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Abstract

The American College of Cardiology (ACC) and American Heart Association (AHA) revealed
common errors made by healthcare professionals when measuring blood pressure (BP) in adult
inpatients. These errors include using incorrectly sized cuffs, improper cuff placement, and
inappropriate patient positioning. Inconsistent cuff sizes and position lead to underestimated and
overestimated results, directly impacting patient care and outcomes. Additionally, the ACC/AHA
identified patient position and talking during assessments as factors that directly impact the
accuracy of the results. At Norton Healthcare facilities, a majority of BPs are obtained by patient
care associates (PCAs). The purpose of this quality improvement project was to implement an
educational program into the existing PCA training. The focus was on the recommended
techniques for measuring BP with automatic devices. The specific aims included (1) > 70%
participants will have >20% increase in knowledge scores from baseline, (2) self-efficacy scores
(confidence in ability to obtain BP based on recommendations) will be > 75% (on a 0-100 scale)
in > 80% of participants and (3) modifiable barriers to implementation will be identified. These
aims will improve patient outcomes and hypertension (HTN) management with more targeted
detection. An educational program was delivered to PCAs via an electronic learning module at
the Norton Learning Institute. Outcomes included knowledge from pre and post education and a
Likert-type survey measuring self-efficacy. Improving knowledge and self-efficacy of the
recommended techniques for obtaining BP ensures accuracy and more appropriate treatment for
patients.

Key words:

Healthcare providers, blood pressure, knowledge, self-efficacy; patient care, humans
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Evaluation of a Blood Pressure Education Program on Knowledge and Self-Efficacy in
Patient Care Associates
Hypertension (HTN) is one of the most prevalent medical conditions in the United States,
affecting 75 million Americans, or one in every three adults (CDC, 2016). The definition of HTN
depends on an individual’s age and if comorbidities are present (i.e., type 2 diabetes, chronic
renal disease). For adults less than 60 years old and those with diabetes and chronic kidney
disease, the recommended goal for systolic blood pressure (SBP) should be less than 140 mmHg
and diastolic pressure less than (DBP) 90 mmHg (Reboussin et al., 2017). In adults greater than
60 years old, the recommended goal should be less than 150/90 mmHG. A flow chart defining
HTN based on age and comorbidities can be found in Appendix 1, JINC 8 Hypertension
Guideline Algorithm. Since the management and diagnosis of HTN is directly related to
accuracy of BP, it follows that accurate BP measurements are essential for appropriate treatment
(Smith, 2005). The most common skill performed by healthcare professionals is the
measurement of BP. However, methods used to obtain an accurate BP vary widely leading to
errors that affect accuracy (Handler, 2009). Improper provider techniques lead to under or
overestimation of BP which occurs in approximately 30% of patients (Bhatt et al., 2016). The
AHA/ACC identified that healthcare professionals commonly make similar errors while
measuring BP. Some of the most common errors are the use of incorrectly sized
sphygmomanometer cuffs, improper cuff placement, and patient-related factors (i.e., patient
position, arm position, and talking while BP is being measured) (Reboussin et al., 2017).
A systematic review by Gaynor, Wright, & Vondracek (2018) investigated 250 patient

charts and determined that 573 as needed (PRN) doses of antihypertensive medications were

administered during the 250 patients’ hospital stays. At least 50% of the patients who were
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hospitalized had previously been diagnosed with HTN. Most often, antihypertensive
medications are ordered to be administered based on the SBP. For example, physicians’ orders
may indicate antihypertensive medication be given if SBP is greater than 160 mmHg (Weder &
Erickson, 2010). Therefore, the decision to administer or withhold doses of antihypertensive
medications depends directly on the patient’s assessed BP. This emphasizes that the accuracy of
the BP measurement is imperative when assessing and providing care to the hypertensive patient.

The American Heart Association and American College of Cardiology (AHA/ACC) have
published guidelines and techniques for accurately measuring BP. The appropriate size blood
pressure cuff can be determined by using the 80/40 rule (Reboussin et al., 2017). The bladder of
the cuff should encircle the patient’s upper arm by 80% and the cuff bladder width should be
40% of the arm circumference. Assessment of BP should be obtained from the patient’s upper
arm when medically feasible. The cuff should be placed directly on the skin and should not be
placed over the patient’s clothing. The patient should be positioned with both feet on the floor,
with the back supported, and arm resting at chest level. Lastly, the patient should remain quiet
while the measurement is obtained. Adherence to these guidelines will increase accuracy and
ensure early detection of patients with HTN and reduce the misdiagnosis in those without true
HTN (Reboussin et al., 2017).

The first factor affecting accurate BP measurements is the proper cuff size. BP was
underestimated by 3-5 mmHg in men and 1-3 mmHg in women when larger than recommended
sphygmomanometer cuffs were used. Also, SBP and DBP were overestimated by 2-6 mmHg in
men and 3-4 mmHg in women when cuffs smaller than recommended were used (Sprafka et al.,
2015). Another study by Handler (2009) identified that using a cuff that is too small causes an

increased measurement of 2 and 8 mmHg in SBP and DBP, respectively. Use of correctly sized
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cuffs has a sensitivity of .87 and a specificity of .85 (Irving et al., 2016), compared to .73
sensitivity and .76 specificity when incorrectly sized cuffs are used (Irving, et al., 2016). Using
the correct size BP cuff can more accurately identify patients with HTN.

Cuff placement is also a factor in accuracy of BP measurement. In a randomized
crossover study, Watson et al. (2011) found significantly higher SBP and DBP when measured at
the forearm compared to upper arm. SBPs assessed on the forearm averaged 3.6 mmHg higher
than SBPs on the upper arm (Handler, 2019). The DBP was 2.1 mmHg higher when compared as
well. Conversely, upper arm BP measurements were higher than wrist BPs. It is recommended
that cuffs should be placed directly on the arm, over the brachial artery, directly on the patient’s
skin and not over clothing (Reboussin et. al, 2017). Cuffs that are placed on top of clothing are
assessed inaccurately with a 5-50 mmHg elevation in SBP (Handler, 2009). Treating blood
pressure based on inaccurate results can cause unnecessary pharmacotherapy and potentially
adverse effects.

Reboussin et.al. (2017) recommended that the most accurate BP is obtained when a
patient is positioned with the back supported, both feet on the floor, and with the arm resting
level to the chest. Handler (2019) identified 5-10 mmHg difference in SBP when the back was
unsupported. When BP was measured with the patient’s legs crossed at the knee, SBP
assessment increased by an average of 6.7 mmHg (Adivaman et al., 2007). When a patient’s arm
was below or above the chest level, there was aa 1-7 mmHg difference in SBP and a 5-11
difference in DBP (Handler, 2009). If the arm was hanging at the patient’s side, SBP increased
by 6-10 mmHg (Handler, 2009).

The ACC acknowledges that without properly trained healthcare professionals, early

detection of HTN would be subpar. Therefore, inadequate training of healthcare professionals
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has the potential to result in inaccurate diagnosis and management of HTN (Reboussin et al.,
2017). Inaccurate BP readings could potentially lead to the misdiagnoses of 20 million
Americans with pre-HTN when the diagnosis of HTN is truly present, also known as masked
HTN (Handler, 2009). A meta-analysis revealed the prevalence of masked HTN averaged
16.85% (Verberk, Kessels, and Leeuw, (2008). In contrast, patients could be diagnosed based on
false positive BP assessments with unnecessary treatments rendered (Handler, 2009).

Inaccurate BP measurements can result in detrimental consequences for the patient and
negative sequelae for the healthcare system. False HTN diagnoses could pose serious health risks
for the patients such as inappropriate use of prescription medications that result in syncope, falls,
and unnecessary hospital admissions (Handler, 2009). Patients could experience increased length
of hospital stays, increasing the financial burden of medical costs in the United States (Reboussin
et al., 2017). The same is true for underestimating BP. Left untreated, HTN may result in health-
related conditions such as stroke, cardiovascular disease, myocardial infarction, and renal failure
(CDC, 2018). The development of these conditions secondary to HTN not only increases
medical expenses for health-related services and medications but places patients at risk for

morbidity and mortality (Reboussin et al., 2017).

Theoretical Framework
The conceptual model chosen was designed to simplify the process for implementing
evidence into practice. Pronovost, Berneholtz, and Needham (2008) developed the conceptual
model of interest entitled Translating Evidence into Practice: A Model for Large Scale
Knowledge Translation. The model consists of phases which can be used to assist with
implementing evidence into practice. The first 3 components of the model are (1) evidence, (2)

identifying barriers to implementation, and (3) measuring performance. These components
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summarize the process by which literature for this project was evaluated. The problem was
identified and the need for a process change originated. The fourth phase is the implementation
phase which can be further broken down into the “four Es” (engage, educate, execute, and
evaluate). This part of the model was utilized during the intervention, implementation, and
dissemination of the project.

First, the PCAs were engaged by sharing baseline data of the problem with real life
scenarios to gain their attention. Next, the educational intervention was conducted with all PCAs
in the course. The execution phase focused on implementing the education into practice. Each
PCA was given directions for accessing the online education. Finally, an evaluation of the
education and implementation was conducted. This phase offered information about the barriers
to implementation which will serve for future planning (Pronovost, Berneholtz, and Needham,
2018).

Setting and Organizational Assessment

PCAs obtain a majority of the BP measurements in the Norton clinical setting. The
project took place biweekly at Norton Learning Institute. A total of 45 new hire PCAs were
included in the education training. Inclusion criteria those 18 years or older, newly hired, without
nursing assistant certification, and those working on units with the expectation of BP assessment
competency.

The project was submitted to and approved by the University of Louisville Institutional
Review Board (IRB). In addition, Norton Healthcare requirements were fulfilled including
completion of the agency’s research application and approval process which granted full
approval from the leadership team.

Purpose
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The purpose of this quality improvement project was to implement and evaluate an
education intervention into the existing PCA training. The focus was on the recommended
techniques for measuring BP with automatic devices. The specific aims included (1) > 70%
participants will have > 20% increase in knowledge scores from baseline. (2) Self-efficacy
scores (confidence in ability to obtain BP based on recommendations) will be > 75% (on a 0-100
scale) in > 80% of participants and (3) modifiable barriers to implementation will be identified.
Over time, this educational intervention would lead to improved patient outcomes by improving
HTN management with more targeted detection.

Intervention

An educational intervention was delivered to 45 newly hired PCAs. This intervention was
delivered via an Electronic Learning module by Elsevier. The module is entitled “Measuring
Blood Pressure” and is based on the recommendations of AHA/ACC. Learning objectives
included education regarding the appropriate cuff size, cuff placement, and patient influences
including patient position, arm position, and talking while measuring BP.

Data Collection

Signed consent was waived for this education evaluation. No patient information was
collected during this project. However, a HIPAA education course was completed at the
beginning of the project to ensure understanding of the privacy act. Participant data were de-
identified for testing, surveys, and manuscripts. The participants remained confidential by using
a coding system with identification numbers. Additionally, completion of the knowledge tests
did not require their name or employee identification number. Surveys were sent by emailing a
URL to each participant six weeks after the education was completed. The employee

identificationnumbers were stored on a personal computer that was virus protected and double
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password protected. The password and computer were not assessable by any other individuals
except the evaluator.
Measurement

The outcomes measured included PCA knowledge and self-efficacy of AHA/ACC
techniques for measuring BP. Knowledge was assessed with a 10-question multiple choice test,
immediately pre- and post-intervention. The questions on the test were created based on the
objectives and content from the Elsevier learning module Measuring Blood Pressure. Each
question was worth 10 percentage points for a total of 100% percentage correct (Appendix 3,
Knowledge Assessment Test Questions) After the intervention, the same group received a
similar test on the same content.

Self-efficacy was measured 6 weeks after the intervention with a 4-point Likert survey.
The survey consisted of 10 questions based on level of confidence the PCA has, how often they
are able take BP according to the education, as well as items that assessed barriers to
implementation of the techniques into practice (Appendix 4, Self-Efficacy Questions). The
Likert survey is not an established tool, so the survey results were reported with descriptive
statistics.

Knowledge was assessed using a pre-and post-intervention assessment created from the
learning objectives and content from Elsevier. A paired t-test was used to compare mean pre- and
post-intervention knowledge scores. Significance was set at a p value of .05 throughout the
analyses. Demographics of participants were obtained prior to completing the pre-test.
Demographic variables included the participant’s age, previous experience, highest level of

education, and patient population (i.e., adult vs. pediatrics). These variables were reported
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descriptively. The data analysis plan involved using a data software site called Social Science
Statistics, along with creating a data file for variables and development of a codebook.
Results

The participants’ median age was 23 years old. When analyzing the highest level of
education attained for the participants and previous work history, 60% of them had previous
experience working in healthcare. Of the 45 participants, 93% reported having some college
education or a previous degree. Eleven had obtained a college degree, 31 had completed some
college and 3 had only a high school diploma. Forty participants reported adults as their primary
patient population.
Knowledge

There was a 20% increase of knowledge scores in 73% of participants; the average total
correct answers on pre-test scores were approximately 74% correct and 88% total correct after
the intervention (¢ = 6.91, p <.00001). The most frequent incorrect answer on the pre- and post-
knowledge tests was related to the identification of the factors which affect blood pressure
accuracy. During the pre-test, only 4 participants were able to identify all of the factors
compared to 31 who answered correctly after the educational intervention.
Self-Efficacy

Six weeks after the intervention was completed, 14 of the 46 self-efficacy surveys were
returned. Of those who returned surveys, 92.8% reported a high level of self-efficacy (i.e.,
confidence in measuring BP based on previously taught recommendations). Furthermore, 92.7%
felt confident that they could determine the correct size cuff for the patient, measure with the

cuff on the upper arm, and with the patient in correct position. However, when asked how often
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participants were able to measure blood pressure in accordance with recommendations, only
78.5% of participants were able to do so consistently.
Barriers

When participants were asked what hindered them from being able to measure blood
pressure appropriately, 42.8% reported it was related to the instability of the patient. Moreover,
28.5% reported that the recommended cuff size for the patient was not readily available, 14.2%
reported it was due to limb restrictions and 14.2% due to staffing constraints.
Interpretation

From the results it can be inferred that the educational intervention increases knowledge
scores. Barriers for implementing into practice were attributed to both modifiable and
nonmodifiable factors. The stability of the patient was largest barrier for implementation. This
could be attributed to the responsibility of the nurses on the specific units. For instance, hospital
protocols require nurses to obtain blood pressure for certain tasks performed and if assessment is
being made. Nurses are solely responsible for obtaining blood pressure measurements before
blood transfusions, 15 minutes after it has begun, and immediately after transfusions have
completed to assess for blood transfusion reactions. Another intervention such as giving an
intravenous fluid bolus requires a nurse to assess blood pressure to determine if the intervention
was effective. Additionally, in units where patients are more acutely ill, the registered nurse may
be required to measure blood pressure along with the PCA at specific times during of the day.
The task of obtaining blood pressure in these units are a shared task with both members of the
care team. Future research could be conducted to assess how increasing the frequency of

measuring blood pressure would affect the stability of the inpatients.
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Though the stability of a patient is a difficult barrier to control, the cuff size availability is
one modifiable barrier. To reduce the discrepancies in blood pressure results related to inaccurate
cuff size, units must have all sizes of cuffs readily available. This is clinically significant as
medications are ordered to be administered based on patient’s SBP (Weder & Erickson, 2010).
Consequently, using incorrectly sized sphygmomanometer cuffs may result in mismanagement
of hypertension by inaccurate results.

Limb restrictions due to previous mastectomy, trauma to the extremity, or dialysis fistula
can hinder assessment of BP. There are instances where both limbs may be restricted. This can
occur if an intravenous line occupies one arm and the other may be restricted due to a medical
contraindication. In these cases, the PCAs use the lower leg which can lead to discrepancies in
SBP. Additional research is needed to determine if incorporating lower extremity BP assessment
into educational modules would reduce errors in this patient population.

Finally, staffing constraints were reported by 14.8% of participants. This could have been
largely attributed to the COVID-19 pandemic during which employees were furloughed.
However, additional research is needed to determine if inadequate staffing contributes to under
or overreporting of abnormal BP assessments . Hiring and interviewing processes were limited
during this program evaluation as agencies were shifting in person training and interviews to
virtual processes.

Limitations

There was one participant among the 45 who was determined to be an outlier. This
participant consistently selected the first answer in the survey. Additionally, the duration of time
spent to complete the survey was significantly less than the other participants. Other limitations

include a smaller than expected return on the self-efficacy surveys. This limitation could be
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related to time and staffing constraints during the COVID-19 pandemic. However, 92% reported
very high level of self-efficacy and confidence in measuring blood pressure according to
previously taught recommendations.
Conclusion

Errors made when measuring blood pressure are preventable and have serious
consequences. These consequences directly impact patient outcomes and increase the financial
burden of healthcare costs. The AHA/ACC stated that without properly trained healthcare
professionals, early detection of HTN would not be attainable. Optimistically, this educational
intervention improved the knowledge of BP assessment by PCAs. Barriers to implementation
were identified which will be used for future planning. Molding this educational intervention into
the current training would allow improved patient outcomes and reduce unnecessary healthcare
costs. Further research is necessary to incorporate these AHA/ACA recommendations in the

outpatient setting.
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Appendix A

JNC 8 Hypertension Guideline Algorithm

INC 8 Hypertension Guideline Algorithm

Initial Drugs of Cheice for Hypertension
= ACE inhibitar [ACEI)

= Angiotensin receptor blacker (ARE)

* Thiazid e diuretic

General Population * Calcium channe| blo cker (CCH

e disbetesor ckp) gy Diabetes o 0D present

Adult aged 2 18 years with HTN
Implement lifestyle modifications

Set BP goal, initiate BP-lowening medication based on algorithm

Strategy Description

Age =60 years Age < 60years Al Ages Al Ages and Races A Start ane drug, titrate to makimum
Diabetes present CKD present with or dose, and then add asecand drug.
Mo CKD without diabetes
B Start one drug, then add asecond
drug before achieving max dose of
first
C Begin 2drugs at sametime, as
separate pills or combination pill.
nonbladk L Black Initiate ACE of ARE, Initial combination therapy is
alone or combo recommended if BP is greater than
w/ another dass 20/10mm Hg abave goal
Initiate thiazide, ACEl, ARE, Initiate thiazide or CCB,
‘ or CCB, alone or in combo alone or combo

Lifestyle changes:
= Smoking Cessation
* Controlblood glucose and lipids

| At blood pressure goal?

s ho

5 = Diet
Reinforce lifestyle and adherence “Eat healthy (i.e., DASH diet)
Titrat dications to i 4 or consider adding another medication (ACE, ARB, CCB, Thiazide) +Moderate alcohel consumption
[ +Reduce sodium irtake to no
At blood pressure goal? ves 1 marethan 2,400 mgf day
* Physical activity
b e

M oderate-to-vigorous activity
3-4 days a week averaging40
min per session.

Reinf orce lifestyle and adherence
Add a medication dass not already selected [ie. beta blocker, aldosterone antagonist, others)and titrate
above medications to max [see backof card)

| Yed il
At blood pr goal? I 2 Continue b and monitoring

I ne

Reinforce lifestyle and adherence
Titrate meds to maximum doses, add another med and/orrefer to lypertension spedialist

Pefumnce: fames P2, ORI £ e al. 2014 evidence based guideline for the mamgeme
of high bibod pressure inadubs: (JNCE) BAMA 200 4 Feh 5;H45)507. 20

cand deveb pad by Coke Glenn, Prarm 0. & fames L Taykor, a0

Appendix B
Knowledge Assessment Test Questions

1. What is considered a normal blood pressure for an adult?
160/90
150/90
170/90
115/70

oCawy»

2. Which is the best location for the most accurate blood pressure measurement in an adult
patient?
A. Forearm
B. Lower leg
C. Upper arm
D. Cuff position doesn’t affect results

3. How can you ensure proper BP cuff size selection for the upper extremity?
A. Use the smallest cuff possible.
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B. Make sure the cuff wraps around the arm just once.
C. Make sure the cuff width spreads from the antecubital space to the axilla.
D. Measure the arm circumference.

. Which limb is the most appropriate for blood pressure measurement?
A. Left arm with multiple tattoos

B. Right arm with IV site and fluids running

C. Left arm on patient with a history of a left mastectomy

D. Right arm with a crush injury to the right hand

. Which is the best position for a patient to be in when checking blood pressure?
A. Cuff on lower arm, sitting with feet crossed, arm hanging down by side.

B. Cuff on upper arm, sitting with feet flat on floor, arm resting on lap.

C. Cuff on upper arm, sitting with feet flat on floor, arm level with chest.

D. Patient position doesn’t affect results

. How does blood pressure cuff size affect blood pressure results?

A. Studies show that using a cuff that is too small results in an overestimation of BP,
and using a cuff that is too large results in an underestimate of BP.

B. Studies show that using a cuff that is too small results in an underestimate of BP,
and using a cuff that is too large results in an overestimate of BP.

C. Studies show that the most accurate reading is obtained by selecting a cuff size based
on patient weight rather than arm circumference.

D. Studies showed no correlation between the size cuff selected and the results

. Which of the following impact blood pressure? Select all that apply:
Recent caffeine use

Full bladder

Recent tobacco use

Talking while measuring blood pressure

Obtaining blood pressure over clothing

monQwy

. When a blood pressure is found to be outside normal range what should the PCA do?

A. Recheck immediately

B. Chart the blood pressure immediately in medical record, perform hand hygiene, and
move to next patient

C. Inform nurse of result immediately, allow patient to rest before repeating.

D. Go on break and recheck in 30 minutes

The PCA has identified that the patient needs a cuff smaller than the adult small cuff that
is available on the unit. What is the correct action?
A. Use the smallest adult cuff size available on the upper arm
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B. Use the smallest adult cuff size available on the forearm
C. Obtain a small pediatric cuff for the patient
D. Obtain a large pediatric cuff for the patient

10. One factor that does NOT affect blood pressure accuracy is.
Drinking coffee 10 minutes prior

Talking on cellphone with loved one

Recent ambulation around the unit

Watching television

oO0wy

Appendix C
Self-Efficacy Questions

1. How confident are you in choosing the correct blood pressure cuff size?
C Not confident at all

© Minimally confident
C Confident

C Extremely confident

2. How confident are you that you have the knowledge to accurately take an adult patient's blood
pressure?

C Not confident at all

© Minimally confident
© Confident

C Very confident

3. How helpful was the course to your understanding of measuring blood pressure?
© Not helpful at all

* Minimally helpful
Helpful

Very helpful

P
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4. In the last month, how often have you been able to measure blood pressure in accordance with
recommendations?

C Never

Rarely
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Usually
Always

5. How often are you able to measure blood pressure on the patient's upper arm with the
appropriate blood pressure cuff?

C Never

© Rarely
O Usually
© Always

6. How often are you able to measure blood pressure with the patient in the recommended
position?

O Never

C Rarely
C Usually
C Always

7. I have the supplies readily available for me to accurately obtain blood pressure?
© Never

C Rarely
C Usually
C Always

8. What has hindered you the most from being able to measure blood pressure appropriately?
© Cuff size unavailable
C Limb restrictions
C Patient unstable

C Staffing constraints

9. How well did the course prepared you with the knowledge needed to understand why blood
pressure technique is important.

C Not at all
Minimally

C Good
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Significantly

10. How often do you plan to continue using the recommended techniques for measuring blood

pressure in the future?
© Never

C Rarely
C Usually
-~

Always
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