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AOBP Monitoring for Diagnosis of Hypertension

Hypertension (HTN) is a complex medical diagnosis that has the potential to cause target
organ damage, morbidity, and mortality. Approximately 95 percent of all HTN diagnoses are
labeled as primary, or essential, HTN and have no known cause (Buttaro, Trybulski, Bailey, &
Sandberg-Cook, 2017). According to the Centers for Disease Control (CDC) (2016), the total
associated costs for treatment of HTN in the United States reached $48.6 billion. Costs included
in this figure are healthcare services, medications, and missed days of work (CDC, 2016). The
economic impact combined with the nationwide morbidity and mortality resulting from HTN
warrants attention (CDC, 2016). White coat hypertension (WCHT) is a syndrome where the
patient’s blood pressure is elevated while in clinic but falls within guidelines when assessed
outside of the clinic (AHA, 2019). Of patients diagnosed with HTN, nearly 23 percent of cases
can be attributed to WCHT and lead to unnecessary treatment (Omboni, et al, 2016). Given this
information, the focus of this project was to introduce the use of Automated Office Blood
Pressure (AOBP) measurements into practice to aid with accurately diagnosing HTN, thus
differentiating it from WCHT. The aim of this project was to integrate AOBP measurements in
the primary care clinic for patients that presented for their appointment with elevated blood
pressures in the absence of a prior HTN diagnosis. The goal of this project was to establish an
alternative, accurate, and cost-effective method for the 81st Medical Group (MDG) to
differentiate between essential HTN and WCHT.
Significance of the Problem

According to the CDC (2016), an estimated 75 million American adults have high blood
pressure, and another 1-in-3 American adults have prehypertension. This was a primary or

contributing cause of death for more than 410,000 Americans in 2014, which equates to more
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than 1,100 deaths each day (CDC, 2016). 81st MDG leadership identified an increased number
of WCHT diagnoses. Current American Heart Association (AHA) guidelines state that elevated
blood pressure readings in the clinic should be confirmed by a 24-hour ambulatory blood
pressure monitor (ABPM) or home blood pressure monitor (HBPM) before the diagnosis of
HTN can be established (AHA, 2015). However, the 81st MDG was unable to issue ABPMs for
patient use due to budget constraints. Their process for further evaluating elevated blood pressure
readings varied significantly from no monitoring at all, to having the patient maintain a 5-day or
10-day HBPM log. These methods can be inconsistent and unreliable for various reasons.
Examples include: patients not returning to the clinic with their blood pressure logs for follow-up
visits or patients may lack equipment at home to monitor their BP. The 81st MDG leadership
was seeking an effective solution for improved diagnostic blood pressure readings. It was
proposed that having a consistent, automated, and reliable method of obtaining patient blood
pressures in the clinic would enhance the ability of healthcare providers to distinguish between
clinical HTN and WCHT.
Military Nursing Significance

Mission readiness is at the forefront of military medicine and the importance of
diagnosing and efficiently treating the active-duty population is vital to operations, manpower,
and unit integrity. Across the Department of Defense (DoD) and more specifically, the Military
Health System (MHS), the theme of trying to eliminate unnecessary costs is quite common.
Within the MHS, having the ability to streamline the diagnosis of HTN by using an alternative,
efficient, and cost-effective means would garner significant support. With this intervention in
place, there is potential to improve standardization, minimize incorrect blood pressure

measurements, and avoid over or under treatment of HTN (Cheng, Bhalla, & Chang, 2019). This,
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in turn, would save the DoD money by preventing unnecessary prescriptions and follow-up
visits. Furthermore, correctly diagnosing an active duty patient will allow for the correct medical
management to be provided earlier in the disease process. This could allow for a patient to be
world-wide qualified for deployment quicker, as their BP could be stabilized earlier in the HTN
process. The data provided through this project could contribute to providing more accurate
diagnoses of essential HTN and could help to sustain a medically ready active-duty population in
the future.
Clinical Question

Would the implementation of an AOBP system lower the number of patients with the
International Classification of Disease (ICD-10) diagnosis of R03.0 “Elevated blood pressure
without diagnosis of hypertension” and differentiate WCHT from HTN?
Literature Review of Solutions

The PICO question utilized to search the literature was: In adult patients visiting the
Family Health Clinic (FHC) (P) would the use of an AOBP monitoring system (I) in comparison
to standard blood pressure measurements during the clinic visit or HBPM (C) reduce the number
of R03.0 diagnoses and differentiate WCHT from HTN (O)? A literature review was conducted
using the databases of PubMed and CINHAL. Phrases included in the search criteria included
research articles based on "automated office blood pressure”, "white coat hypertension", and
"primary care". Search filter limitations were placed for the past 10-years and clinical trials for
higher levels of evidence. After evaluating all related articles following removal of duplicates,
clinical settings not pertaining to FHC, differing population groups such as pediatrics and
geriatrics, and non-clinical trials, the total articles found for inclusion to our project were six.

Pediatrics and geriatric populations were excluded as they were outside our population of interest
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and presented with more comorbidities than HTN alone. From the literature reviewed, there was
evidence to show that the incorporation of an AOBP monitor can differentiate WCHT from
clinical HTN as it matches closely to results obtained by the AHA gold standard of ABPM
(Cheng, Bella, and Chan, 2019) and (Myers, 2011). To maximize the effect of AOBP
monitoring, it was set to take patient blood pressures in intervals for at least 10-minutes in a quiet
room without provider presence (Myers, 2011). The use of AOBP monitoring differentiated
WCHT from clinical HTN in a drop from 55%-18% of patients utilizing the cut off of > 20
mmHg systolic and > 10 mmHg diastolic (Myers, 2009). For pre-existing hypertensive patients,
Beckett & Goodwin (2005) identified a correlation of 135/85 most associated with a ABPM
mean of 140/90.
Focus Area

The focus area for the project was to implement AOBP monitoring with the intent to
create an effective screening method and obtain a more accurate blood pressure measurement
within the outpatient, primary care clinic setting. Research articles were analyzed covering
AOBP monitoring and provided evidence in support of our goal to diagnose HTN and
differentiate from WCHT. The primary aim was to compare the previous data on the number of
R03.0 ICD-10 diagnoses made prior to initiation of the AOBP system to the number of R03.0
diagnoses after project completion. The project aimed to reduce the overall number of R03.0
diagnoses with a feasible and sustainable solution.
Organizing Framework

The Iowa Model of evidence-based practice (EBP) to promote quality care was used to
improve the quality of care in the clinical setting. This model focused on a conceptual framework

to ensure change was sustainable and allowed clinical personnel to question whether care could
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be improved using research findings (Titler et al., 2001). This model was selected because it
focused on organization and collaboration with other providers and encouraged the use of EBP
research to initiate change. Furthermore, it provided an organized conceptual framework to guide
the implementation of the project (White, Dudley-Brown, & Terhaar, 2016). During
implementation of the project, the lowa Model of EBP was used to promote quality care
algorithms to guide the project design. The steps used in this model required an identification of
the problem and determination of whether it was a knowledge or problem focused trigger,
determination of whether the problem was a priority for the organization, and formulation of a
team. The second part of this model required the team to assemble, critique, and synthesize
research for use in practice, and determine if a change was appropriate for adoption into practice
(Steelman, 2016).

This stepwise approach used in the lowa Model of EBP to promote quality care helped
guide the project design, research solutions, and change implementation. Determining the
priority of the organization by speaking with 81st MDG leadership was one of many examples of
how the Iowa Model of EBP was adapted to promote quality care. Critiquing and synthesizing
research and receiving acceptance from the clinical team at the 81st MDG were also essential
steps that were adopted from the Iowa Model.

Project Design
General Approach

This process improvement (PI), EBP project focused on the education and
implementation of AOBP measurements in the outpatient clinical setting to diagnose essential
HTN and differentiate it from WCHT. A retrospective electronic health record (EHR) review

was conducted that identified patients with the R03.0 ICD-10 code, based on HBPM and clinic
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blood pressure readings, to formulate a better understanding of the prevalence of this issue. Next,
an educational in-service on the proper use of AOBP machines was conducted for FHC
providers, nurses, and technicians. Following the in-service, the team implemented the use of
AOBP machines on the previously specified patient population that presented to the clinic with a
blood pressure > 140/90, in accordance with the Eight Joint National Committee (JNC-8)
recommendations for treatment. An Armed Forces Health Longitudinal Technology Application
(ALTHA) current procedural terminology (CPT) code, 200F, was designated to chart when
AOBP was utilized. Data was collected for three months on the number of R03.0 diagnoses and
the number of times that the AOBP was utilized. After the implementation time frame,
encounters with the R03.0 code were reviewed to re-assess the prevalence of the diagnosis
within the FHC.

Initial implementation of this project was to be established in the active duty Warrior
Clinic for best military operational significance. However, due to the effects of the Covid-19
pandemic, the Warrior Clinic could not support the team’s project implementation. The team was
based in the FHC as directed by the 81st MDG leadership. Other barriers that the team
encountered included: limited in person visits due to the Covid-19 pandemic, patient
participation, extended appointment times due to utilizing the AOBP, provider bias on using the
AOBP over HBPM, and the use of only one AOBP machine. The team’s Phase 2 site director
(P2SD) acquired one AOBP machine that was designated for project use.
Setting and Population

Keesler AFB is located in Biloxi, Mississippi. It is home to the 81st Training Wing, 2nd
Air Force, and the 403rd Air Force Reserve Wing (Keesler AFB, 2019). The base serves as an

education center to more than 160 courses that trains members in all branches of service and



AUTOMATED OFFICE BLOOD PRESSURE 12

approximately 30,000 students annually (Keesler AFB, 2019). The project took place at the 81st
MDG's FHC. The staff members included primary care managers, nurses, and medical
technicians, along with administrative staff and leadership (J. Varney, personal communication,
October 27, 2019). The 81st MDG serves 25,000 enrollees annually (Keesler AFB, 2019). The
FHC is designed to see retirees and adult family members as patients. The intervention focused
on adult patients greater than the age of 18. The project team worked with clinic providers,
nurses, and technicians, to identify patients that qualified for the project. The ideal candidates
were those with suspected WCHT, in an effort to differentiate it from essential HTN, by utilizing
the AOBP machine in the FHC.

Procedural Steps

This project utilized the implementation of AOBP and the evaluation of provider
knowledge on its use in the primary care setting. Exclusion criteria were created based on
provider feedback to eliminate potential causes for falsely elevated blood pressure. These steps
outlined the planning, implementation, and evaluation of the project.

First, following the lowa Model of EBP (Titler et al., 2001), the problem of WCHT was
identified through key stakeholders at the 81st MDG. With the increasing number of
beneficiaries empaneled to the Military Treatment Facility (MTF), identifying elevated blood
pressure as WCHT versus clinical HTN was a priority focus for 81st MDG leadership.
Improving accuracy of diagnosis in these patients served as the overarching goal as it would
improve clinical management, alleviate unnecessary prescriptions, and decrease costs. With the
identified problem selected, the project team was formed. A literature review was conducted
yielding evidence in the use of AOBP systems that correlated to systolic and diastolic readings

produced by 24-hour ABPMs. Evidence was also considered to determine the ideal setting
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AOBP should be utilized in, what qualified as elevated blood pressure on AOBP readings, and
how long the patient would need to be monitored by the machine.

Next, the results of the literature review were communicated to the P2SD and one AOBP
machine was purchased. Important team members were then identified in collaboration with the
P2SD, to include FHC leadership, providers, nurses, and clinic technicians. Training on the
AOBP was provided to all clinic personnel. This in-service covered the significance of the
AOBP assessment, its close correlation to 24-hour ABPM readings, the inclusion and exclusion
criteria for AOBP assessment candidates, informing and educating patients about the assessment,
and translating the results into clinical management.

A retrospective data review for ICD-10 diagnosis code R03.0 was conducted next.
Institutional Review Board (IRB) approval was obtained in order to collect data on patients
previously visiting the clinic with the ICD-10 R03.0 diagnosis. No personally identifiable
information (PII) was collected. Following the retrospective review, the implementation of the
AOBP in the FHC was initiated. Each patient signed a created HIPPA form IAW IRB policy
(Appendix E). Providers and technicians who performed initial vital sign assessments on patients
were instructed that for those patients presenting with a blood pressure > 140/90, an AOBP
screening should be performed. This parameter was set in accordance with (IAW) the JNC-8
guidelines. Additionally, providers were able to write an order for an AOBP screening based on
their clinical assessment of the patient.

To conduct the AOBP assessment, those patients meeting inclusion criteria were seated
in a designated room by clinic staff and the AOBP cuff was attached to the patient’s left arm.
The staff member then powered on the AOBP machine and informed the patient that they would

be leaving the room, but would return in approximately 10-minutes, once the assessment was
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complete. The AOBP machine was pre-programmed to then take three serial blood pressure
readings over a 10-minute time frame. Upon completion of the serial readings, the AOBP
machine calculated the patient’s mean systolic and diastolic blood pressures based on the
collected data. Patients with no prior history of HTN that had an elevated blood pressure on
initial check-in had an AOBP assessment performed at the conclusion of their visit. Exclusion
criteria included having a previous diagnosis of HTN, a current prescription for HTN
medications, severe acute pain, or encountering a recent stressful event or injury. Providers
closed their patient encounters with the diagnosis code of “Z71.1, no diagnosis”, prior to the
initiation of the AOBP. If the patient’s blood pressure was elevated according to JNC-8
guidelines, the patient was diagnosed with code “I10, Essential Hypertension”. If the patient’s
blood pressure was not elevated based on JNC-8 guidelines, the patient was given an “R03.0”
diagnosis. The procedure code, “200F”, was used to designate that the AOBP monitor was
utilized. After collecting results, a telephone consult was placed to the originating provider
discussing the readings from the AOBP so a plan of care could be generated.

Data collection was completed utilizing a chi-square statistical measure to show the
number of R03.0 diagnoses prior to project implementation in comparison to the number of
R03.0 diagnoses after implementation. The number of times the AOBP was utilized was assessed
by utilizing the previously mentioned diagnosis code.

Due to clinic staffing constraints, the team created a rotating schedule that designated one
project team member, to include the P2SD, as the daily AOBP champion. This champion
assumed the responsibility of ensuring that AOBP patients were properly screened in an accurate

and timely fashion. This also alleviated the potential for clinic workflow disruptions and
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minimized any inconsistencies with the AOBP assessment. A nurse or provider champion could
be trained on how to use the AOBP system to ensure future sustainment in the FHC.
Data Analysis Plan

Data was analyzed based on independent and dependent variables established in the data
plan. The independent variable identified is the initiation of the AOBP monitoring system,
following in-service training for all providers, nurses, and clinic support staff. This in-service
training provided general knowledge on the use of the AOBP machine, when to use it, and how
to document HTN versus normotensive readings. This was a process measure. The independent
variable will be documented as “before” and “after” training.

The dependent variable was the outcome measurement that looked at the number of
R03.0 ICD-10 diagnoses in the three-month period before initiation of AOBP and the three-
month period after initiation. The R03.0 ICD-10 code was utilized when a patient’s blood
pressure was elevated, but the provider was unsure if the patient had HTN. Having an elevated
blood pressure without the diagnosis of HTN is characteristic of WCHT. Through the initiation
of the AOBP system it eliminated those patients that fell into the unclassified blood pressure
category and diagnosed them as either having HTN or a normal blood pressure. Parametric
statistics were implemented to evaluate these variables.

JNC-8 guidelines were used for the diagnosis of HTN. The JNC-8 guidelines defined
HTN as a blood pressure > 140/90. The literature showed that the use of an AOBP has a high
correlation to an ABPM, which is recommended by the AHA for diagnosis of HTN (Cheng et al,
2018). The AOBP was utilized for 10-minutes based on the literature by Myers et al. (2011)

showing that this time period provided an accurate depiction of the patient’s blood pressure.
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Potential Barriers

Potential barriers that were identified during the implementation phase of this project
included patient participation, provider buy-in, lack of properly identifying patient candidates,
and lack of having more than one AOBP machine. During the project implementation, patients
with elevated BP were screened on the AOBP system. This created longer appointment times for
the patient and had the potential to decrease patient participation. To optimize patient
participation, a thorough explanation of the procedure and its importance were explained.
Provider buy-in biases were minimized through in-service education and by assigning unit
champions to assist with the implementation of AOBP assessments during the PI process and
after leaving the 81st MDG. Refresher in-service training was conducted regularly to remind the
providers that the PI project was ongoing and a schedule showing the daily project point of
contact was posted on the clinic huddle board.

There was only one AOBP machine in the FHC at the 81st MDG. This created a
continual barrier due to the lack of availability of additional machines if multiple patients
required screening at the same time. Each AOBP assessment takes approximately 10-minutes to
complete (Myers, 2011). If there is no AOBP machine available when a qualifying patient is in
the clinic, it created appointment delays and potentially led to decreased customer satisfaction.
To alleviate this problem, the suggestion of acquiring additional AOBP machines was made.
Each AOBP machine costs $650 (J. Varney, personal communication, February 12, 2020).
Additional funding was not available for the purchase of a second machine during project

implementation.
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Sustainment and Dissemination Plan

The Iowa Model of EBP to promote quality care identified the importance of the
organization's buy-in. Receiving acceptance from the 81st MDG leadership was vital to
implementing the PI project. Upon completion of the EBP, FHC providers were briefed on the
findings. Additionally, staff received refresher training on how to conduct an AOBP assessment
and were educated on the HTN qualification guidelines. The trained clinical staff were provided
a copy of the procedural steps for reference. A qualifying patient with an elevated blood pressure
or suspected WCHT diagnosis during their appointment screening would then undergo an AOBP
assessment and be educated on the reason, purpose, and outcome of the project.

A key step in sustaining the EBP is appointing primary and secondary champions to
ensure that training is conducted regularly and that guidelines are followed. Additionally, they
will be responsible for ensuring that the AOBP machine and designated assessment room are
maintained. The FHC Flight Commander and Medical Director can facilitate this designation and
ensure proper accountability.

HIPAA and Ethical Considerations

Potential HIPAA and ethical concerns focused on maintaining patient privacy and
avoiding risk for patient harm. During the retrospective data collection, integrity of PII and
protected health information (PHI) was upheld by only utilizing ICD-10 codes and blood
pressure readings in AHLTA to track relevant data and prevent the breach of patient
identification. The 81st MDG requirements were adhered to and approval was gained from the
Institutional Review Board (IRB). It is also important to note that the focus of the EBP project
was PI and not research. Additionally, each patient signed a HIPPA form discussing their

participation in the project (Appendix E).
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Project Results

The retrospective review of 110 and R03.0 diagnosis codes yielded a total of 752 patients
diagnosed with HTN (I10) and 101 patients diagnosed with elevated BP without HTN (R03.0)
for the three months prior to project implementation. The AOBP was implemented in the FHC
for the months of January-March of 2021. Every adult patient over the age of 18 who presented
with elevated blood pressure, based on JNC-8 guidelines, were screened with the exclusion
criteria created by the DNP students and the providers within the FHC. During the two and one-
half month implementation, a total of 15 patients met exclusion guidelines and agreed to
participate in the PI project. The post data review showed a total of (556) 110 diagnoses and (42)
RO03.0 diagnoses during the period of project implementation.

With the help of Keesler’s Clinical Research Laboratory, the results were analyzed using
the SPSS v21 statistical analysis system. The recommended initial sample size was 97 patients.
Although there were only 15 patients enrolled, the Chi-Square test was used to compare pre-
intervention 110/R03.0 diagnosis codes to post-intervention 110/R03.0 codes. The Fisher’s Exact
Test was used to yield a statistically significant result that the incorporation of the AOBP
measurement reduced the number of R03.0 diagnoses in the FHC during a three-month period.
This result produced a p value of < 0.5 which allowed the team to accept the null hypothesis and
show that the implementation was successful.

Analysis of the Results

Out of the 15 patients that had their blood pressure analyzed, five patients had an elevated
reading of > 140/90 or > 150/90, based on JNC-8 guidelines. These patients were given a
diagnosis code of “I10: Essential Hypertension”. The remaining 10 patients’ blood pressure

readings were < 140/90, which did not meet the definition of HTN according to JNC-8
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guidelines and were therefore assigned the diagnosis code of “R03.0: Elevated Blood Pressure
without the diagnosis of Hypertension". Every patient then had a telephone consultation initiated
to the originating provider with the results of their AOBP reading and updated diagnosis code.
The provider then made a decision on whether to start antihypertensive medications. In total, the
AOBP enrolled patients had a total of 33.3% diagnoses of Essential Hypertension, while the
remaining 66.6% of patients remained not diagnosed with HTN.

The difference in the pre-implementation R03.0 diagnoses and post-implementation
R03.0 diagnoses was statistically significant. This signifies that the implementation of the AOBP
was successful in identifying Essential Hypertension in patients presenting with elevated blood
pressure in clinic. Based on literature, the AOBP is a recommended method for identifying
elevated blood pressure and based on PI project implementation this proved that it can be
implemented in the FHC setting to identify patients early on in the disease process. From start to
finish the AOBP assessment only takes 10-minutes. This negates the prolonged 24-hour ABPM
system and the HBPM screening method. These patients can get earlier treatment which, in turn,
can lead to successful treatment of HTN.

10 of the 15 patients enrolled in the study received the diagnosis of R03.0 based on their
AOBP measurements. They did not meet HTN criteria based on JNC-8 guidelines. This falsely
elevated blood pressure could be associated with WCHT, rushing to get into the clinic, or
underlying stress factors. The exclusion criteria attempted to eliminate potential causes of falsely
elevated blood pressures prior to patient screening, so these patients likely have WCHT, which
according to literature review, is prevalent in the adult population. With the AOBP reading not
meeting JNC-8 HTN guidelines it could safely be assumed that they are not hypertensive at the

visit and should continue with annual blood pressure screening during future wellness visits.
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Organizational Impact

This project enhanced the knowledge of FHC staff members and provided a sustainable
behavior for measuring blood pressures in an outpatient clinic setting. Additionally, the project
created a streamlined process for diagnosing HTN and provided a means to eliminate
unnecessary costs associated with chronic disease complications.

Future Directions for Research and Practice

The project’s success encourages future research to identify other healthcare procedures
that lack a streamlined approach to monitoring and evaluating chronic disease. Future practice
integration includes implementing a standard practice for monitoring high blood pressure
readings across the Defense Health Agency (DHA). This action would meet the Military Health
System’s (MHS) Quadruple Aim for HTN through better care, better health, decreased costs, and
increased readiness.

Conclusion

The focus of the PI project was to introduce the use of AOBP measurements into practice
to aid with accurately diagnosing HTN, differentiating it from WCHT. During the project
implementation the team was able to produce statistically significant results, as evidenced by the
difference between pre-implementation R03.0 diagnoses and post-intervention R03.0 diagnoses.
Additionally, the clinical question was answered by showing that the implementation of an
AOBP system lowered the number of patients with the R03.0 diagnosis. The initiation of
unnecessary prescriptions and treatment due to the misdiagnosis of HTN has had negative
nationwide economic implications (CDC, 2016). In the US military, HTN misdiagnosis can also
have substantial career and mission readiness implications. With this PI project, the objective

was met by establishing an alternative, accurate, and cost-effective method for the 81st MDG to
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differentiate between essential HTN and WCHT. The evidence that the project provided can be

utilized to promote the institution of this process into practice at the local and DoD level.
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