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BACKGROUND: Asymptomatic blood pressure elevation
is common in the inpatient setting. National guidelines
recommend treating with oral agents to slowly decrease
blood pressure; however, many clinicians use intravenous
antihypertensive medications, which can lead to
unpredictable changes in blood pressure.

OBJECTIVE: To decrease the number of inappropriate
orders (without symptoms of hypertensive emergency

or order for NPO) of intravenous antihypertensives and
adverse events associated with intravenous orders.

DESIGN: Quasi-experimental study with multidisciplinary
intervention.

PARTICIPANTS: Inpatients with a one-time order for an
intravenous antihypertensive agent from January 2016 to
February 2018.

ith the presence of hypertension in 25% of patients

admitted to the hospital," its proper management

is imperative. A hypertensive crisis is a severe ele-

vation of blood pressure, defined as systolic >180
mm Hg and/or diastolic 2120 mm Hg. It is further classified as
either a hypertensive emergency which includes the presence of
end-organ damage,? or hypertensive urgency, defined as asymp-
tomatic blood pressure elevation.® Although hypertensive emer-
gencies account for only 1%-2% of patients with hypertension,*
they are associated with a high one-year mortality rate (>79%).>
Hypertensive emergency requires immediate reduction of blood
pressure with IV antihypertensive drugs to limit organ damage. In
contrast, as per national guidelines, inpatient management of hy-
pertensive urgency requires gradual reductions of blood pressure
over hours to days using oral antihypertensives.? It is also recom-
mended that alternative etiologies, such as anxiety or pain, be
considered before treatment is initiated.!
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MAIN MEASURES: The main outcomes were the total
numbers of orders and inappropriate orders, adverse
events, and alternate etiologies per 1,000 patient-days. As
a balancing measure, patients were monitored for adverse
events when blood pressure was elevated and not treated.

KEY RESULTS: There were a total of 260 one-time orders
of intravenous antihypertensives on two medical units.
Inappropriate orders decreased from 8.3 to 3.3 per 1,000
patient days (P = .0099). Adverse events associated with
intravenous antihypertensives decreased from 3.7 to 0.8
per 1,000 patient days (P = .0072).

CONCLUSION: This initiative demonstrated a significant
reduction in inappropriate use of IV antihypertensives
and an associated reduction in adverse events. Journal of
Hospital Medicine 2019;14:151-156. © 2019 Society of
Hospital Medicine

Clinicians often inappropriately treat asymptomatic hyper-
tension in the inpatient setting,*’ using intravenous (IV) anti-
hypertensive medications despite evidence showing potential
harm.5® This can lead to unpredictable reductions in blood
pressure.”? A recent retrospective analysis demonstrated that
32.6% of patients had a blood pressure reduction greater than
25% after the use of an IV antihypertensive.” Reductions great-
er than 25% lead to shifts in autoregulation, which may result in
patient harm, such as hypotension, decreased renal perfusion,
and stroke.? IV medications are also more expensive than oral
agents, due to the additional cost of administration.

Although overtreatment of asymptomatic hypertension with
IV antihypertensive medications is common,’ initiatives to ad-
dress this in inpatient settings are lacking in the literature. The
aim of this quality improvement initiative was to reduce unnec-
essary |V antihypertensive treatment for hypertensive urgency
in the inpatient setting.

METHODS

Setting

An interdisciplinary quality improvement intervention was ini-
tiated on two inpatient medicine units at an urban, 1,134-bed
tertiary medical center affiliated with the Icahn School of Med-
icine at Mount Sinai. Members of the Mount Sinai High Value

Journal of Hospital Medicine® Vol 14 | No 3 | March 2019 151



Pasik et al | Assess before Rx: Urgency is not an Emergency

Care Committee and the Student High Value Care Initiative'™
developed this project. The intervention was implemented in
stages from March 2017 to February 2018. It targeted nurses,
housestaff, nurse practitioners, and attendings on general
medical teaching and nonteaching services. The components
of the intervention included education, a treatment algorithm,
audit and feedback, and electronic medical record (EMR)
change. This project was submitted to the Quality Committee
in the Department of Medicine and determined to be a qual-
ity improvement project rather than research and thus, an IRB
submission was not required.

Treatment Algorithm and Education

A clinical algorithm was designed with nursing and cardiology
representatives to provide guidance for nurses regarding the
best practice for evaluation of inpatient hypertension, focusing
on assessing patients before recommending treatment (“As-
sess Before Rx”; Figure 1). Educational sessions reinforcing the
clinical algorithm were held monthly at nursing huddles. These
involved an introduction session providing the background
and purpose of the project, with follow-up sessions includ-
ing interactive mock cases on the assessment of hypertensive
urgency.

A second treatment algorithm was designed, with houses-
taff and cardiology input, to provide guidance for the internal
medicine housestaff and nurse practitioners. It utilized a similar
approach regarding identification, evaluation, and assessment
of alternate etiologies but included more detailed treatment
recommendations with a table outlining the oral medications
used for hypertensive urgency (Figure 2). The flowchart and ta-
ble were uploaded to an existing mobile application used by
housestaff and nurse practitioners for quick access. The mobile
application is frequently used by housestaff and contains many
clinical resources. Additionally, e-mails including the purpose
of the project and the treatment algorithm were sent to rotat-
ing housestaff at the start of each new medicine rotation.

Audit and Feedback

Monthly feedback was e-mailed to the nurses, which rein-
forced the goals and provided positive feedback on outcomes
with an announcement of the “Nurse of the Month.” The win-
ners were selected based on the most accurate and appropri-
ate documentation of their assessments determined through
retrospective chart review.

Targeted e-mail feedback was also sent to providers who
ordered IV antihypertensives without the appropriate indica-
tion. The e-mails included the medical record number, date
and time of the order, any alternate etiologies that were doc-
umented, and any adverse events that occurred as a result of
the medication.

Systems Change: Electronic Medical Record Orders
EMR advisory warnings were placed on IV antihypertensive or-
ders of labetalol and hydralazine. The alerts served to nonin-
trusively remind providers to assess for symptoms before plac-
ing the order to ensure that the order was appropriate.
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Data Collection and Assessment

Seven-month  preintervention  (January-July 2016) and
12-month postintervention (March 2017-February 2018) data
were compared. The months prior to intervention were ex-
cluded to account for project development and educational
lag. Data were obtained from EMR utilization reports of one-
time orders of IV labetalol and hydralazine, and retrospective
chart review. Patients who were pregnant, less than 18 years of
age, or postoperative were excluded. Orders were designat-
ed as inappropriate if there was no evidence of hypertensive
emergency through documentation in progress notes, or if the
patient was able to take oral medication (not NPO). Adverse
events were defined as a blood pressure drop of more than
25%, a change in the heart rate by more than 20 beats per
minute, or the need for IV fluids, based on previous studies.’”
Although decreased blood pressure is not necessarily danger-
ous in and of itself, adverse events arising from blood pressure
decreasing too rapidly from IV antihypertensives are well docu-
mented.”"! The presence of alternate etiologies of high blood
pressure that were documented in progress notes, including
pain, anxiety, agitation, and holding of home blood pressure
medications, were recorded. The numbers of inappropriate or-
ders pre- and postintervention were compared. Confounding
factors of patient age and length of stay (LOS) were compared
pre- and postintervention in order to rule out other factors to
which the intervention’s effect could be attributed. Addition-
ally, as a balancing measure, a random sample of patients
with elevated blood pressure were monitored on a biweekly
basis for adverse events that occurred as a result of not receiv-
ing IV treatment, including stroke, myocardial infarction, and
pulmonary edema.

For this study, orders were reported on the standardized
form of orders per 1,000 patient days. This was calculated as
the number of orders divided by the total number of patient
days from the two medicine units. For the univariate analysis,
pre- and postintervention orders were compared for the dif-
ferent order categories using a t-test. Results were considered
statistically significant at P < .05. Data analysis was conducted
using SAS v. 9.4 (SAS Institute, Cary, North Carolina).

Additionally, a cost analysis was performed to estimate the
hospital-wide annual cost of inappropriate orders. The analysis
used the cost per dose'? and included nurse-time derived from
the median salary of those on our units. The hospital-wide cost
was extrapolated to estimate the potential annual savings for
the institution.

RESULTS
A total of 260 one-time orders of IV antihypertensives were
analyzed in this study, 127 in the seven-month preinterven-
tion period and 133 in the 12-month postintervention period.
The majority, 67.3% (n = 175), were labetalol orders. Inappro-
priate orders (ie, neither NPO nor hypertensive emergency)
decreased from 8.3 to 3.3 orders per 1,000 patient days (P =
.0099; Figure 3).

In total, there were 86 adverse events (33.1%), the majority of
which (94.2%, n = 81) were a >25% decrease in blood pressure
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Assess before Rx

Did you know...

Aggressive treatment of asymptomatic hypertension can lead to:
Hypotension Tachycardia Stroke Dizziness Bradycardia Organ injury

Guideline Flowchart

Is the patient’s blood pressure
> 180 mm Hg
or >> baseline BP?

Yes No
Presence of symptoms? No immediate
(see evaluation criteria) Action needed.
Review for home BP Review for home
medication BP medication
Yes No
Hypertensive
HaveAyou Urgency
factored in other
etiologies Is current BP >>
baseline BP?
Yes I No Yes No
Hypertensive .
Eyriergency Assess alternative aZiSsosr;ZthNéf Immediate
Report HTN, etiologies oymptoms treatment not
assessment of (see below) and/or other necessary
symptoms ar}d/or Report HTN to etiologies to Monitor patient
other’\e/ltg/l,(\‘)%es to MD/NP MD/NP Report HTN to MD/NP
Evaluation Criteria Alternative Etiologies
1. Check vitals (BP in both arms) ® Missing home BP meds
2. Check for the following: ¢ Drug withdrawal
® Neuro check e Anxiety/Pain
* Symptoms e Delirium
ﬁl;:;eadd:r;ental status ¢ Volume overload (especially with renal/cardiac patients)

Changes in vision
Chest pain
Shortness of breath
Acute stroke

3. Check if anti-HTN meds were recently held

FIG 1. Nurse Inpatient Hypertension Guideline

Abbreviations: BP, blood pressure; HTN, hypertension; MD/NP, doctor of medicine/nurse practitioner.

(Table 1). The number of adverse events per 1,000 patient days tervention, P = .0112. Of the inappropriate orders, adverse
decreased from 4.4 in the preintervention period to 1.9 postin- events decreased from 3.7 to 0.8 per 1,000 patient days, P =
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Management of Inpatient Hypertension

Hypertensive Urgency

Assess Before Rx

Assess patient with elevated blood pressure
(>180 systolic or >> baseline BP)

l

Does the patient have symptoms?

(new AMS, vision changes, chest pain, SOB,
change in neuro exam, AKI)

A
Yes l No

Are there alternate etiologies?

(pain, anxiety, withdrawal,
off of home BP meds)

No Yes l

Recommended
Treatment

Treat alternate etiologies
and reassess

Y Y

Hypertensive Emergency

Elevated blood pressure
with symptoms

Hypertensive
Urgency
Elevated blood pressure

(end organ damage) that is asymptomatic

l ,,

Recommended Treatment Recommended Treatment

IV infusion with a goal
of no more than
25% reduction within first

Lower BP over several days
using oral agents

hour, lowered to 160/100
over the next 2-6 hours,
and down to normal
within 24-48 hrs

FIG 2. Housestaff Inpatient Hypertension Management Guidelines

Additional
Comments/
Adverse Reactions

Initial
Dosing

Duration
of Action

Onset of
Action

Medication

Labetalol PO [20minto |8to12hrs |100mg | Beta- and alpha-
2 hrs blocker, avoid in

bradycardia <60

Hydralazine | ~45min 2106 hrs 10 mg May cause

PO unpredictable
and prolonged
antihypertensive
effects, reflex
tachycardia

Amlodipine | 6to 12 hrs Slow onset of action

PO

>24 hrs 5mg

30 min 24 hrs Avoid immediate
release as may cause
hypotension, use
sustained release

(Procardia XL)

Nifedipine PO 30 mg

hr 24 hrs 2.5t0 20 | Avoid in

mg hyperkalemia AKI

Lisinopril PO

IV agents should be reserved for Hypertensive Emergancy only,
or if patient is NPO as it leads to unpredictable and rapid drops in BP,
among other adverse events

Abbreviations: AKI, acute kidney injury; AMS, acute mountain syndrome; BP, blood pressure; IV, intravenous; NPO, nothing by mouth; PO, by mouth; SOB, shortness of breath.

.0072. Overall, there were 76 orders (29.2%) with documented
alternate etiologies. The number of orders per 1,000 patient
days with an alternate etiology decreased from 4.7 in the pre-
intervention period to 1.2 postintervention, P =.0044 (Table 2).
Descriptive analysis of patient characteristics pre- and postin-
tervention were not statistically significant; for age 68.4 vs 70.7,
P = .0823 and for LOS 14.8 vs 15.4, P = .0769. As a balancing
measure, 111 patients with elevated blood pressure were mon-
itored for adverse events during the postintervention period.
Among patients who did not receive IV medication based on
our algorithm, there were no adverse events.

Cost analysis estimated a $17,890 annual hospital-wide cost
for unnecessary IV antihypertensive medications before the
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intervention. The estimate was calculated using the number
of orders on the two medical units observed during the sev-
en-month preintervention period, extrapolated to a 12-month
period and to the total number of 15 medical units in the hos-
pital. The intervention on the two studied medical units them-
selves led to an estimated $1,421 cost reduction (59.6%). Had
the intervention been implemented hospital-wide with similar
results, the resulting cost reduction would have amounted to
$10,662.

DISCUSSION
Our initiative successfully demonstrated a significant reduction
of 60% in inappropriate one-time orders of IV antihyperten-
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FIG 3. U-Control Chart, Pre- and Postintervention Inappropriate Orders per 1,000 Patient Days

sives per 1,000 patient days. Accordingly, the number of ad-
verse events per 1,000 patient days decreased by 57%. There
was also a decrease in the number and percentage of IV orders
with documented alternate etiologies. We hypothesize that
this was due to nurses and physicians assessing and treating
these conditions prior to treating hypertension in the interven-
tion period, consequently avoiding an IV order.

The goal of the intervention was to have nurses assess for
end-organ damage and alternate etiologies and include this
information on their assessment provided to the physician,
which would result in appropriate treatment of elevated blood
pressure. By performing an interdisciplinary intervention, we
addressed the knowledge deficit of both nurses and physi-
cians, improved the triage of elevated blood pressure, and
likely decreased the number of pages to providers.

To our knowledge, this is the first intervention addressing
the inpatient overuse of IV antihypertensive medications for
the treatment of asymptomatic hypertension. Additionally, this
study bolsters prior evidence that the use of IV antihyperten-
sives in asymptomatic patients leads to a large number of ad-
verse events.” A third of patients in the preintervention period
had documented alternate etiologies of their blood pressure
elevation, highlighting the need to assess and potentially treat
these causes prior to treating blood pressure itself.

Reducing unnecessary treatment of asymptomatic blood

An Official Publication of the Society of Hospital Medicine

TABLE 1. Adverse Events and Alternative Etiology of IV
Antihypertensive Medications

Adverse Events n (%)
Blood Pressure Drop >25% 81(94.2)
Bradycardia 6(7.0)
Tachycardia 2(2.3)
Symptomatic Dizziness 2(2.3)
Need for IV Fluids 0(0.0)
Alternative Etiology® n (%)
Anxiety 22 (28.9)
Pain 38(50.0)
Steroids 5(6.6)
Withdrawal 1(1.3)
Off Home Antihypertensives 10(13.2)

“Not mutually exclusive
Abbreviation: IV, intravenous.
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TABLE 2. Analyses of One-Time Orders of IV Antihypertensive Medications

Pre Intervention (7 months)

Overall Orders / 1,000 patient days
Inappropriate Orders / 1,000 patient days

Adverse Events / 1,000 patient days
From All Orders

From Inappropriate Orders

Alternate Etiology Orders / 1,000 patient days

pressure elevation is challenging. Evidence shows that both
clinicians and patients overestimate the benefits and under-
estimate the harms of medical interventions.’®" This unfortu-
nately leads to unjustified enthusiasm for medical treatments,
which can worsen outcomes.”™ Additionally, there may be a
lack of knowledge of the guidelines, as well as the amount of
time required in the full assessment of hypertensive urgency,
that creates a culture of “treating the number.”

Changing physician behavior is difficult.’® However, active
forms of continuing education and multifaceted interventions,
such as ours, are most effective.”” Our message focused on
patient safety and harm reduction, addressed clinicians’ safety
concerns, and included stories of real cases where this overuse
led to adverse events—all of which are encouraged in order to
facilitate clinician engagement.'

There were limitations to this study. Only blood pressure
elevations associated with an IV antihypertensive order and
not all blood pressure elevations meeting the criteria for hy-
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