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ABSTRACT

Background: Hypertensive crises, including emergent or urgent hypertension, are rare
but life-threatening complications of uncontrolled hypertension. Hydralazine is one of several
antihypertensive medications available for treatment of hypertensive crises. Major United States
guidelines on hypertension recommend conservative use of hydralazine—only for situations of
preeclampsia or eclampsia with pregnancy—due to significant adverse effects and unpredictability
in the dose response.

Methods: A retrospective chart review was conducted on patients admitted to the medical
intensive care unit at University Medical Center in Lubbock, Texas, with urgent or emergent
hypertension between January 1, 2017, and June 30, 2017. Demographic information—age and
gender—and records of which antihypertensive medication(s) and route used were collected.
Systolic blood pressure before and 2 hours after hydralazine administration—and whether it
was given after an initial dose of another antihypertensive medication—was recorded. Patient
comorbidities and contraindications for use were noted.

Results: Thirty-five patients were included in this study (1 patient result was excluded from
certain calculations due to missing data). Mean age of patients was 53.4 + 12.5 years. Range
was 22—74 years. Eight patients had initial treatment with hydralazine, and 29 out of 35 patients
were given hydralazine when considering combination treatment. IV hydralazine was preferred
over PO hydralazine (23 patients vs. 6 patients). Sixteen patients had comorbidities and/or
contraindications for hydralazine use, but 12 patients received |V hydralazine and one patient
received PO hydralazine.

Conclusion: Hydralazine was not used in a guideline-directed manner in the medical
intensive care unit at our hospital. Physicians should regularly evaluate patients for the presence
or absence of end-organ damage concurrent with a blood pressure >180/120 mmHg before
considering which antihypertensive medication to use. Hydralazine should be reserved for
special situations involving pregnancy.
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INTRODUCTION hydralazine is not commonly used in Europe, it now
ties with nicardipine as the third most commonly
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(AAFP), United States Preventative Services Task
Force (USPSTF), Joint National Committee (JNC), and
the American Society for Hypertension (ASH). However,
most recently, only the 2017 ACC/AHA guidelines and
the 2003 JNC7 report have released treatment recom-
mendations specifically addressing the management of
urgent and emergent hypertension.?® The JNC7 report
broadly defines hypertensive emergency as occurring
when blood pressure is > 180/120 mmHg with the pres-
ence or indication of end-organ damage.? The 2017
ACC/AHA guidelines specifically address both emer-
gent and urgent hypertension, defining the condition as
emergent when blood pressure is > 180/120 mmHg with
confirmed end-organ damage and as urgent when blood
pressure is > 180/120 mmHg with the lack of end-organ
damage.® The management of hypertensive urgency is
often overly aggressive and should be mostly limited to
oral medications.? Parenteral treatment should be lim-
ited to cases of emergent hypertension.?

While the guidelines for parenteral treatment are
clear (only for emergent hypertension), the use of
hydralazine has increased in patients with non-emergent
hypertension in whom intra-cranial pressures and/or
cardiac status should be considered first. Hydralazine
is a potent vasodilator with rapid onset of action that
has an unpredictable effect on blood pressure and an
unpredictable dose response.®’ Excessive blood pres-
sure reductions have raised concerns about inappro-
priate hydralazine use.® Although no clinical data have
been published supporting this concern at our hospital,
IV hydralazine use in a non-guideline directed manner
occurs frequently at variance from published guide-
lines. The only recommendation for IV hydralazine use
from both the JNC7 report and the 2017 ACC/AHA
guidelines is in emergency situations during pregnancy,
such as with eclampsia or pre-eclampsia.?® This study
investigates non-guideline based hydralazine use in
our medical ICU to determine both the frequency and
clinical outcomes.

METHODS

This is a hypothesis-driven study based on retro-
spective chart review data with Institutional Review
Board approval at Texas Tech University Health Sciences
Center in Lubbock, Texas, and with administrative

review and approval by University Medical Center
(UMC) in Lubbock, Texas. Medical records were iden-
tified by a UMC Information Technology department
query. Information was collected on patients between
the ages of 18-89 who were admitted to the UMC med-
ical intensive care unit for urgent or emergent hyper-
tension between January 1, 2017, and June 30, 2017.
Patients older than 89 years or who were admitted for
non-urgent or non-emergent hypertension were not
included in this study. Basic demographic information
included age, gender, and diagnosis. The number
of patients diagnosed with either emergent or urgent
hypertension was quantified. The charts were reviewed
to determine the antihypertensive drug(s) and route
used in each patient. The choice of medication(s) and
route are then evaluated based on the 2017 ACC/AHA
guidelines and the JNC7 report to determine adher-
ence or non-adherence to guidelines. Patients who
were treated with intravenous (IV) hydralazine were
reviewed for comorbidities, including aortic aneu-
rysms, pulmonary edema, acute ischemic strokes, or
myocardial infarctions, which are considered contrain-
dications for use by some guidelines. In addition, the
differences in systolic blood pressures pre- and 2 hours
post-treatment were recorded to calculate the average
drop in systolic blood pressure and to determine the
variation in response.

REsuLTSs

The average age of 35 patients presenting to the
ICU with either urgent or emergent hypertension was
53.4 + 12.5 years (range: 22—74). Nineteen patients
(54.3%) were women, and 16 (45.7%) were men.
Emergent hypertension was present in 19 patients
(54.3%).

As shown in Table 1, out of 34 patients (1 patient
result excluded due to missing data), nicardipine was
the drug of choice for initial antihypertensive treatment in
17 patients (50.0%). Hydralazine was the second most
commonly used drug in 8 patients (23.5%), followed by
labetalol in 7 (20.6%), and metoprolol in 2 (5.9%).

As shown in Table 2, nicardipine remained the pri-
mary drug of choice for either subcategory of hyper-
tensive crises. Out of the 19 patients with emergent
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Table 1. Initial Antihypertensive Medication Use

Number of Patients | Percentage of
N=34 Patients
Nicardipine 17 50.0%
Hydralazine 8 23.5%
Labetalol 7 20.6%
Metoprolol 2 5.9%

Table 2. Initial Antihypertensive Medication Use by
Hypertensive Crisis Sub-Category

hypertension, 11 patients (57.9%) were given nicardip-
ine, 4 (21.1%) were given hydralazine, 3 (15.8%) were
given labetalol, and 1 (5.3%) was given metoprolol. Out
of the 15 patients with urgent hypertension, 6 patients
(40.0%) were given nicardipine, 4 (26.7%) were given
hydralazine, 4 (26.7%) were given labetalol, and 1
(6.7%) was given metoprolol. Hydralazine was the
second most used medication for emergent hyperten-
sion and tied for the second most used medication for
urgent hypertension with labetalol. Metoprolol was the
least administered drug for either emergent or urgent
hypertension and was given to only 1 patient in each
subcategory.

Even if other antihypertensive medications were
used as the initial treatment for either emergent or
urgent hypertension, hydralazine was subsequently
added to the treatment regimen of 29 out of the 35
patients.

IV hydralazine was more commonly administered
over PO hydralazine. Out of 35 patients, IV hydrala-
zine was given to 23 patients (65.7%) and PO hydrala-
zine to 6 patients (17.1%). Out of 19 patients with
emergent hypertension, 13 patients (68.4%) received
IV hydralazine and 3 patients (15.8%) received PO

Emergent HTN | Urgent HTN

N=19 N=15
Nicardipine, N =17 11 6

57.9% 40.0%
Hydralazine, N = 8 4 4

21.1% 26.7%
Labetalol, N =7 3 4

15.8% 26.7%
Metoprolol, N = 2 1 1

5.3% 6.7%

HTN- hypertension.

hydralazine. Out of 16 patients with urgent hyperten-
sion, 10 patients (62.5%) received IV hydralazine and
3 patients (18.8%) received PO hydralazine.

In 29 patients treated with hydralazine, the overall
mean SBPs before and after a dose of hydralazine
were 182.8 + 24.2 mmHg and 152.2 + 26.9 mmHg
(P =0.000), respectively. Due to missing data, the val-
ues for the following blood pressure changes were
calculated with 27 patients instead of 29 (Table 3). In
8 patients treated with initial dose of hydralazine, the
mean SBP before and after a repeat dose of hydrala-
zine were 202.0 + 22.3 and 164.3 + 37.2 mmHg
(P =0.002), respectively. In 6 patients with an initial
dose of labetalol, the mean SBP before and after a
dose of hydralazine were 190.5 £ 19.2 mmHg and
157.3 £ 11.8 mmHg (p = 0.003), respectively. In 13
patients treated with an initial dose on nicardipine,
the mean SBP before and after a dose of hydralazine

Table 3. Mean Difference in Systolic Blood Pressure Before and After Initial Dose of Various
Antihypertensive Medications and Subsequent Dose of Hydralazine

Initial Dose of Initial Dose of Initial Dose of
Hydralazine, N = 8 Labetalol, N = 6 Nicardipine, N =13
Systolic BP before 202.0+22.3 190.5+19.2 172.3 £ 18.6
hydralazine (mmHg)
Systolic BP after 164.3+37.2 157.3+11.8 146.7 £23.6
hydralazine (mmHg)
Paired samples test p-value 0.002 0.003 0.000
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Table 4. Clinical Contraindications for the Use of
Hydralazine

Hydralazine
CVA,N=11 11
Pulmonary edema, N =5 5
ML, N=0 0
Aortic aneurysm, N =0 0

a-number treated with drug.
CVA- cerebral vascular accident; MI- myocardial infarction.

were 172.3 + 18.6 mmHg and 146.7 mmHg + 23.6
mmHg (p = 0.000), respectively.

Sixteen patients had comorbidities, such as CVA,
MI, aortic aneurysms, and pulmonary edema, in addi-
tion to their hypertensive crisis (Table 4). Out of 34
patients (1 patient result excluded due to missing
data), 11 patients (32.4%) had CVA, and five patients
(14.7%) had pulmonary edema. Out of 34 patients,
hydralazine use was contraindicated in 16 patients
(47.1%) based on both their comorbidities and guide-
line recommendations. Hydralazine use was contrain-
dicated in all 11 patients with CVA and in all 5 patients
with pulmonary edema. IV hydralazine was used
despite being contraindicated in 12 patients, and PO
hydralazine was used despite being contraindicated
in 1 patient.

DiscussioN

The purpose of this study was to evaluate the use of
hydralazine in patients with either emergent or urgent
hypertension in the medical ICU unit of a regional
hospital in West Texas. The various antihypertensive
drugs administered, the routes of administration, and
any patient comorbidities were assessed from a retro-
spective analysis of clinical data. Hydralazine is con-
sidered a direct vasodilator; it decreases the resistance
of arterial blood vessels only, which causes an overall
decrease in peripheral resistance.® The exact mech-
anism of action of hydralazine is uncertain. A study
by Lipe et al.'® noted that the mechanism by which
hydralazine relaxes the arterial blood vessels does
not involve opposing the receptor sites for common

vasoconstrictors or the prevention of extracellular
calcium from entering the arteriolar muscle cells. A
study by Reidenberg et al.™ reported that the half-
life of IV and PO hydralazine was similar but differed
between genetically “rapid” or “slow” acetylators. For
rapid acetylators, the half-life was between 2.2-7.8
hours and for slow acetylators it was between 2.0-5.8
hours." Hydralazine does not have a strong dose-
response relationship, and, therefore, it can be difficult
to predict its overall effect on the patient’s blood pres-
sure; additionally, it can cause reflex tachycardia and
a reflex BP increase, which is counterproductive.'

This study found that hydralazine was often used in
a non-guideline directed manner and was the second
most commonly ordered antihypertensive medication
after nicardipine. Hydralazine is often over-utilized by
physicians; in one study, only 2.9% of 2,189 patients
actually qualified for rapid BP reduction with IV hydrala-
zine or other antihypertensives.''* Campbell et al.®
noted that IV hydralazine was often given for cases
of asymptomatic hypertension or before a physician
evaluated the patient for the presence of end-organ
damage first. In the Campbell study, 94 patients were
given IV hydralazine when only 4 (2%) were consid-
ered to have a hypertensive crisis by current guide-
line standards.® Using just 1 dose of hydralazine can
increase the hospital 12.0 + 15.9 days (p < 0.001),™
which leaves patients at risk for both nosocomial infec-
tions and increased financial burden.

This study has several limitations. First, the sam-
ple size was relatively small. This reflects the fact
that hypertensive crises are infrequent and occur in
approximately 1% of patients suffering with hyperten-
sion.”™ Second, the information collected depended
on information in electronic medical record which may
have been incomplete in some patients. In particu-
lar, the presence or absence of end-organ damage
was not always apparent in each patient. This would
have helped accurately classify the patients via cur-
rent U.S. guideline-based definitions of emergent or
urgent hypertension. Third, the method of systolic
blood pressure measurement was not recorded or
evaluated in this study. Blood pressure measure-
ments can be distorted by a variety of factors such as
lack of training of nurses/nurse aides, lack of repeat
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measurements with either a manual or automatic
sphygmomanometer, malfunctioning automatic sphy-
gmomanometers, patient anxiety, and even improper
positioning of the patient.'® Fourth, the pregnancy sta-
tus of the women treated was not recorded.

The main strength of our study is that it documented
that patients were being treated with hydralazine at
our medical center in the ICU despite contraindica-
tions and in a non-guideline-directed manner, e.g., via
a parenteral route for urgent hypertension. In addition,
these results demonstrate that hydralazine had a defi-
nite effect on systolic blood pressure regardless of the
initial antihypertensive medication administered to the
patient.

CONCLUSION

U.S. guideline-based treatment recommenda-
tions vary significantly based on which sub-category
of hypertensive crisis and the presence or absence
of other acute events, such as acute ischemic stroke,
aortic dissection, acute kidney injury, or acute heart
failure."”” Accurate classification of patients based
on US guideline-based definitions of emergent and
urgent hypertension would help guide treatment deci-
sions. Since hydralazine is only recommended during
aggressive blood reductions in pregnant patients,??
this study should encourage physicians to reevaluate
why/how they are using hydralazine in hypertensive
crises and to make more guideline-directed decisions.
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