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Objective. To compare student accuracy in measuring normal and high blood pressures using a sim-
ulator arm.
Methods. In this prospective, single-blind, study involving third-year pharmacy students, simulator
arms were programmed with prespecified normal and high blood pressures. Students measured preset
normal and high diastolic and systolic blood pressure using a crossover design.
Results. One hundred sixteen students completed both blood pressure measurements. There was
a significant difference between the accuracy of high systolic blood pressure (HSBP) measurement
and normal systolic blood pressure (NSBP) measurement (mean HSBP difference 8.46 10.9 mmHg vs
NSBP 3.6 6 6.4 mmHg; p,0.001). However, there was no difference between the accuracy of high
diastolic blood pressure (HDBP) measurement and normal diastolic blood pressure (NDBP) mea-
surement (mean HDBP difference 6.8 6 9.6 mmHg vs. mean NDBP difference 4.6 6 4.5 mmHg;
p50.089).
Conclusions. Pharmacy students may need additional instruction and experience with taking high
blood pressure measurements to ensure they are able to accurately assess this important vital sign.
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INTRODUCTION
Cardiovascular disease remains the leading cause of

mortality in the United States.1 Approximately 68 million
Americans have hypertension, and the prevalence of this
condition is increasing.2 In several published studies,
pharmacists have been shown to improve care for patients
with cardiovascular disease, notably patients with hyper-
tension.3-7 In order to prepare students for clinical practice,
colleges and schools of pharmacy are tasked with teaching
about the management of hypertension as well as fos-
tering the skill of blood pressure assessment.

One way of helping students to achieve this skill set
is through patient simulation, a teaching approach that is
being used by medical and nursing schools but has yet to
be widely used by many colleges and schools of phar-
macy. Additionally, the Accrediting Council for Pharmacy
Education supports the use of active learning, such as sim-
ulation (Guideline 11.2).8

Although several reports of simulation in pharmacy
education have been published, reports on the use of
patient simulation are limited.9-13 Simulation-based learn-
ing was used to teach blood-pressure measurement to doc-
tor of pharmacy (PharmD) students.14 The investigators
assessed student knowledge and attitudes before and af-
ter they participated in classroom lectures and practical
sessions using a high-fidelity computerized patient simu-
lator and found significant improvement in clinical skills
performance and knowledge of hypertension pharmaco-
therapy as well as high levels of satisfaction with this
type of learning experience. However, accuracy of stu-
dent blood-pressure measurements was not reported.

The aim of this study was to expand on this pre-
vious investigation. One of the challenges with tradi-
tional methods of blood pressure training programs is
the inability to objectively verify the accuracy of each
reading. Options include instructors taking a consecu-
tive blood pressure after the student’s measurement or
using training stethoscopes with dual headpieces. Patient
simulation provides a precisely controlled environment
wherein the simulator’s blood pressure reading can be
adjusted and set to exact numbers. Prior to this study,
pharmacy students have been assessing blood pressure
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measurements on healthy adults who are normotensive.
Students do not gain much practice assessing either ab-
normally low or high blood pressure measurements be-
fore they enter their introductory or advanced pharmacy
practice experiences (IPPEs or APPEs). The objective of
this project was to compare student accuracy of only
normal and high blood pressure measurements using a
simulator arm.

METHODS
This study was designed as a prospective, single-

blind, crossover study. Third-year pharmacy students who
were enrolled in a required laboratory-based advanced
pharmacy practice and skills course had the opportunity
to participate in the study. All students were required to
complete the activity as part of the course and were given
credit for participation; however, students were not pe-
nalized for inaccurate blood pressure measurements. Par-
ticipation in the study was voluntary, and students had
the option to decide whether their data would be in-
cluded. Informed consent was obtained, and the study
was approved by the Drake University Institutional Re-
view Board for the Protection of Human Subjects.

All students received the same baseline training in
standard blood pressure assessment in an earlier part of
the course series during their first and second years.
Students were previously taught appropriate techniques
for blood pressure measurement using the arm of a live
subject (ie, a fellow student). They had been given op-
portunities to practice on their peers approximately 15
times in the previous 2 years and had been tested on their
technique 4 times prior to the study. In this study, the
students assessed blood pressure on simulator arms
(Laerdal Medical Corporation, Stavanger, Norway), in
which systolic and diastolic number, heart rate, and vol-
ume settings were preset using an external control panel.

All study participants had the opportunity to prac-
tice taking blood pressure measurements with the simu-
lator arms during a laboratory session a month before
the study took place. Study investigators calibrated each
simulator arm at the beginning of the day according to
the manufacturer’s recommendations. To determine if
the simulator arms were performing properly, the study
investigators also verified that each simulator arm had
accurate readings after it was calibrated as well as at
random times throughout the data collection period. Stu-
dents were randomly divided into 2 groups in each of
the 5 laboratory sections. Group 1 was assigned a pre-
specified normal blood pressure measurement, and group
2 was assigned a prespecified elevated blood pressure
(Table 1). Students were blinded to the group to which
they were assigned. Investigators were not blinded and

alternated randomly between 2 pre-specified blood pres-
sure settings (setting 1 and setting 2) within the assigned
group in an effort to minimize potential student commu-
nication about blood pressure settings. Volume was set to
the highest setting. The faculty investigators, with the
assistance of 4 fourth-year PharmD candidates, conducted
the testing and managed data collection. The accuracy of
both groups’ blood pressure readings was recorded by
keeping track of the difference between the student-
measured reading and the prespecified simulator arm
setting. Additionally, the number of attempts needed to
assess the blood pressure by the student was recorded.
One week later, the students were asked to repeat the blood
pressure readings. Students from group 1 were crossed
over to the prespecified elevated blood pressure mea-
surements, and students from group 2 were crossed over
to the prespecified normal blood pressure readings.

The primary outcome was students’ accuracy in
measuring blood pressure. Accuracy was assessed by de-
termining the difference between the student-measured
reading and the prespecified simulator arm setting. Blood
pressure measurements obtained from students in group 1
were compared with those obtained from group 2. A sec-
ondary outcome included the number of attempts needed
to assess the blood pressure. Statistical analysis was con-
ducted using SPSS, version 19 (SPSS, Inc, Chicago, IL).
All student data were de-identified. Basic descriptive
statistics, includingmeans and standard deviations, were
calculated. Comparisons of continuous variables were
carried out using Wilcoxon matched pairs signed-rank
test. Pearson’s correlation was used to evaluate associa-
tions between the number of attempts and the accuracy
of the blood pressuremeasurement. All significance tests
were 2-sided and significance was set at p,0.05. The
null hypothesis was that there would be no difference
between groups 1 and 2 in the accuracy of blood pressure
readings by pharmacy students.

RESULTS
One hundred twenty students (100% of class en-

rollment) in an advanced pharmacy practice and skills

Table 1. Blood Pressure Configurations in a Study of
Pharmacy Students’ Ability to Measure High and Normal
Blood Pressure Using a Simulated Arm

Type of

Normal
Blood Pressure

High
Blood Pressure

Measurement Setting 1 Setting 2 Setting 1 Setting 2

Systolic (mmHg) 120 110 180 190
Diastolic (mmHg) 68 72 100 90
Pulse (bpm) 80 80 80 80

Abbreviation: bpm5beats per minute
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course consented to participate in the study. Although all
students in the class agreed to participate in the study,
data from only 116 students were included. Data from
students who were unable to report 1 or more blood
pressure measurements from the simulator arm (n53)
were excluded from analysis. Data were also excluded
for 1 student who was erroneously assessed on normal
blood pressure readings twice instead of being assessed
on both normal and high blood pressure readings.

The mean high systolic blood pressure (HSBP) mea-
surement difference was 8.4 6 10.9 mmHg, and the
mean normal systolic blood pressure (NSBP) measure-
ment difference was 3.6 6 6.4 mmHg. The mean high
diastolic blood pressure (HDBP) measurement differ-
ence was 6.8 6 9.6 mmHg, and the mean normal dia-
stolic blood pressure (NDBP) measurement difference
was 4.6 6 4.5 mmHg. With respect to the number of
attempts to assess the blood pressure, the mean for the
high categorywas 1.96 0.9, and themean for the normal
category was 1.8 6 1.2. The distributions of the blood
pressure measurements were tested for normality and
did not pass; therefore, nonparametric tests were used.
A Wilcoxon matched pairs signed-rank test was per-
formed to examine the difference between the paired
groups. There was a significant difference between the
accuracy of the HSBP measurement compared with the
NSBP measurement (p,0.001). However, there was not
a significant difference in the accuracy of HDBP com-
pared with that of the NDBP measurement (p50.089).
There was a significant correlation between the number
of high and normal attempts (r50.308; p50.001), but
there were no significant correlations between the num-
ber of attempts and the degree of inaccuracy of the blood
pressure measurements.

DISCUSSION
Previous research has shown that using patient sim-

ulation as part of the pharmacy curriculum is an innova-
tive strategy for promoting exposure to real-life situations
in a nonthreatening environment. Faculty members are
able to give students repetition in practicing skills and
allow students to gain exposure to a variety of situations
that may require unique approaches.10,13-15

Seybert and Barton studied simulation-based learn-
ing in pharmacy students by assessing accuracy of blood
pressure measurement and student satisfaction.14 They
found that student accuracy increased after each practice
session, and there was agreement that patient simulation
of blood pressure monitoring would increase student
ability to perform a blood pressure assessment on a pa-
tient. However, this study did not specify the blood pres-
sure ranges used to assess the students’ technique.

Another study used a crossover design to compare
blood pressure measurements using a live subject and a
simulator arm.15 Lee and colleagues found that students
had more difficulty obtaining an accurate systolic blood
pressure compared with an accurate diastolic blood pres-
sure, a finding similar to that of the current study. In the
Lee study, students were more likely to obtain an accu-
rate systolic blood pressure on the simulator arm compared
with the arm of a living subject. This finding differed from
our study, which investigated measurements only on sim-
ulator arms. Lee and colleagues’ finding may be a result
of students attempting to release the air valve at a steady
rate while simultaneously listening for the first Korotkoff
sound. Another potential error in measuring systolic blood
pressure could be related to difficulty estimating the sys-
tolic pressure by radial pulse palpation. This finding is
important because the magnitude of inaccurate HSBP
measurements could potentially be even larger in a hu-
man patient than in the simulator arms used in our study.
Although students in Lee’s study felt more confident re-
garding the accuracy of a blood pressure reading in a
simulator arm (94.9%) than in a human arm (5.1%),
they seemed to prefer learning how to check a blood
pressure on a human arm (54.1%) compared with a sim-
ulator arm (45.9%). Our study did not measure student
preferences, but this could be an area to explore in the
future.

Our results showed that students who had diffi-
culty accurately measuring HSBP also had difficulty
measuring NSBP. There was a correlation between the
number of blood pressure attempts in each group. This
finding supports the need for further student practice
sessions focused on determining the systolic pressure
whether the blood pressure is abnormal or not. Simulator
arms would be excellent tools to add practice sessions,
considering that real patients or classmates cannot com-
fortably have their blood pressure repeatedly checked in
a laboratory setting. Additionally, simulator arms pro-
vide an excellent opportunity for students to gain pro-
ficiency with assessing blood pressure extremes.

As in the Lee study, many students commented that
they felt uncomfortable using the simulator arms.15

Aside from this experience, exposure to simulation in
the PharmD curriculum is limited to a 2-hour interpro-
fessional patient case at the local medical school, which
occurs during the third year. While a few students may
have completed their patient case at the time of this
study, the blood pressure exercise required students to
physically touch the mannequin, which differs from the
exercise in the interprofessional case. Although students
were given time in laboratory for orientation to the simu-
lator arms prior to the start of the study, there may have
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been students who did not take advantage of the oppor-
tunity. Lack of familiarity with using the mannequin
could have resulted in some of the inaccurate readings.

Students are expected to check patient blood pres-
sures as a part of IPPEs at Drake. Faculty members have
aimed to increase student comfort and competency with
this skill by creating a 4-minute video that outlines the
steps in performing a blood pressure assessment. Students
also practice taking their peers’ vital signs in laboratory
sessions and must demonstrate their ability to assess
blood pressure as part of the laboratory practical in their
first and second years. Although blood pressure tech-
nique is emphasized in the first 2 years, third-year stu-
dents have limited exposure to evaluating blood pressure
in laboratory and lecture. While it is important for stu-
dents to continue having the opportunity to practice blood
pressure on human arms, simulator arms provide a unique
opportunity for students to practice measuring abnor-
mally low or high blood pressures. This opportunity should
not only improve student confidence in their technique
but also prepare them to evaluate results of the measure-
ment and make an appropriate treatment plan based on
the case. The results of this study will help direct the
efforts of faculty members to improve student blood pres-
sure assessment, particularly if the blood pressure is
abnormal.

There are several limitations to the study design that
may affect the generalizability of the results to student
blood pressure assessment in practice. Students were ed-
ucated on the crossover design of the study as part of
informed consent, which might have led to bias in blood
pressure assessment. If students had recalled from the
study description that they would be assessing blood
pressures that were both normal and high, they might
have been able to anticipate the general range of blood
pressure simulation during the second session. For in-
stance, students measuring a high blood pressure during
the first laboratory time could have guessed that the next
round would be normal (or vice versa). Considering that
the 2 laboratory sessions were only a week apart, students
were unlikely to forget the general scenario of the blood
pressure simulation, potentially leading to an artificially
inflated accuracy in blood pressure assessment. Although
students also might have discussed the specific blood
pressure reading with their peers in other laboratory sec-
tions, the investigators did not feel that this was a sig-
nificant issue, considering that the students were graded
solely on participation and not on the accuracy of their
measurements. Additionally, investigators periodically
alternated between 2 different prespecified readings
for both the normal and high blood pressure treatment
arms, thereby reducing the chances that interstudent

communication regarding results would produce read-
ings that were more accurate than they would have been
without such communication.

Because the blood pressure simulator arms cannot
mimic true interpatient variability in the brachial artery,
students experienced challenges with palpating to find
the location. The current study eliminated the variable of
palpating to find the location, which could have resulted
in an overrepresentation of student ability to assess blood
pressures in clinical practice. However, some students had
difficulties with measurements on the simulator arms even
though the location for placing the bell of the stethoscope
was distinctly marked. In fact, 3 students were unable to
assess simulator arm blood pressures during at least 1 of
their sessions.

Because simulator arms were programmed for the
loudest volume setting, the Korotkoff sounds that stu-
dents heard were likely more pronounced than they would
be with blood pressure assessments for many patients.
With the stethoscope placed in the appropriate location
on the simulator arm, the main variable encountered
for blood pressure assessment was a consistent sphyg-
momanometer pressure release rate at approximately 2
millimeters of mercury per second. Considering that the
ability to hear Korotkoff sounds was controlled for in the
study design, more error may be experienced in clinical
practice.

Studentswere allowed asmany attempts and asmuch
time as they needed in order to assess blood pressures.
This construct cannot be generalized to assessing blood
pressure in live patients because of variables such as the
patient’s arm comfort from multiple attempts, the pa-
tient’s allocated time for blood pressure assessment, and
the clinician’s other responsibilities.While the mean num-
ber of attempts was only 2, students who made more at-
tempts may not have as many chances to obtain accurate
results in a true patient setting. An additional variable that
could not be accounted for was the variability of the stu-
dents’ IPPEs in the curriculum. Some students may have
had more practical experience taking blood pressure as-
sessments than others. Finally, because practice time on
the simulator arms was not mandatory, some students
may have practiced more and become more comfortable
with the process than others. These issues should not im-
pact the results, however, given that a crossover design
was used in which students served as their own controls.

CONCLUSIONS
Students’ accuracy in measuring HSBP was signifi-

cantly different (p,0.001) than in measuring NSBP using
the simulator arm, but their accuracy in measuring HDBP
was not significantly different (p , 0.089) from that of
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NDBP using the simulator arm. Additional instruction
and experience with evaluating high blood pressure mea-
surements may be needed. Future studies could focus on
abnormal blood pressures (both hypertensive and hypo-
tensive patient scenarios) to confirm these findings.
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