campus confer-
ences. Students who enrolled in PHA457 had completed
the first semester of their second-professional year, the
curriculum for which included medicinal chemistry,
pharmacology, and patient assessment.

Lesson objectives for PHA457 are linked to the
schools educational outcomes and to Bloom’s Taxonomy
of Learning.10,11 They are based on 9 key objectives and
are as follows for all poisonings:

d Discuss the incidence of the chemical poisoning
in the United States and provide a historical per-
spective and outcomes based on the American
Association of Poison Control Centers (AAPCC)
annual report.

d Explain the mechanism of the chemical toxicity
and its clinical implications.

d Analyze how the chemical toxicity would be
influenced if your patient for example, has prior
exposure to inducers of microsomal enzymes,
chronic alcohol/tobacco consumption, or inhibi-
tors of cytochrome (cyp) enzyme system; or is an
adult, an older patient, or a child.

d Evaluate the critical pharmacokinetic properties
of the chemical influencing toxicity/poisoning.

d List the stages (if any) or general signs and
symptoms of the poisoning and describe the clin-
ical indicators of poisoning/toxicity with the
chemical.

d Explain the association (if any) between serum
concentration of the chemical and the risk of
toxicity.

d Develop a treatment plan for your patient.
d Evaluate the outcome(s) of the chemical poisoning.
d Discuss the pharmacist role in preventing/treat-

ing the chemical poisoning.
The clinical toxicology course Web site had links to

all the course lessons, primary literature articles, selected
textbook chapters, and links to helpful Web sites on poi-
soning prevention and treatment. The first 4 lessons of the
course transitioned students from the general knowledge
concepts/principles in clinical toxicology to how to apply
these concepts/principles in their role as pharmacists. Stu-
dents were told that the course was not meant to make
them experts but rather to stimulate their interest in this
important area of clinical pharmacy practice and to pursue

higher training and certification. The most common poi-
sonings occurring in the local area and nationally were
addressed, including aspirin, iron, tricyclic antidepres-
sants, alcohol, opiates, sedative hypnotics, and pesticides.

All lesson handouts were intentionally written to be
comprehensive, descriptive, conversational, and reinforc-
ing. The handout was divided into 9 sections based on the
learning objectives above. A thorough understanding of
all sections was required to be able to apply the knowl-
edge on the examination. An extensive search of clinical
toxicology textbooks was conducted,13-16 and primary
literature and the local PCC resources were consulted in
creating the final content. With the exception of Gold-
frank’s Toxicological Emergencies textbook,14 none of
the other textbooks reviewed presented a patient-ori-
ented, problem-solving approach to clinical toxicology.
However, Goldfrank’s content structure changes from
chapter to chapter, making it difficult to find information
quickly.

Students were encouraged to review their Patient As-
sessment course notes to help them in recognizing clinical
signs and symptoms that are common/typical in a poi-
soned patient. Also, since there was not a clinical chem-
istry course in our curriculum, students were given
a handout with some of the key laboratory values and their
clinical significance, especially those needed to under-
stand the clinical findings for poisonings discussed in
the course. This was important to help the students hone
in on critical signs and symptoms and combine that with
clinical chemistry findings to confirm and appropriately
treat the poisoning. Our standardized approach was
intended to help students become more comfortable with
key principles in poison prevention and treatment and
apply them as they encountered different poisonings in
real patient scenarios.

Appendix 1 is a sample case study that was obtained
from the local PCC. Cases were chosen to highlight the
key clinical issues for each poisoning discussed. Another
sample case or review article was provided on the course
Web site for the students to review on their own.17 Key
application questions from the PCC and the review article
were introduced on course evaluations to challenge the
students. Following the introduction of the case, students
were asked to address the 9 key objectives, keeping in
mind their patient in the case study.

Course Content
Incidence of Acetaminophen Poisoning. The inci-

dence of each poisoning, the demographics of the poisoned
individuals, and documented outcomes are key information
to know about a poisoning. Strategies for the prevention of
a poisoning are better developed with an understanding
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of the above information and its implications for clini-
cians, including practicing pharmacists. Acetaminophen
has been utilized as an analgesic and antipyretic since the
mid-1950s and became more prominently recognized as
a potential hepatotoxin in overdose situations in the early
1970s.17,18 Based on the 2006 American Association of
Poison Control Centers (AAPCC) Annual Report, acet-
aminophen is now the single most common cause of
poisoning requiring hospital admission and medical
management.19 Approximately 48,210 cases of acetamin-
ophen (only) ingestion were reported to PCCs in 2006
in the United States, of which 15,556 were evaluated in
a health care facility. Several factors contribute to this
including increased usage and availability of acetamino-
phen and increased use in children due to possible
development of Reye’s syndrome when salicylates are
used. Also, many physicians seem unaware of the poor
anti-inflammatory activity of acetaminophen.17,18

The actual mortality rate for acetaminophen overdose
is remarkably low. Children less than 9 years of age have
lower incidence of hepatotoxicity after an acute overdose
than do adults due to early spontaneous emesis, differ-
ences in metabolic pathways, Cyp enzyme system playing
a smaller role in metabolism, increased turnover rate of
glutathione, and increased antioxidant activity.17,18

Sixty-two percent of the cases of acetaminophen poi-
sonings occurred in children ,6 years of age, 20% in
children 6 to 19 years of age, and18% in people.19 years
of age.19 The negative outcomes of exposures to the adult
formulation were classified as none or minor in 89% of
cases; moderate in 8%; and major in 3%, including 45
cases resulting in death. In comparison, less than 1% of
exposures to the pediatric formulation were classified as
major and no deaths were reported. The report also in-
dicated that 21% of the cases were intentional.

There were 37,701 cases of poisonings involving
acetaminophen in combination with another drug (aspi-
rin, codeine, hydrocodone, oxycodone, propoxyphene,
and other narcotics) reported in the 2006 AAPCC Annual
Report.19 In general, the percent of moderate to major
outcomes was higher (18%), with death occurring with
all combinations except aspirin. Poisonings involving com-
bination products cause more dramatic acute symptoms.19

(Typical student assignment following coverage of
this material: Review the AAPCC and local PCC Annual
Report regarding acetaminophen poisoning and provide
any practical implications for you as a local or national
future pharmacist.)

Mechanism of Toxicity of Acetaminophen. From
prior knowledge in pharmacology and medicinal chemis-
try, students were encouraged to reflect on the importance
of knowing the mechanism of action of a drug and how

this can help in understanding therapeutic use as well as
potential side effects and adverse effects. As important,
students learned how to prevent and protect against tox-
icity. Figure 1 provides a schematic explanation for how
acetaminophen metabolism contributes to toxicity. Key
concepts that students need to come away with include:

d A maximum therapeutic daily dose of acetamin-
ophen is 4 grams in adults and 150 mg/kg for
children.

d Acetaminophen is metabolized 98% by the liver
through conjugation to inactive glucuronide
(42%) and to inactive sulfate metabolites. Both
pathways are saturable in adults.

d Approximately 3% to 8% is metabolized by Cyt-
p450 to highly reactive alkylating metabolite that
is inactivated by conjugation with glutathione
(GSH) and is excreted in the urine as cysteine
and mercapturic acid conjugate.

d In overdose/poisoning, the glucuronidation and
sulfation pathways become saturable and metab-
olism by Cyt-p450 is increased, resulting in in-
creased formation of the reactive intermediate,
N-acetyl-p-benzoquinoneimine (NAPQI.).

d Accumulation of NAPQI. results in rapidly de-
pleting the natural protective stores of GSH.
When 70% of GSH stores is depleted, NAPQI.
binds covalently with the protein macromolecules

Figure 1. Mechanism of acetaminophen toxicity.
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in the hepatocytes resulting in cell death and de-
struction of liver structure.

(Typical student assignment following coverage of
this material: Based on your understanding of the mech-
anism of action of acetaminophen, discuss the clinical
implications for the patient following ingestion.)

How specific factors influence acetaminophen
toxicity. Equipped with an understanding of the mecha-
nism of toxicity of acetaminophen, students were chal-
lenged to predict how toxicity would be influenced by
several predictable and nonpredictable factors. Examples
included prior exposure to inducers of microsomal
enzymes, chronic alcohol consumption, prior exposure
to inhibitors of Cyp enzyme system, and whether the pa-
tient was an adult, an older patient, a child, malnourished,
or had depleted GSH stores. Studies from the literature
that clearly address the impact of any of the above or other
factors on the extent and outcome of toxicity were dis-
cussed, such as chronic alcohol abuse as an independent
factor for mortality and development of hepatic enceph-
alopathy.20-22 Tobacco use is another independent factor
for development of severe toxicity, liver failure, and
death.23 (Typical student assignment following coverage
of this material: Identify and discuss the factors that may
have worsened the outcome for the patient.)

The critical pharmacokinetic properties of acet-
aminophen influencing toxicity/poisoning. Acetamin-
ophen is rapidly and almost completely absorbed from the
gastrointestinal tract by 4 hours. Students should be able
to predict that absorption will be prolonged for sustained

release formulations and when acetaminophen is co-
ingested with drugs that decrease gastric emptying such
as diphenhydramine. Acetaminophen is relatively uni-
formly distributed throughout most body fluids and bind-
ing to plasma proteins is variable (20%-50%). The highest
concentration is seen in the peripheral zone of the liver
and renal medulla. Hence, the potential toxicity for these
organs is predictable. The metabolism and its implication
are discussed above. As for excretion, only 2% of an
acetaminophen dose is excreted unchanged in urine, with
an elimination half life 1-3 hours. However, excretion
may exceed 12 hours in acute overdose. (Typical student
assignment following coverage of this material: Discuss
the implications for NZA based on the pharmacokinetics
of the acetaminophen preparation ingested.)

Stages and general signs and symptoms of
poisoning from acetaminophen. Student familiarity
and ability to predict the manifestation of toxicity follow-
ing chemical exposure was important. Some of the poi-
sons have identified stages following the toxicity while
others may not and require a differential diagnosis to help
identify the causative agent. Table 1 is a summary of the
stages of acetaminophen poisoning. The signs and symp-
toms provide key information that is important to moni-
toring poisoned patients, such as liver function tests, renal
function tests, prothrombin time, total bilirubin, interna-
tional normalized ration (INR), serum creatinine, blood
urea nitrogen, urinalysis, hemoglobin, and electrocardio-
gram (EKG). (Typical student assignment following cov-
erage of this material: Identify what signs and symptoms of

Table 1. Stages of Acetaminophen Poisoning

Stage Length of Stage Description

I 0.5-24 hr Within a few hours after ingestion, patients experience anorexia, nausea,
pallor, vomiting, and diaphoresis. Malaise may be present. Patient
may appear normal.

II 24-48hr Symptoms of Stage I are less severe, and patient may think
everything is normal. A period of perceived recovery.
Right upper quadrant pain may be present due to hepatic damage.
Blood chemistry becomes abnormal with elevations of liver enzymes
and bilirubin. Prothrombin time prolonged. Renal function begins to
deteriorate, but BUN normally remains low as a result of decreased
hepatic urea formation.

III 72-96 hr Starts 3-5 days after ingestion. Characterized by symptoms
of hepatic necrosis. Coagulation defects, jaundice, renal failure and
myocardial pathology are all frequently present. Hepatic encephalopathy
has been noted. Hepatic biopsy at this time reveals centrilobular necrosis.
Nausea and vomiting may reappear. Death is due to hepatic failure; it is
frequently preceded by anuran and coma.

IV 4 days-2 weeks If the damage done during Stage III is not irreversible, complete resolution
of hepatic dysfunction will occur.
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acetaminophen toxicity with which the patient presented.
What stage of acetaminophen did she arrive at the hospital
with?)

The association between serum concentration of
acetaminophen and the risk of toxicity. In the case of
acetaminophen, the Rumack-Matthew (R-M) nomogram
is reliable for interpreting a single plasma level obtained
4-24 hours after a single acute ingestion. Levels above the
lower or treatment line predicts risk for delayed hepato-
toxicity and need for full N-acetylcysteine (NAC) treat-
ment. Since the acetaminophen level is critical for
determining potential for toxicity, factors that may influ-
ence the level should be considered before final decisions
are made regarding treatment. These factors include mak-
ing sure that the laboratory method measures plasma con-
centration of free acetaminophen, measuring levels for
liquid preparations at 2 hours post ingestion, and treating
if the levels are greater than or equal to 225 mg/dl, treating
patients ‘‘near’’ the treatment line in the R-M nomogram
in the case of multiple ingestion since pharmacokinetics
are altered by the other drugs in such cases, drawing ad-
ditional levels if ingestions occurs with food or drugs such
as diphenhydramine (eg, Tylenol PM), opioids, or other
drugs that delay absorption. (Typical student assignment
following coverage of this material: What is the impor-
tance of acetaminophen level on day 3 for the patient?)

Developing a treatment plan for a patient. Stu-
dents were given general recommendations such as if
the patient is unconscious or not breathing, call 911
immediately, and if the patient is awake and breathing
without symptoms, call the local PCC or the AAPCC

(800-222-1222). Students are also asked to recall the gen-
eral principles of managing the overdosed patient, includ-
ing that treatment of acute poisoning must be prompt and
aimed at treating the patient not the poison. In addition,
the first goal should be to maintain the patient’s vital
functions if impairment is imminent. The second goal is
to keep the concentration of the poison in the crucial
tissues as low as possible by preventing absorption and
enhancing elimination. Finally, the third goal is to combat
the pharmacological and toxicological effects at the af-
fected sites (ie, treat with an antidote if one is available).24

Specific recommendations based on the local PCC and
major reference textbooks were summarized for the stu-
dents. Recommendations for pre-hospital treatment and
hospital treatment were addressed. For example, Table 2
is a summary based on a review of clinical toxicology
textbooks, the literature,13-18 and the local PCC guide-
lines, and it clearly indicates the recommendation based
on the amount of ingestion of less or more than 150 mg/kg
of 7 gm total.

Students were challenged to address and research all
aspects of drugs used in the treatment such as the time
window for administration and effectiveness of activated
charcoal, appropriate dosing, and proper administration.
Practical issues such as whether activated charcoal should
be administered if the patient is receiving oral or intrave-
nous (IV) NAC therapy were also discussed.

NAC is the antidote for toxic acetaminophen over-
dose. It can be given orally or intravenously. Important
information for oral treatment includes knowing the types
of preparations on the market, which preparation to use in

Table 2. Acetaminophen Protocol for Acute Exposures13-18
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a pediatric patient, and the importance of mixing it with
juice or other flavorings to mask its foul odor. For admin-
istration, if the patient can not take it by mouth, a tube may
be placed through the mouth and into the stomach to help
administer it. However, if oral administration is not pos-
sible, IV therapy is warranted. Other important consider-
ations related to NAC therapy include determining the
need for therapy based on levels, how to interpret levels
less than 4 hours after ingestions, the importance of not
delaying therapy for lack of levels, and to not discontinue
therapy if the initial level is above the treatment line and
subsequent levels fall below the treatment line (Table 2).
Appropriate dosing of the oral and IV preparation is also
critical. Practical tips such as repeating the oral dose if
vomiting occurs within 1 hour of administration, how to
prepare the loading and maintenance dose of the IV, and
what to watch for as potential signs of toxicity from the IV
dose are essential for pharmacists to know when treating
an overdosed person in order to contribute to a team effort.
Further, the role of antiemetics is also important to discuss
in acetaminophen overdose. Metoclopramide, ondanse-
tron and diphenhydramine can be used and appropriate
dosing is addressed. Phenothiazines are generally not rec-
ommended since they tend to decrease the seizure thresh-
old. (Typical student assignment following coverage
of this material: Evaluate and discuss the treatment plan
provided to the patient.)

Evaluating the outcome(s) of acetaminophen poi-
soning. A thorough review of the clinical literature is
essential to better understand the big picture related to
any poisoning. Much practical information is gathered
to help clinicians individualize the therapy and be familiar
with standards of practice for treatment of a poisoning.
Students were encouraged to contribute to this section by
doing their own readings/research. Information shared
with the students included:

d If the poisoning is taken care of properly and in
a timely manner, the patient will escape major
organ damage. However, a high acetaminophen
level combined with lack of proper and timely treat-
ment will result in organ damage and even death.

d In chronic overdose, most adult cases have com-
pounding factors such as chronic alcohol abuse,
starvation, or concomitant use of enzyme-inducing
drugs, and hepatotoxicity can not be attributed
solely to acetaminophen overdose.

d A study of acute acetaminophen overdose during
pregnancy in 60 cases concluded that pregnant
women who take an acetaminophen overdose
and have a potentially y toxic serum level should
be treated with NAC as early as possible. In 8 out
of 10 cases where the pregnant mother was trea-

ted within 10 hours post-ingestion, the mothers
delivered normal infants.25 (Typical student as-
signment following coverage of this material:
Discuss the recent recommendations regarding
syrup of ipecac stocking at home, and home use.)

The pharmacist role in preventing/treating acet-
aminophen poisoning. One of our main goals was to
encourage students to develop practical strategies to use
as pharmacists in the prevention and treatment of a spe-
cific poisoning. General strategies for the prevention and
treatment of poisoning were summarized for the students
early in the semester and they were challenged in the
classroom, through online discussions, and on course
examinations to build on those strategies.

Two examinations containing essay (40%-50% of an
examination) and multiple-choice questions were admin-
istered to students in the course. All questions were ap-
plication questions and the majority of the essay questions
and some of the multiple-choice questions were based on
actual case studies and challenged the students to
think like pharmacists. Example questions from the acet-
aminophen lesson and other lessons are presented in
Appendix 2.

Student performance on course examinations, stu-
dents’ post-class interest in clinical toxicology, and
student perceptions based on course evaluation were
utilized to assess whether students met the course objec-
tives. All course evaluations were conducted electronically
in IDEA (The IDEA Center, http://www.theideacenter.
org/, Manhattan, KS) or QuestionMark (Questionmark
Computing Limited, http://www.questionmark.com/us/
index.aspx) and student input remained confidential.

ASSESSMENT
Since 2002, 37 students have taken the course includ-

ing 12 distance students.12 Average performance on
course examinations in the academic years 1996-2001
(N5571) when the course was required and the academic
years 2002-2007 (N537) when the PHA457 course was
changed to an elective was 83.4% and 81.7%, respectively
(Table 3). In general, students’ performance on the essay
component of the examinations demonstrated an in-depth
understanding of the content and an ability to apply it to
different patient scenarios based on the cases introduced
on the examination. Students’ answers to questions on
how they would establish a prevention program for a par-
ticular poisoning have consistently resulted in innovative,
pertinent, and practical suggestions. The following are
some examples:

d Counsel patients/family members on the impor-
tance of properly storing acetaminophen and
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other medications out of the reach of children
and in child-resistant containers, dosage forms
available, on the necessity of complying with
dosage recommendations and provide lessons
to teach parents immediate first aid steps.

d Educate parents/patients on how to calculate
dose based on a child’s weight especially based
on the concentration of liquid preparations.

d Increase patient awareness through posters and
pamphlets, and poison prevention programs.

d Communicate with local or national PCC spe-
cialists on the latest recommendations for pre-
vention and treatment of specific poisonings in
an outpatient setting.

d Establish strategies for poison prevention educa-
tion by obtaining and examining local epidemi-
ologic characteristics of exposure and by
developing intervention techniques.

d As a poison control specialist, emergency room
or inpatient hospital pharmacist, review the pri-
mary literature for the latest recommendations
for treatment of specific poisonings, including
appropriate dosing of an antidote and other
drugs.

d Identify and be familiar with references and in-
formation database programs on poisonings
and being able to communicate and apply
the information in the practice setting to
help the medical team attend to a patient with a
poisoning.

d Advise patients not to drink alcohol while taking
acetaminophen and counsel the patient on the
potential for increased toxic effects with chronic
use and concurrent chronic alcohol and tobacco
consumption.

d Pursue a residency program/fellowship in clini-
cal toxicology.

d Become an active member of the American
Academy of Clinical Toxicology and pursue
ABAT credentialing.

Student perceptions based on course evaluations over
the last 11 academic years have been consistent. Ninety
percent of the students agreed that the course content and
assessments were consistent with the syllabus and that the
course encouraged refinement of critical thinking. Stu-
dents’ overall attitude towards the course content was
positive, with more than 90% indicating that the course
content was organized and helpful in understanding the
material. One hundred percent of the students agreed that
the course encouraged them to strive to expand their
knowledge of the subject matter. Students’ subjective
comments support the above data with comments:
‘‘Course provides valuable and necessary information
for clinical practice.’’ ‘‘The lessons are organized with
an easy to follow format for each poisoning.’’ ‘‘Provides
important case scenarios with real life overdose situa-
tions.’’ ‘‘Helped me organize my understanding and ap-
proach to poisoning.’’

DISCUSSION
The new standards for the Accreditation Council for

Pharmacy Education (ACPE), guideline 10.2.26 state that
the pharmacy curriculum should ‘‘strive for availability of
sufficient elective courses and pharmacy practice experi-
ences to allow students to pursue special interests.’’
Therefore, the curriculum must provide such opportuni-
ties for students to explore specific disciplines and areas
of practice. It was not an easy decision when faculty
members voted in 2001 to no longer require the
PHA457 course and to have the content covered in phar-
macology. However, out of a strong belief that pharmacy
students should be exposed to this important area of clin-
ical practice, the course was offered as an elective. In our
School, students are required to take 10 elective hours;
however, they can apply 5 credit hours from the prephar-
macy coursework if they completed hours above the
required prepharmacy credits. Thus, the majority of stu-
dents only need to fill 5 additional elective credit hours.
That coupled with the availability of several excellent
electives including the popular immunization and diabetes
certificate courses, makes recruiting students for PHA457
an ongoing challenge. Efforts to increase enrollment in

Table 3. Comparison of Pharmacy Student Performance in
a Clinical Toxicology When Administered as a Required
Course and as an Elective

Academic Year
(No. of Students)

Average Examination
Score, (%)

PHA457 Required
1996 (N595) 84.0
1997 (N589) 86.3
1998 (N593) 84.4
1999 (N591) 82.2
2000 (N5107) 82.3
2001 (N596) 83.3
Average 83.4

PHA457 Elective
2002 (N52) 79.8
2003 (N56) 84.5
2004 (N59) 81.3
2005 (N56) 80.7
2006 (N57) 82.2
2007 (N57) 82.2
Average 81.7

American Journal of Pharmaceutical Education 2008; 72 (5) Article 120.

7



the course are continuous, including e-mailing students
during registration periods and before the semester starts,
and by briefly introducing/previewing the course in other
required courses. In addition, students who take the
course are encouraged to share their experience with
their peers. Further, an effort is underway to integrate
clinical toxicology into pharmacology in the newly
revised curriculum so that all students get exposure to
this important area of clinical practice. Since the course
was introduced in fall 1996, 2 students have elected
to pursue and complete a clinical residency in a PCC
and have been practicing at an academic institution under
that capacity. In addition, several students have also elec-
ted to take a PCC elective clerkship in their P4 year, in-
cluding 2 of the 9 students who completed the course last
year.

Although both subjective observations and objective
data show a positive response by the students, several
course modifications were made over the years that have
improved on the student experience including modifica-
tions to the organization of the lesson handouts, adding
more discussion questions in the lesson handout, provid-
ing online review sessions through our conferencing
server, and prompting students to interact online by con-
stant e-mail messages and reminders. In addition, based
on student input for the last 2 years, and starting fall 2008,
students will be required to arrange for and provide a re-
flection on a 2-day experience in either a PCC (if one is
within a 30-minute driving distance), emergency room,
intensive care unit, or community pharmacy setting where
students can observe and experience poisoning treatment
and prevention. This was an option for students when the
course was required (1996-2001) and several of the stu-
dents chose to visit our local PCC.

SUMMARY
Based on 6 years’ experience teaching the required

clinical toxicology course, conducting an extensive re-
view of major clinical toxicology textbooks and the pri-
mary literature, and utilizing the local PCC as a resource,
the required course in clinical toxicology was reorgan-
ized/redesigned/reformatted as an elective online course.
The offering of the course has been a rewarding experi-
ence for the students and the instructor. The standardized
approach to looking at poisoning helped the students to
appreciate the discipline more and value the knowledge
gained, and for some students, motivated them to pursue
further training in this area of pharmacy. Providing stu-
dents with opportunities that meet their special interests
can open new career opportunities for them and enhance
the role future pharmacists can play in the community and
as active members of the health care team.
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Appendix 1. Acetaminophen Case Study

NZA is a 37 year-old female, known alcoholic, was in an auto accident for which she was treated and released at a local emergency
department. Over the ensuing 48 hours, she ingested approximately 35 extra strength acetaminophen along with some alcohol. She
presented to her local hospital on day three following the accident with a complaint of persistent vomiting. She was alert and oriented
with jaundice noted on initial exam. Labs drawn on admission showed AST 3646 U/L (N 0-46 U/L), ALT 1515 U/L (N 0-56 U/L),
and Creatinine 2.0 mg/dl (N 0.6-1.1 mg/dl). The Poison Center was contacted at this time concerning N-acetylcysteine recom-
mendations. A loading dose was given and the patient was transferred to a nearby tertiary care facility and liver transplant center.

Admission vital signs at the liver center on day 3 were T 33.4 C, P 97, R 39, and BP 115/68. Admissions lab were as follows: WBC
15,800 (N 4,000-11,000) with 75% segs/ 16% bands/ 9% lymphs, Hgb 10.3 g/dl (N 11.5-15.5 g/dl), platelets 129,000 (N 150,000-
450,000), PT 30.3 sec (N 11.2-13.8 sec), PTT 42.5 sec (N 22.0-37 sec), CO2 8 mEq/L (N 22-30 mEq/L), glucose 276 mg/dl (N 60-110
mg/dl), AST 6060 U/L (N 0-46 U/L), ALT 3738 U/L (N 0-56 U/L), GGT 131 U/L (N 23-208 U/L), and ABG’s with pH 7.17 (N 7.35-
7.45), pCO2 16 mmHg (N 35-45 mmHg), pO2 72 mmHg (N 75-100 mmHg). The serum acetaminophen level was 12.9 mcg/ml and
a drug screen was negative for PCP, benzodiazepines, cocaine, amphetamines, cannabinoids, opiates, barbiturates, and tricyclics. The
patient was placed in the ICU and continued on n-acetylcysteine.

The patient developed renal failure on day four with markedly decreased urine output and multiple casts and renal cells noted on
urinalysis. Her lab values also peaked with PT 39.7 sec, PTT 43.7 sec, AST 6743 U/L, and ALT 4350 U/L. The patient required
hemodialysis and blood transfusions. This was repeated on day five but the patient continued to deteriorate. She required intubation and
ventilation for increasing encephalopathy. An intracranial pressure monitor was placed. Liver transplant was discussed with the family,
but the patient was not considered a candidate due to her past history of unremitting alcoholism. On day six, the patient developed
severe hypotension and acidosis unresponsive to dobutamine and levophed. Patchy infiltrates were noted on chest x-ray consistent with
ARDS. She coded late in the morning on day six and died. Death was attributed to her acetaminophen overdose superimposed on her
chronic alcoholism. Autopsy findings were consistent with fulminate hepatic failure, severe liver necrosis and ARDS.

Appendix 2. Examples of the Problem-Solving Questions Utilized in Examinations.

ACETAMINOPHEN

Question 1.
A 28 year old woman (A.A.) is admitted to the ER after her boyfriend suspected she ingested approximately 30 extra strength

Tylenol around 3 hours ago. The patient will neither confirm nor deny the ingestion. A stat acetaminophen level was ordered and the
patient is observed for another hour after which another blood sample is obtained. The toxicology screen comes back negative for
everything but acetaminophen which has a blood level of 150mcg/ml at 4 hours post exposure. The patient is started on oral 20% N-
acetylcysteine (NAC) and is given the loading dose of 140 mg/kg plus 70 mg/kg maintenance doses every eight hours, mixed with
a soft drink to make a 5% solution. A total of 5 maintenance doses of NAC are administered, all but the last one is well tolerated.
Following the fifth maintenance dose the patient vomited and the maintenance doses were stopped due to intolerance of the antidote.
Aside from the acetaminophen level in the blood and clotting time, no other laboratory tests were performed. Patient was released 36
hours after admission. For the past year, A.A. has been on phenobarbital for control of tonic-clonic seizures.
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1. Evaluate the treatment provided to AA and what was done correctly or incorrectly.
2. Other than any problem with the treatment initiated on A.A. as described in the case above, list and explain one specific

factor related to A.A. that might worsen the outcome of this poisoning in A.A.
3. If A.A. ingested an extended release formulation of acetaminophen, give a one sentence recommendation that you would

share with the attending E.R. physician.

Question 2.
For the assigned paper on acetaminophen overdose, provide two factors that might Have contributed to the negative outcome

(death) of G.M.

Question 3.
Briefly discuss two specific epidemiological findings about acetaminophen poisoning and identify how you as a community

pharmacist will incorporate these findings into a prevention educational program.

ASPIRIN
Question 4.

R.A. is a 5 year old boy who ingested approximately 20 adult strength aspirin tablets 2 hours ago. The patient has no signs of GI
distress, is clear and coherent, and besides the general feeling of being hot, has no physical complaints. Blood gases are PCO2 5 35
mm Hg (35-45); PO2 5 97 mm Hg (75-100). Blood pH is 7.25 (7.35-7.45). Life support has been established.

What treatment would you initiate to prevent further toxicity and to treat current manifestations of aspirin toxicity in R.A.?
A: Syrup of ipecac 15 ml followed by 6-8 ounces of water
B: Correct metabolic acidosis
C: Cool the patient by sponging with cold or tepid water
D: All of the above
E: a and c

The following are metabolic effects of aspirin that would worsen the toxicity in R.A. EXCEPT:
A: Uncoupling of oxidative phosphorylation
B: Increased glucose demand
C: Direct effect on the respiratory center
D: Inhibition of Krebs cycle enzymes
E: Inhibition of amino acid metabolism

X.Y. a 10 y/o who has ingested 20 adult strength aspirin 13 hours ago and is presenting with nausea, mild hyperpnea and is
complaining of ringing in the ears. His blood gases are PCO25 15 mm Hg; PO2 5 85 mm Hg. Blood pH is 7.40. Based on X.Y.’s
presentation, and without knowing the blood salicylate levels for R.A.(above) and X.Y., can you predict the patient with the greatest
risk for developing serious CNS toxicity. Please discuss your answer.
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