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E levated blood pressure (BP) is common among hospital-
ized adults, with prevalence estimates between 50% and 
70%.1 Many factors can cause or exacerbate BP eleva-
tions in the setting of acute illness, such as pain, anxiety, 

medication withdrawal, and volume status, among others.2  While 
there are clear evidence-based recommendations for treating 
hypertension (HTN) in the ambulatory setting,3 guidelines for the 
management of elevated BP in the hospital are lacking.4,5 

Hypertensive crises are generally recognized as warranting 
rapid reduction in BP;6-8 however, these represent the minority 
of cases.9,10 Far more common in the hospital are patients with 
asymptomatic elevated BP, a population for which there is no 

high-quality evidence and no guidelines supporting the use of 
intravenous (IV) antihypertensives.11,12 Treatment with such medi-
cations has been associated with highly variable clinical respons-
es13-15 and may result in adverse events, such as hypotension.10 

To date, only a small number of studies have investigated the 
treatment of asymptomatic elevated BP among hospitalized 
adults.10,13-15 These have suggested that IV antihypertensives 
are utilized frequently in this setting, often for only modestly 
elevated BPs; however, the studies have tended to be small, 
not racially diverse, and limited to noncritically ill patients. Fur-
thermore, while it is generally accepted that reducing the use 
of IV antihypertensives among asymptomatic patients would 
have no adverse impact, to our knowledge there have been no 
published studies which have instituted such an initiative while 
measuring balancing outcomes.

The purpose of this study was to further the existing literature 
by defining the prevalence and effects of IV antihypertensive 
medication utilization among a medically complex, multiracial 
population of asymptomatic medical inpatients using a large 
electronic dataset and to evaluate the impact of a division-wide, 
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BACKGROUND: Asymptomatic elevated blood pressure 
(BP) is common in the hospital. There is no evidence 
supporting the use of intravenous (IV) antihypertensives in 
this setting.

OBJECTIVE: To determine the prevalence and 
effects of treating asymptomatic elevated BP with IV 
antihypertensives and to investigate the efficacy of a 
quality improvement (QI) initiative aimed at reducing 
utilization of these medications. 

DESIGN: Retrospective cohort study.

SETTING: Urban academic hospital.

PATIENTS: Patients admitted to the general medicine 
service, including the intensive care unit (ICU), with ≥1 
episode of asymptomatic elevated BP (>160/90 mm Hg) 
during hospitalization.

INTERVENTION: A two-tiered, QI initiative.

MEASUREMENTS: The primary outcome was the monthly 
proportion of patients with asymptomatic elevated BP 

treated with IV labetalol or hydralazine. We also analyzed 
median BP and rates of balancing outcomes (ICU transfers, 
rapid responses, cardiopulmonary arrests). 

RESULTS: We identified 2,306 patients with ≥1 episode 
of asymptomatic elevated BP during the 10-month 
preintervention period, of which 251 (11%) received IV 
antihypertensives. In the four-month postintervention 
period, 70 of 934 (7%) were treated. The odds of being 
treated were 38% lower in the postintervention period 
after adjustment for baseline characteristics, including 
length of stay and illness severity (OR = 0.62; 95% CI 0.47-
0.83; P = .001). Median SBP was similar between pre- and 
postintervention (167 vs 168 mm Hg; P = .78), as were the 
adjusted proportions of balancing outcomes.

CONCLUSIONS: Hospitalized patients with 
asymptomatic elevated BP are commonly treated with 
IV antihypertensives, despite the lack of evidence. A QI 
initiative was successful at reducing utilization of these 
medications. Journal of Hospital Medicine 2019;14:144-
150. © 2019 Society of Hospital Medicine
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two-tiered quality improvement (QI) initiative on the rates of IV 
antihypertensive utilization and patient outcomes.

METHODS
Setting
The study was conducted at the University of California, San 
Francisco (UCSF), an 800-bed tertiary care, academic medical 
center. It was approved by the UCSF Institutional Review Board. 
General medicine patients at UCSF are distributed between 
teaching and direct-care (hospitalist) services. The intensive 
care unit (ICU) is “open,” meaning the medicine service acts 
as the primary team for all nonsurgical ICU patients. This study 
included all adult general medicine patients admitted to UCSF 
Medical Center between January 1, 2017 and March 1, 2018, 
including those in the ICU. 

Study Population and Data Collection
The UCSF Medical Center uses the electronic health record 
(EHR) Epic (Epic 2017, Epic Systems Corporation, Verona, Wis-
consin) for all clinical care. We obtained computerized EHR 
data from Clarity, the relational database that stores Epic’s 
inpatient data in thousands of tables, including orders, med-
ications, laboratory and radiology results, vital signs, patient 
demographics, and notes. We identified all adult patients hos-
pitalized on the general medicine service with ≥1 episode of 
elevated BP (>160/90 mm Hg) at any point during their hos-
pitalization who were not on a vasopressor medication at the 
time of the vital sign recording. 

We further identified all instances in which either IV labetalol 
or hydralazine were administered to these patients. These two 
agents were chosen because they are the only IV antihyper-
tensives used commonly at our institution for the treatment of 
asymptomatic elevated BP among internal medicine patients. 
Only those orders placed by a general medicine provider or 
reconciled by a general medicine provider upon transfer from 
another service were included. For each medication adminis-
tration timestamp, we collected vital signs before and after the 
administration, along with the ordering provider and the clini-
cal indication that was documented in the electronic order. To 
determine if a medication was administered with concern for 
end-organ injury, we also extracted orders that could serve as 
a proxy for the provider’s clinical assessment—namely electro-
cardiograms, serum troponins, chest x-rays, and computerized 
tomography scans of the head—which were placed in the one  
hour preceding or 15 minutes following administration of an IV 
antihypertensive medication. 

To assess for comorbid conditions, including a preexisting di-
agnosis of HTN, we collected International Classification of Dis-
eases (ICD)-9/10 diagnosis codes. Further, we also extracted All 
Patient Refined Diagnosis-Related Group (APR-DRG) weights, 
which are a standardized measure of illness severity based on 
relative resource consumption during hospitalization.16,17

Patients were categorized as having either “symptomatic” 
or “asymptomatic” elevated BP. We defined symptomatic el-
evated BP as having received treatment with an IV medication 
with provider concern for end-organ injury, as defined above. 

We further identified all patients in which tight BP control may 
be clinically indicated on the basis of the presence of any of 
the following ICD-9/10 diagnosis codes at the time of hospital 
discharge: myocardial infarction, ischemic stroke, intracranial 
hemorrhage, subarachnoid hemorrhage, subdural hematoma, 
aortic dissection, hypertensive emergency, or hypertensive 
encephalopathy. All patients with symptomatic elevated BP or 
any of the above ICD-9/10 diagnoses were excluded from the 
analysis, since administration of IV antihypertensive medica-
tions would plausibly be warranted in these clinical scenarios. 

The encounter numbers from the dataset were used to link 
to patient demographic data, which included age, sex, race, 
ethnicity, primary language, and insurance status. Finally, we 
identified all instances of rapid response calls, ICU transfers, 
and code blues (cardiopulmonary arrests) for each patient in 
the dataset.

Blood Pressure Measurements
BP data were collected from invasive BP (IBP) monitoring de-
vices and noninvasive BP cuffs.  For patients with BP measure-
ments recorded concomitantly from both IBP (ie, arterial lines) 
in addition to noninvasive BP cuffs, the arterial line reading was 
favored. All systolic BP (SBP) readings >240 mm Hg from arte-
rial lines were excluded, as this has previously been described 
as the upper physiologic limit for IBP readings.18

Primary Outcome
The primary outcome for the study was the proportion of pa-
tients treated with IV antihypertensive medications (labeta-
lol or hydralazine). Using aggregate data, we calculated the 
number of patients who were treated at least once with an IV 
antihypertensive in a given month (numerator), divided by the 
number of patients with ≥1 episode of asymptomatic elevated 
BP that month (denominator). The denominator was consid-
ered to be the population of patients “at risk” of being treated 
with IV antihypertensive medications. For patients with multi-
ple admissions during the study period, each admission was 
considered separately. These results are displayed in the upper 
portion of the run chart (Figure).

Secondary Outcomes
To investigate blood pressure trends over time, we analyzed 
BP in three ways. First, we analyzed the median SBP for the 
entire population. Second, to determine clinical responses 
to IV antihypertensive medications among patients receiving 
treatment, we calculated the population medians for the pre-
treatment SBP, the change in SBP from pretreatment baseline, 
and the posttreatment SBP. Third, we calculated the average 
median SBP on a monthly basis for the duration of the study. 
This was achieved by calculating the median value of all SBPs 
for an individual patient, then averaging across all patients in a 
given month. The average monthly median SBPs are displayed 
in the lower portion of the Figure.

To investigate whether the intervention was associated with 
negative patient outcomes, the proportions of several balanc-
ing outcomes were compared between pre- and postinterven-
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tion periods, including ICU transfers, rapid response calls, and 
code blues (cardiopulmonary arrests).

Development and Implementation of an Interven-
tion to Reduce Excessive IV Antihypertensive Use
After establishing the baseline prevalence of IV antihyperten-
sive medication use at our institution, we developed a QI initia-
tive with the goal of reducing IV antihypertensive medication 
utilization by the general medicine service for the treatment 
of asymptomatic patients. We hypothesized that potential 
contributors to overutilization might include lack of educa-
tion, provider/nursing discomfort, and a system designed to 
mandate provider notification for even modestly elevated BPs. 
The QI initiative, which took place between October 2017 and 
December 2017, was designed to address these potential con-
tributors and was comprised of a division-wide, two-tiered, 
bundled intervention. Our choice of a two-tiered approach 
was based on the fact that successful culture change is chal-
lenging, along with the existing evidence that multifaceted 
QI interventions are more often successful than single-tiered 
approaches.19 

The first tier of the initiative included an educational cam-
paign referred to colloquially as “NoIVForHighBP,” which tar-
geted residents, hospitalists, and nursing staff. The campaign 
consisted of a series of presentations, best practice updates, 
handouts, and posters displayed prominently in shared work-
spaces. The educational content focused on alternative ap-

proaches to the management of asymptomatic elevated BP 
in the hospital, such as identification and treatment of pain, 
anxiety, volume overload, or other contributing factors (see 
supplemental materials). These educational outreaches oc-
curred periodically between October 4, 2017 and November 
20, 2017, with the bulk of the educational efforts taking place 
during November. Therefore, November 1, 2017 was designat-
ed the start date for the intervention period.

The second tier of the intervention included the liberaliza-
tion of the EHR BP notification parameters on the standard in-
patient admission order set from >160/90 mm Hg to >180/90 
mm Hg. This change took effect on 12/6/2017. The decision 
to modify the BP notification parameters was based on the 
hypothesis that mandatory notifications for modestly elevated 
BPs may prompt providers to reflexively order IV antihyperten-
sive medications, especially during times of cross-coverage or 
high clinical workload. 

Statistical Analysis
All statistical analyses were performed using Stata software 
version 15 (StataCorp. 2017. Stata Statistical Software: Release 
15. College Station, Texas: StataCorp LLC). Baseline patient 
characteristics were compared using nonparametric tests of 
significance. Population median SBPs were compared be-
tween pre- and postintervention periods using Mood’s Medi-
an Test, which was selected because the data were distributed 
nonnormally, and variances between samples were unequal. 

FIG. Percentage of patients with asymptomatic elevated blood pressure receiving intravenous antihypertensive medications, and average median SBP, per month. 

Abbreviations: EHR, electronic health record; SBP, systolic blood pressure.
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Among patients treated with IV antihypertensive medica-
tions, we compared the proportion of pretreatment SBPs fall-
ing into each of three specified ranges (SBP <180 mm Hg, SBP 
180-199 mm Hg, and SBP >200 mm Hg) between baseline and 
intervention periods using chi-squared tests.

Using aggregate data, we compared the unadjusted pro-
portion of patients treated with IV antihypertensive medi-
cations between pre- and postintervention periods using a 
chi-squared test. Next, using patient-level data, a logistic 
regression analysis was performed to examine the associa-
tion between receipt of IV antihypertensive medications and 
time (dichotomized between pre- and postintervention peri-
ods) while adjusting for age, sex, race, ethnicity, primary lan-
guage, insurance status, preexisting HTN, length of stay, and  
APR-DRG weight. 

Rates of balancing outcomes were compared using chi-
squared tests. A logistic regression analysis using patient-level 
data was also performed to investigate the association be-
tween each of these outcomes and the intervention period 
(pre vs post) while adjusting for age, sex, race, ethnicity, prima-
ry language, insurance status, preexisting HTN, length of stay, 
and APR-DRG weight. 

RESULTS
Baseline Period
We identified 2,306 patients with ≥1 episode of asymptomatic 

elevated BP during the 10-month preintervention period. Pa-
tients on average experienced 9 episodes of elevated BP per 
hospitalization, representing 21,207 potential opportunities for 
treatment. Baseline characteristics are summarized in Table 1. 
In general, this represents an older population that was medi-
cally complex and multiracial. 

Of these patients, 251 (11%) received IV hydralazine and/or 
labetalol at least once during their hospitalization, with a total 
of 597 doses administered. Among those treated, a median of 
2 doses were given per patient (IQR: 1-4), 64% of which were 
hydralazine. The majority (380 [64%]) were ordered on an “as 
needed” basis, while 217 (36%) were administered as a one-
time dose. Three-quarters of all doses were ordered by the 
teaching service (456 [76%]), with the remaining 24% ordered 
by the direct-care (hospitalist) service. 

During the baseline period among patients receiving IV 
antihypertensive medications, the median SBP of the popu-
lation prior to treatment was 187 mm Hg (IQR 177-199; Table 
2). Treatment was initiated in 30% of patients for an SBP <180 
mm Hg and in 75% for an SBP <200 mm Hg. The median time 
to follow-up BP check was 34 minutes (IQR 15-58). The medi-
an decrement in SBP was 20 mm Hg (IQR 5-37); however, the 
response to treatment was highly variable, with 2% of patients 
experiencing no change and 14% experiencing an increase 
in SBP. Seventy-nine patients (14%) had a decrement in SBP 
>25% following treatment. 

TABLE 1. Comparison of Baseline Patient Characteristics between Pre- and Postintervention Periods

Preintervention, 
n = 2,306 

Postintervention, 
n = 934 P Value

Age, median (IQR) 67 (55-80) 69 (57-83) .01

Sex, n (%)
   Male
   Female

1,186 (51)
1,120 (49)

450 (48)
485 (52)

.09

Race, n (%)
   White
   Black
   Asian
   Hispanic
   Other

917 (40)
442 (19)
523 (23)
216 (9)
199 (9)

372 (40)
149 (16)
237 (25)
88 (9)
88 (9)

.22

Primary language, n (%)
   Non-English 475 (21) 222 (24) .05

Insurance, n (%)
   Commercial
   Medicaid
   Medicare
   Othera

314 (14)
532 (23)

1,439 (62)
21 (0.9)

119 (12)
184 (20)
625 (67)
6 (0.6)

.09

Hypertension present on admission, n (%) 1,732 (75) 659 (71) .01

APR-DRG Weight, median (IQR) 1.34 (0.99-1.77) 1.48 (1.00-1.82) < .001

Inpatient length of stay, median (IQR) 4.6 (2.8-8.0) 5.1 (2.9-9.2) .004

aIncludes uninsured, workers’ compensation, and other unspecified government insurance plans

Abbreviations: APR-DRG, all patient refined diagnosis-related groups; IQR, interquartile range.
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Description of Quality Improvement Results
Following the QI initiative, a total of 934 patients experienced 
9,743 episodes of asymptomatic elevated blood pressure over 
a 4-month period (November 1, 2017 to February 28, 2018). As 
shown in Table 1, patients in the postintervention period had a 
slightly higher median age (67 [IQR 55-80] vs 69 [IQR 57-83]; P = 
.01), a higher median APR-DRG weight (1.34 [IQR 0.99-1.77] vs 
1.48 [1.00-1.82]; P < .001), and a longer median length of stay 
(4.6 [2.8-8.0] days vs 5.1 [2.9-9.2] days; P = .004). There was also a 
higher proportion of nonEnglish speakers, fewer Black patients, 
and a lower proportion of preexisting HTN, in the postinterven-
tion period.

Of the 934 patients with ≥1 episode of asymptomatic elevat-
ed BP, 70 (7%) were treated with IV antihypertensive medica-
tions, with a total of 196 doses administered. The proportion of 
patients treated per month during the postintervention period 

ranged from 6% to 8%, which was the lowest of the entire study 
period and below the baseline average of 10% (Figure).  

In a patient-level logistic regression pre-post analysis adjust-
ing for age, sex, race, ethnicity, primary language, insurance 
status, preexisting HTN, length of stay, and APR-DRG weight, 
patients admitted to the general medicine service during the 
postintervention period had 38% lower odds of receiving IV 
antihypertensive medications than those admitted during the 
baseline period (OR = 0.62; 95% CI 0.47-0.83; P = .001). In this 
adjusted model, the following factors were independently as-
sociated with increased odds of receiving treatment: APR-DRG 
weight (OR 1.13; 95% CI 1.07-1.20; P < .001), Black race (OR 
1.81; 95% CI 1.29-2.53; P = .001), length of stay (OR 1.02; 95% 
CI 1.01-1.03; P < .001), and preexisting HTN (OR 4.25; 95% CI 
2.75-6.56; P < .001). Older age was associated with lower odds 
of treatment (Table 2).

Among patients who received treatment, there were no 
differences between pre- and postintervention periods in the 
proportion of pretreatment SBP <180 mm Hg (29% vs 32%; P 
= .40), 180-199 mm Hg (47% vs 40%; P = .10), or >200 mm Hg 
(25% vs 28%; P = .31; Table 3).

Population-level median SBP was similar between pre- and 
postintervention periods (167 mm Hg vs 168 mm Hg, P = .78), 
as were unadjusted rates of rapid response calls, ICU transfers, 
and code blues (Table 3). After adjustment for baseline char-
acteristics and illness severity at the patient level, the odds of 
rapid response calls (OR 0.84; 95% CI 0.65-1.10; P = .21) and 
ICU transfers (OR 1.01; 95% CI 0.75-1.38; P = .93) did not dif-
fer between pre- and postintervention periods. A regression 
model was not fit for cardiopulmonary arrests due to the low 
absolute number of events. 

CONCLUSIONS
Our results suggest that treatment of asymptomatic elevated 
BP using IV antihypertensive medications is common practice 
at our institution. We found that treatment is often initiated 
for only modestly elevated BPs and that the clinical response 
to these medications is highly variable. In the baseline period, 
one in seven patients experienced a decrement in BP >25% 
following treatment, which could potentially cause harm.11 
There is no evidence, neither are there any consensus guide-
lines, to support the rapid reduction of BP among asymptom-
atic patients, making this a potential valuable opportunity for 
reducing unnecessary treatment, minimizing waste, and avoid-
ing harm. 

While there are a few previously published studies with 
similar results, we add to the existing literature by studying a 
larger population of more than 3,000 total patients, which was 
uniquely multiracial, including a high proportion of non-En-
glish speakers. Furthermore, our cohort included patients in 
the ICU, which is reflected in the higher-than-average APR-
DRG weights. Despite being critically ill, these patients argu-
ably still do not warrant aggressive treatment of elevated BP 
when asymptomatic. By excluding symptomatic BP elevations 
using surrogate markers for end-organ damage in addition to 
discharge diagnosis codes indicative of conditions in which 

TABLE 2. Patient-Level Logistic Regression Analysis 
of the Association between Receipt of Intravenous 
Antihypertensive Medication and Exposure to QI 
Interventiona   

Variable
Odds of Treatment

(95% CI) P Value

Postintervention period 0.62 (0.47-0.83) .001

Race
   White
   Asian
   Hispanic
   Black
   Other/unknown

ref.
1.33 (0.92-1.93)
1.49 (0.96-2.20)
1.81 (1.29-2.53)
1.38 (0.86-2.20)

ref.
.13
.08
.001
.18

Age
   18-53
   54-66
   67-77
   78-116

ref.
0.68 (0.48-0.97)
0.55 (0.35-0.84)
0.80 (0.51-1.24)

ref.
.03
.01
.32

Sex
   Male
   Female

ref.
1.10 (0.86-1.40)

ref.
.46

Language
   English
   Non-English

ref.
0.98 (0.68-1.40)

ref.
.90

Insurance
   Commercial
   Medicaid  
   Medicare
   Other

ref.
0.97 (0.63-1.51)
1.26 (0.81-1.95)
0.34 (0.04-2.82)

ref.
.89
.31
.32

Preexisting hypertension 4.25 (2.75-6.56) <.001

APR-DRG weight 1.13 (1.07-1.20) <.001

Inpatient length of stay 1.02 (1.01-1.03) <.001

aExposure dichotomized to pre- and postintervention time periods. Model adjusts for age, 
sex, race, ethnicity, primary language, insurance status, preexisting HTN, length of stay, and 
APR-DRG weight.

Abbreviation: APR-DRG, all patient refined diagnosis related-groups; HTN, hypertension.
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tight BP control may be warranted, we were able to study a 
more critically ill patient population. We were also able to de-
scribe which baseline patient characteristics convey higher ad-
justed odds of receiving treatment, such as preexisting HTN, 
younger age, illness severity, and black race.

Perhaps most significantly, our study is the first to demon-
strate an effective QI intervention aimed at reducing unnec-
essary utilization of IV antihypertensives. We found that this 
can feasibly be accomplished through a combination of ed-
ucational efforts and systems changes, which could easily be 
replicated at other institutions. While the absolute reduction 
in the number of patients receiving treatment was modest, if 
these findings were to be widely accepted and resulted in a 
wide-spread change in culture, there would be a potential for 
greater impact. 

Despite the reduction in the proportion of patients receiving 
IV antihypertensive medications, we found no change in the 
median SBP compared with the baseline period, which seems 
to support that the intervention was well tolerated. We also 
found no difference in the number of ICU transfers, rapid re-
sponse calls, and cardiopulmonary arrests between groups. 

While these findings are both reassuring, it is impossible to 
draw definitive conclusions about safety given the small ab-
solute number of patients having received treatment in each 
group. Fortunately, current guidelines and literature support 
the safety of such an intervention, as there is no existing ev-
idence to suggest that failing to rapidly lower BP among as-
ymptomatic patients is potentially harmful.11

There are several limitations to our study. First, by utilizing 
a large electronic dataset, the quality of our analyses was reli-
ant on the accuracy of the recorded EHR data. Second, in the 
absence of a controlled trial or control group, we cannot say 
definitively that our QI initiative was the direct cause of the 
improved rates of IV antihypertensive utilization, though the 
effect did persist after adjusting for baseline characteristics in 
patient-level models. Third, our follow-up period was relatively 
short, with fewer than half as many patients as in the preinter-
vention period. This is an important limitation, since the im-
pact of QI interventions often diminishes over time. We plan 
to continually monitor IV antihypertensive use, feed those data 
back to our group, and revitalize educational efforts should 
rates begin to rise. Fourth, we were unable to directly measure 

TABLE 3. Treatment Characteristics, Response to Treatment, and Outcomes Compared between Pre- and 
Postintervention Periods

Treatment Characteristics

Baseline Period Postintervention

P Valuen = 597 doses n = 196 doses

Choice of medication, n (%) 
   Hydralazine
   Labetalol

380 (64%)
217 (36%)

97 (50%)
99 (50%)

<.001

Hour of medication administration, n (%)
   Daytime (9AM – 5PM)
   Cross-cover (5PM – 9AM)

185 (31%)
412 (69%)

72 (37%)
124 (63%)

.14

Pre-treatment SBP, n (%)
   <180 mmHg
   180-199 mmHg
   >200 mmHg

170 (29%)
281 (47%)
146 (24%)

62 (32%)
79 (40%)
55 (28%)

.40

.10

.31

Medication Effects n = 597 doses n = 196 doses

Median SBP, mmHg (IQR)
   Pre-treatment
   Post-treatment

187 (177-199)
165 (150-185)

186 (175-203)
171 (154-186)

.45

.18

Magnitude of blood pressure decrease, n (%)
   SBP decreased <10%
   SBP decreased 10-25%
   SBP decreased >25%

186 (48%)
223 (38%)
79 (14%)

61 (41%)
67 (45%)
20 (14%)

.99

.42

.27

Outcomes n = 2,306 patients n = 934 patients

Receipt of IV antihypertensive, n (%) 251 (11%) 70 (7%) .003

Balancing outcomes, n (%)
   Rapid response calls
   ICU transfers
   Code blue

294 (12%)
188 (8%)

17 (0.74%)

114 (11%)
81 (9%)

9 (0.96%)

.72

.65

.51

Abbreviations: ICU, intensive care unit; IV, intravenous; SBP, systolic blood pressure.
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which patients had true end-organ injury and instead used or-
ders placed around the time of medication administration as a 
surrogate marker. While this is an imperfect measure, we feel 
that in cases where a provider was concerned enough to even 
test for end-organ injury, the use of IV antihypertensives was 
likely justified and was therefore appropriately excluded from 
the analysis. Lastly, we were limited in our ability to describe 
associations with true clinical outcomes, such as stroke or myo-
cardial infarction, which could theoretically be propagated by 
either the use or the avoidance of IV antihypertensive medica-
tions. Fortunately, based on clinical guidelines and existing evi-
dence, there is no reason to believe that reducing IV antihyper-
tensive use would result in increased rates of these outcomes.

Our study reaffirms the fact that overutilization of IV anti-

hypertensive medications among asymptomatic hospitalized 
patients is pervasive across hospital systems. This represents 
a potential target for a concerted change in culture, which we 
have demonstrated can be feasibly accomplished through ed-
ucation and systems changes.
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