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Objective. To evaluate the competency of second-year pharmacy students to compound capsules from
a prescription 12 months after completing a compounding course.
Methods. Students who completed the compounding course were given the same prescription they had
been given 12 months earlier to compound metoprolol capsules. No warning of the second exercise was
given and they were expected to prepare capsules and package and label the finished product. Perfor-
mance was evaluated in an identical manner for both exercises based on the level of professional
competency of a score of 80% or above.
Results. Eighty-seven percent fewer students achieved a score of 90% or more on the second exercise
and 81% fewer students demonstrated the required competency.
Conclusions. Differences in scores on the first and second exercises indicate that pharmacy students’
level of competency and retention of knowledge with respect to compounding capsules is not ade-
quately retained after a 12-month hiatus.
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INTRODUCTION
Of 77,992 drug exposures reported in 2005 at a

regional poison control center in Omaha, 0.05% were
the result of pharmacy prescription errors. Of these,
50% were medication substitution errors, 42.5% were
labeling errors, and 7.5% were compounding errors con-
sisting of incorrect dilution or capsule preparation. Of
these compounding errors, 100% resulted in overdose,
67% of which involved a drug prescribed to children
and had the most serious outcomes of all pharmacy
errors.1 This same year, an incident in Texas involved
a 1000-fold overdose of clonidine given to a 5-year old
child.2 The serum concentration of clonidine 17 hours
post ingestion was 64ng/ml. The intoxication was traced
to a pharmacy compounding error in which milligrams
were substituted for micrograms.2

Flynn and colleagues conducted an observational
study of the accuracy of intravenous admixture com-
pounding, including total parenteral nutrition compound-
ing, at 5 different hospitals in 5 regions of the country
and rated in size from 400 to 815 beds. Errors were
defined as: use of an unauthorized drug, wrong dose,
wrong base solution and volume, omission of a compo-
nent, wrong delivery form, wrong reconstitution proce-

dure, and wrong technique of preparation. A total of 145
errors occurred out of 1679 parenteral doses prepared, for
a mean overall error rate of 9%.3

Compounding errors are an emerging and serious
problem particularly in the larger chain community phar-
macies where the workload is high and mistakes are more
likely to occur. With the employment of technicians in
pharmacies to physically compound medications, phar-
macists will need to take on a role that will require more
administrative and logistic support in supervising the fill-
ing of prescriptions.

Pharmacists hold a unique position as health profes-
sionals who are formally trained in compounding medi-
cations and licensed to dispense them. Consequently, they
are expected to possess the knowledge and skills neces-
sary to compound extemporaneous preparations. In the
last decade, the percentage of compounded prescriptions
represented approximately 11% of all prescriptions dis-
pensed, which is a tenfold increase in the percentage of
such prescriptions dispensed in the previous decade, a
trend that is likely to continue.4 The requirement for
individualized drug therapy for patients is being realized
and is resulting in a rise in patient-specific prescriptions
and the compounding of medications that are not com-
mercially available.5

The Food and Drug Administration (FDA) has shown
concern that compounded preparations are likely to be of
lower quality than manufactured medicinal products.6
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The general trend in academia (and within the PharmD
courses) has been to concentrate on the role of the
PharmD graduate towards clinical health care; however,
5 of the current 37 North American Pharmacist Licensure
Examination (NAPLEX) competency statements in the
Candidates Review Guide include the word ‘‘compound-
ing,’’7 which suggests this is an important competency
area for students to achieve before graduation.

The 2004 Center for the Advancement of Pharmaceu-
tical Education (CAPE) Outcomes recommends that
health care providers, including personnel in pharmaceu-
tical care, provide, assess, and coordinate safe, accurate,
and time-sensitive medication distribution and improve
therapeutic outcomes of medication use.8

The article ‘‘Application of USP-NF Standards to
Pharmacy Compounding’’ clearly states that if pharma-
cists prepare medications named in the United States
Pharmacopiea – National Formulary (USP-NF), these
preparations must meet USP-NF standards for strength,
quality, and purity, and this includes adherence to ingre-
dient standards and/or recipes provided in the compendia
for their preparation.9

Emphasis within the PharmD curriculum needs to be
placed on the extent of practical compounding taught and
also at what time within the 4-year PharmD program it
should be placed. Compounding laboratories need to be
an integral part of the first-year curriculum and span both
semesters to ensure better retention.1 This would lead to
a greater understanding by creating an opportunity to
enforce early learning which, as it stands, does not appear
to be effective if there is a 3-year hiatus.

Some colleges and schools devote 1 academic year to
compounding skills while others devote only 1 semester
in the first year of the PharmD program and that is the only
formal training provided. This lack of compounding
experience for a period of 3 years or more is sometimes
compensated for by students receiving additional training
related to compounding in their experiential programs
and postgraduation.

Based on these concerns, the objective of this study
was to determine whether students retain competency in
compounding a particular medication 1 year after suc-
cessfully completing the required compounding compo-
nent of a PharmD curriculum. Our hypothesis was that
students do not retain the required professional knowl-
edge and competency in compounding after 1 year
because they are not exposed to elements within this dis-
cipline throughout the pharmacy curriculum.

METHODS
Students from the compounding course were given

an exercise to prepare metoprolol capsules from a

prescription—the same laboratory exercise given to them
1 year earlier. All needed chemicals and equipment were
such that could be found in a college or school of phar-
macy compounding laboratory. Class III prescription bal-
ances (The Torsion Balance Co., Clifton, NJ), were used
for weighing. Metoprolol tartrate tablets, Lopressor, 50
mg (Novartis, Cambridge, Mass), clear gelatin capsules,
size 0, 1, and 2 (Eli Lilly & Co, Indianapolis, Ind) and
anhydrous lactose (Spectrum Chemicals, Gardena, Calif)
were provided. The project was approved by the Institu-
tional Review Board of Palm Beach Atlantic University
under the code of Federal Regulations 45 CFR 46.

During the previous year, while taking a 14-week
course entitled Pharmaceutical Care Laboratory, 62
students successfully completed a laboratory session
on metoprolol capsule preparation. One year later, 30
students from the compounding course, now in their
second-professional year, volunteered to participate in a
study involving a compounding exercise. The volunteers
had no knowledge of the purpose of the study. The exer-
cise was held during a free period and was not part of the
curriculum.

The students were given the same exercise on meto-
prolol capsule preparation and the same instructions they
had been given the previous year. During the allotted
90 minutes, the students were expected to translate a pre-
scription, prepare capsules as indicated, package and
label the finished preparation, and write a report. The
report should have included accurate calculations required
to produce the metoprolol capsules, the size of gelatin cap-
sule required, a description of the actual method of com-
pounding and weighing necessary, a description of the
finished product, a label and a suitable packaging process,
instructions to the patient, and any subjective comments
the student might think relevant. The prescription and pro-
cedure to be followed were the same as for the first exer-
cises except the time allowed for completing the second
exercise was 50% longer (90 minutes instead of 60
minutes) because the students were given no warning.
Also, the initial exercise had been preceded by a pre-labo-
ratory instructional period on capsule preparation, whereas
the second exercise was not.

The prescription contained the following relevant
information: ‘‘Rx. Metoprolol, 15 mg; Dtd Caps #4; Sig
1 cap BID.’’ A table comparing drug substance to capsule
size and capacity was provided as well as the following
written instructions: ‘‘You receive a prescription for
metoprolol capsules, 15 mg, #4. The commercial tablet
(Lopressor) contains 50 mg of metoprolol tartrate. You
are to prepare enough powder for 4 capsules using lactose
as an excipient and choose a suitable size capsule.’’
Students were then expected to adhere to the following
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general procedure, which also constituted the final report:
(1) calculate the number of metoprolol tartrate tablets
required and reduce to powder; (2) calculate and weigh
the lactose required; (3) choose a capsule size; (4) calcu-
late the amount of powdered tablet plus lactose for each
capsule to give a strength of 15 mg metoprolol and weigh
out; (5) fill and weigh capsules; and (6) dispense in the
appropriate container with a label. Students were given
access to textbooks in the laboratory library.

Evaluation of the final preparation and report was
conducted in a manner consistent with the first exercise.
The evaluation tool consisted of the finished preparation,
label, written compounding directions, and documented
calculations, each of which counted 20% of the overall
grade. A documented use of the drug contributed 4%,
prescription documentation contributed 6%, and the
remaining 10% was given for the completion of the report
and preparation within the time allotted. Points were
deducted for each error. The participants were familiar
with this documented format and the percentage of points
allotted for each section. The total scores from each
exercise were compared and analyzed. Statistics were
obtained using SigmaPlot 2000 software (Systat Software,
Inc., San Jose, Calif, 2000). The standard deviation,
standard error, and confidence intervals used to compare
exercises 1 and 2 have been included. Student t test was
used to determine whether the means were significantly
different.

RESULTS
The grades obtained in the original exercise and the

second exercise are shown in Figure 1. A minimum score
of 80% on the second exercise indicated that the student
had maintained competency. In the first exercise, 16 stu-
dents (53%) achieved a score of 90% or higher, while in
the second exercise, only 2 students (7%) achieved this
score, an 87% reduction. Furthermore, 11 students (36%)
achieved a score betweeen 80% - 89% in the first exercise,
while only 3 students (10%) achieved this score in the
second exercise, a reduction of 72%.

In both exercises, 2 students achieved a score between
70% - 79.5% (C grade). In the first exercise, no students
received a score between 60 % - 69.5 % (D grade),
whereas in the second exercise 10 students had scores in
this range, an increase of 33%. While only 1 student failed
exercise 1, 13 students failed exercise 2, an increase of
92% and an overall 43% failure rate in exercise 2.

Only 5 students (17%) demonstrated a competency
level of 80% in the second exercise, while 27 students
(90%) demonstrated this competency level during the
first exercise, an 82% reduction in the number of students
whose compounding skills were adequate.

The mean score was 89.0 6 10.5 for the first exercise
and 63.0 6 13.7 for the second exercise. Confidence lev-
els of 99% were 5.3 and 6.9 for the first and second exer-
cises, respectively. Student t test values were 8.2,
indicating a probability of less than 0.001, evidence of
a significant difference between the means.

Overall, during the second exercise, most of the errors
students made were in preparing an accurate dose for each
capsule. Since the drug source was a manufactured tablet,
41% of students neglected to take into account the excip-
ients within the commercial tablet formulation. Addition-
ally, 32% of students did not accurately assess the amount
of lactose to be added to each capsule, which resulted in an
incorrect quantity in each capsule and an unsatisfactory
final product.

DISCUSSION
The first capsule compounding laboratory exercise

was given during the second semester for P1 students as
part of a 12-week compounding course. The second
exercise was given approximately 1 year after completion
of that course. The students were, therefore, in the second
semester of their second year and none were on a practice
experience when the second exercise was conducted.

In a session completed during their compounding lab-
oratory course the year before, students had prepared 14
capsules containing 15 mg pseudoephedrine, 4 containing
200 mg ferrous sulfate, 5 containing 50 mg propranolol,
and 4 containing 81mg aspirin (from 325 mg aspirin tab-
lets). They also attended a pharmaceutical calculations
course that included instruction in capsule preparation.

Figure 1. Comparison of grades PharmD students received on
the same compounding assignment completed while taking
a compounding course (exercise 1) and after a 12-month
hiatus from compounding instructions (exercise 2).
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They were exposed to the use of excipients throughout
their pharmaceutics course in lectures and laboratories,
which included capsule compounding calculations.

This study cannot be completed again at this particu-
lar school of pharmacy because the element of surprise
would be lost, ie, students might attempt to prepare for the
exercise. Although the results of the study were not sur-
prising, the number of students who failed the second
exercise is of concern. Students’ comments made in an
open discussion held 1 week after participating in the
second exercise indicated that they found the exercise
was fair although unexpected. They thought that this
method of testing their retained knowledge was of value.
Calculations required to complete the prescription caused
difficulty and without the drug/capsule comparison
table for reference, some would have been unable to com-
plete the task. The table proved vital in helping students
remember the procedure they had completed a year ear-
lier. Once students had assessed the situation with refer-
ence to textbooks and tables, they were able to make
a reasonbable attempt at completing the exercise. It was
suggested that a similar exercise be conducted each year.
Although the element of surprise would be lost, the
exercise could still serve as an important measure of stu-
dents’ knowledge retention throughout the curriculum.
Such a procedure could be included in yearly assessment
examinations.

If our hypothesis is extrapolated from compounding
capsules to other compounding procedures a significant
number of pharmacy students do not retain the expected
and required level of professional competency in pharma-
ceutical compounding 1 year after their formal training.
Only 16.6% retained the required competency grade of
80% or above in the second exercise.

It must be stressed that this was a limited study car-
ried out by one institution and to extrapolate our results
may not be generally viable due to exceptions with indi-
vidual students and individual colleges and schools of
pharmacy. Nevertheless, it raises important questions
about how much and how often pharmacy students need
to be exposed to compounding exercises. A primary con-
cernbeing the hiatusofpractical compounding forat least 3
years before a pharmacy student becomes licensed to prac-
tice. Although students may receive additional compound-
ing experience through experiential and on-site training
after they graduate, it may be necessary to evaluate
whether the amount of training in the curriculum is appro-
priate to adequately train PharmD students in this most
basic, traditional, and exclusive skill. Inevitably a certain
amount of knowledge is lost over a period of time, but it
was not apparent that such a dramatic decrease in knowl-
edge would occur after only 12 months.

Based on our results, and assuming similar results
would be obtained in a large percentage of pharmacy
schools, curriculum schedules and course content should
be evaluated to ensure adequate competency in com-
pounding is maintained throughout the entire PharmD
curriculum. Emphasis on medicinal compounding would
ensure adequate training of pharmacy students and it may
be necessary in the future to include a compounding eval-
uation in each of the professional years at specific insti-
tutions. Alternatively the example already set by some
pharmacy schools could be followed by interjecting com-
pounding laboratories throughout the length of the pro-
fessional curriculum.

Based on our findings, colleges should consider
including instruction in compounding throughout the pro-
fessional curriculum or place it towards the later part of
the curriculum. This might cause problems with curricu-
lum management, but would be advantageous in closing
the time interval between the end of compounding labo-
ratories and the beginning of actual practice.

CONCLUSION
Significant differences in scores on a laboratory

exercise conducted 1 year after completing the same ex-
ercise as part of a compounding course suggest that phar-
macy students do not adequately retain compounding
knowledge and skills. Only 17% of the students were able
to score the required competency grade of 80% or above
when completing the second exercise in compounding
metoprolol capsules. The results suggest that the same
situation exists with respect to compounding other med-
ications; however, there is no empirical evidence of this.
Maintenance of a closer association with compounding
and required calculations throughout the professional
PharmD curriculum is recommended.
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