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Abstract

Objective Evaluate the ease of use and tolerability of
labetalol (L) and nicardipine (N) for hypertension man-
agement in patients with acute stroke.

Methods This is a retrospective, non-randomized study.
Consecutive adults within 24 h of hospital admission who
received intravenous bolus labetalol or nicardipine infusion
as first-line antihypertensive therapy were identified.
Hemodynamic data were collected through 24 h of therapy.
Results Ninety patients received either labetalol
(N = 64) or nicardipine (N = 26) initially for blood pres-
sure (BP) management. Stroke types were 54%
intracerebral hemorrhage (ICH), 22% subarachnoid hem-
orrhage, and 23% ischemic stroke and were similar
between the two drug groups. Baseline patient character-
istics and disease severity (APACHE II and GCS) were
similar between groups. The average total daily labetalol
dose was 40 (10-340) mg and nicardipine infusion was 5
(1-14) mg/h. Initial BP was similar in the two groups. The
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nicardipine group had less BP variability (N 8.19 vs. L
10.78 mmHg; p = 0.003), fewer dosage adjustments [L 4
(1-17), N 2 (0-5); p < 0.001] and fewer additional anti-
hypertensive agents (L 33%, N 8%; p =0.013)
administered during the 24-h observation period. In
patients with ICH, 33% of nicardipine-treated patients
achieved target BP within the first 60 min versus 6% of the
L group (p = 0.02). Overall, incidence of hypotension
(SBP <90 mmHg) (L 3%; N 0%) and bradycardia
(HR < 60 beats per min) (L 20.6%; N 12%) were compa-
rable between the groups.

Conclusions Nicardipine offers an alternative to labetalol
with similar tolerability and appears to provide a smoother
blood pressure control compared to labetalol.

Keywords Blood pressure - Labetalol - Nicardipine -
Acute stroke - Intracerebral hemorrhage - Ischemic stroke -
Subarachnoid hemorrhage

Introduction

Hypertension is observed in greater than 2/3 of acute stroke
patients irrespective of their past medical history. The
initial increase in the blood pressure may be a protective
mechanism to maintain cerebral perfusion pressure (CPP)
to the brain. However, a persistently elevated blood pres-
sure may contribute to rebleeding [1], hematoma expansion
[2-5], early neurological deterioration [6], and poor out-
comes [7-9]. The management of acute hypertension
therefore is a double-edged sword because both low and
high admission blood pressure following acute ischemic
stroke (AIS) and intracerebral hemorrhage (ICH) is asso-
ciated with worsening of stroke symptoms and poor
clinical outcomes [8, 10, 11].
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Despite the lack of strong evidence guiding the man-
agement of acute hypertension in patients with
neurological injury, many physicians do treat persistently
high blood pressure. A parenteral antihypertensive agent
which can produce a predictable blood pressure dose
response while concurrently having minimal cerebral
effects is desired because autoregulation is often impaired
or lost in the area where insults occurred. In which case,
cerebral blood flow (CBF) becomes pressure dependent,
and any small change in blood pressure may have a det-
rimental effect on the perfusion of the brain. Commonly
used drugs for hypertensive emergency include: sodium
nitroprusside, labetalol, hydralazine, enalaprilat, and ni-
cardipine. However, the adverse effects on CBF,
intracranial pressure (ICP), unpredictability of blood
pressure response, or prolonged antihypertensive effect
makes sodium nitroprusside, hydralazine, and enalaprilat
less desirable antihypertensive agents during the acute
phase of neurologic injury [12—15]. Labetalol and nicar-
dipine have been recommended by the American Heart
Association and American Stroke Association (AHA/ASA)
as the initial options following acute stroke [16-18].

Labetalol is a mixed o-1 and -1 and 2-antagonist. Since
labetalol has an effect on both adrenergic receptors, it
possesses less of an effect on heart rate and cardiac output
compared to other f blockers. The onset of action of
labetalol is approximately 5—20 min while the duration of
action is between 3 and 6 h, which makes it difficult to
titrate as a continuous infusion and is commonly given as
intravenous bolus instead. The cerebrovascular effect of
labetalol is primarily drawn from healthy volunteers and
chronic hypertensive patients. In these patients, there was
no change in CBF or cerebral metabolic rate of oxygen
consumption (CMRO,) observed following administration
of labetalol indicating that labetalol has little effect on
cerebral circulation in the normal brain [19, 20].

Nicardipine, a second generation dihydropyridine cal-
cium channel blocker, has gained popularity as a parenteral
antihypertensive agent for managing hypertensive crisis in
the past decade, particularly in patients with brain injury
due to its calcium channel blockade property and high
cerebrovascular selectivity. Both experimental and human
data have indicated that nicardipine may increase CBF,
however, it has little effect on ICP while lowering blood
pressure. Powers et al. reported that both labetalol and
nicardipine effectively reduced blood pressure up to 20%
from baseline in ICH patients without compromising
cerebral autoregulation [21]. The onset of action of nicar-
dipine is within 5-10 min and it has a relatively short
duration of action (about 15 min) due to its rapid redistri-
bution [22]. In addition, the dosing of nicardipine is not
dependent on body weight. These pharmacokinetic char-
acteristics allow for a titratable intravenous infusion.

Furthermore, postoperative studies have consistently
reported the ease of administration and rapid blood pres-
sure control (within 15 min) with a nicardipine infusion
compared to other agents [12, 13].

Both labetalol and nicardipine are recommended as
initial parenteral antihypertensive agents in the setting of
acute spontaneous neurological injury [16-18, 23, 24], yet
there is a paucity of data examining the efficacy and safety
of these agents in this setting. Likewise, there is a paucity
of data concerning different methods of drug administra-
tion (i.e., bolus versus continuous infusion). We sought to
assess the utility and tolerability of these two agents in
patients with acute stroke by evaluating the degree of blood
pressure reduction, the ease of administration, and the
incidence of adverse events following the administration of
either intravenous labetalol boluses or nicardipine contin-
uous infusion.

Methods

This retrospective study was conducted at a university-
affiliated urban Level 1 trauma center. The study was
approved by the Human Investigation Committee of
Wayne State University. Patients were identified using the
neuro-ICU admission logbook cross-referenced with the
pharmacy computer database. All stroke patients including
AIS, primary ICH, and unsecured aneurysmal subarach-
noid hemorrhage (SAH), who were 18 years of age or older
and received intravenous bolus labetalol or intravenous
infusion nicardipine for initial hypertension management
were retained.

The major exclusion criteria were: patients with trauma
prompting the index admission, those who received other
antihypertensive medications prior to either labetalol or
nicardipine administration, those who were bradycardic
(heart rate <60 beats per min (bpm) on admission), pre-
sented with acute transmural myocardial ischemia, those
with a history of intracranial neoplasm and those with pre-
identified severe aortic valve stenosis. The intention of the
exclusion criteria was to create a population with neither
specific indication for one drug class versus another (i.e.,
transmural myocardial ischemia) or contraindication to
receive either one of the drugs (e.g., pre-existing brady-
cardia, severe aortic stenosis). Drug dosing, in this
retrospective observational study was completely at the
prescribing physicians’ discretion. It is our institutional
practice to use bolus labetalol instead of labetalol infusion,
as this was the recommended method for administration in
the AHA/ASA guidelines during the data collection period.

Hemodynamic data were collected for 24 h following
the first dose of labetalol or nicardipine, except in aneu-
rysmal SAH patients, where blood pressure data were
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collected until the aneurysm was secured. Other data col-
lection included: Patient demographics and medical
history, stroke subtype, Glasgow Coma Scale (GCS), and
illness severity (APACHE II). Baseline blood pressure was
evaluated at the time of hospital admission and prior to the
first dose of study medication. All available blood pressure
recordings were collected and assessed during the 24-h
study period. The hematoma size was collected in all ICH
patients and was calculated from both the initial and acute
follow-up computed tomography (CT) scans, using a
standard estimation method [25]. Hematoma size was not
calculated in patients with brainstem hemorrhage, patients
whose initial CT scan was performed at an outside refer-
ring institution, or the films were not available for review.
An increase above >33% in volume from the baseline was
considered significant hematoma expansion. We calculated
mean arterial pressure (MAP) for all patients (to eliminate
bias from physicians’ decisions to place intra-arterial
pressure monitors) using the standard formula: MAP =
(DBP*2 + SBP)/3.

The primary outcome included the degree of MAP
reduction following study medications and the variability
of blood pressure over the study period. Secondary out-
comes were to assess (1) the compliance of current AHA/
ASA guidelines [16—18, 26]; (2) the ease of administration;
and (3) any adverse events that occurred during the study
period. (1) The initial blood pressure prior to the study
medication was used to assess the compliance to AHA/
ASA guidelines. For AIS patients who are not eligible for
thrombolytic therapy, the appropriate trigger to treat is
when SBP > 220 or DBP > 120 mmHg. In patients who
are eligible for thrombolytic therapy, treatment is war-
ranted when SBP > 185 or DBP > 110 mmHg. The goal
blood pressure is to maintain SBP < 180 mmHg or
DBP < 105 mmHg in patients who received thrombolytic
therapy, or a 10—15% reduction from the baseline MAP in
non-thrombolytic eligible AIS patients [17]. In primary
ICH patients, the antihypertensive regimen is suggested to
be used in patients with MAP > 130 mmHg, with a goal
blood pressure reduction of 10-15% from baseline MAP
[16]. For patients with unsecured aneurysmal SAH, the
consensus at our institution is to treat SBP > 160 mmHg
and keep blood pressure below this threshold [1, 26]. (2)
The ease of administration was assessed by the number of
dosage adjustments defined as extra boluses of labetalol or
increases in the infusion rate of nicardipine, and the
necessity for additional antihypertensive agents used dur-
ing the study period. (3) Safety measures included the
incidence of hypotension, defined as SBP < 90 mmHg, and
bradycardia, defined as heart rate <60 bpm.

For continuous variables, group means were compared
using a student’s z-test for normally distributed data, and
Mann—Whitney U test for non-parametric data. For

dichotomous variables, groups were compared using
Pearson’s chi-square or Fisher’s exact tests. Since the
number of time points for blood pressure readings dif-
fered across individuals, hierarchical linear modeling
(HLM) was used to assess changes in MAP across time.
Control variables for the HLM analyses included gender,
race, age, admission, and immediate pre-treatment MAP,
GCS, APACHE II, past medical history of hypertension,
and stroke subtype. A p-value of 0.05 was used for
statistical significance. Prism4 for Macintosh (version
4.0b, graphpad software, Inc., San Diego, CA), SPSS
(version 14.0.0 SPSS, Inc., Chicago, IL) and HLM for
Windows (version 6.02, Scientific Software International,
Chicago, IL) were used for graphics and statistical
analyses.

Results
Patient Characteristics

A total of 197 patients admitted to the Neurosciences ICU
were identified as having received either labetalol or ni-
cardipine for hypertension over the study period. After
applying exclusion criteria, 90 patients who received these
agents as initial therapy were included in the final analysis
(Fig. 1). About 64 patients received intravenous bolus
labetalol and 26 patients received intravenous infusion ni-
cardipine. Demographic data was similar between the two
groups except for age (Table 1). Patients who received
labetalol were slightly older than those in the nicardipine
group (L 61 £12 vs. N 55+ 10 years, p = 0.02).
Severity of illness was similar between the two groups, as
evidenced by the admission APACHE II score (L 15 + 7
vs. N 17 £ 8) and GCS (L 11 £4 vs. N 10 £ 5). The

197 Patients admitted
to the NeurolCU for
stroke and treated for
hypertension

50 patients did not receive study
medication

10 patients received other
antihypertensive as the first line

25 patients non-stroke diagnosis

6 patients with ICU length of stay < 24
hours

16 patients incomplete information in

Excluded

the chart
90 Patients included
Labetalol Nicardipine
N=64 N=26

Fig. 1 Study cohort diagram
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Table 1 Demographic data

Variable Labetalol Nicardipine p
(n = 64) (n = 26)
Age (years) 61 £ 12 55 £ 10 0.02
Gender, n (%) 0.55
Female 35 (54.7%) 16 (61.5%)
Ethnicity, n (%) 0.52
African-American 42 (65.6%) 20 (76.9%)
Caucasian 18 (28.1%) 4 (15.4%)
Others* 4 (6.3%) 2 (7.7%)
APACHE 11 15+7 17+ 8 0.49
GCS 11 +4 10£5 0.85
Heart rate (bpm) 81 + 11 86 + 15 0.11
Stroke subtype, n (%) 0.84
ICH 34 (53%) 15 (58%)
SAH 14 (22%) 6 (23%)
AIS 16 (25%) 5 (19%)
Selected family history®, n (%)
Stroke/TIA 2 (5%) 4 (21%) 0.08
Hypertension 17 (43%) 7 (37%) 0.78
Selected past medical history®, n (%)
Stroke/TIA 14 (23%) 7 (28%) 0.78
Hypertension 48 (79%) 19 (76%) 0.78
Baseline blood pressure (mmHg)
On admission
SBP 185 £ 30 191 £+ 37 0.44
DBP 98 + 25 93 + 25 0.43
MAP 127 £ 24 125 + 28 0.73
Prior to first dose
SBP 193 £+ 24 196 £ 33 0.69
DBP 101 £ 22 90 + 17 0.02
MAP 131 £ 20 126 £ 20 0.21

GCS: Glasgow coma scale; bpm: beats per min; ICH: intracerebral
hemorrhage; AIS: acute ischemic stroke; SAH: subarachnoid hem-
orrhage; TIA: transient ischemic attack; SBP: systolic blood pressure;
DBP: diastolic blood pressure; MAP: mean arterial pressure

* Others include Hispanics, Indians, and Middle Easterners
® Labetalol n = 40; Nicardipine n = 19
¢ Labetalol n = 61; Nicardipine n = 25

Data presented as mean + standard deviation unless otherwise noted

majority of patients (54%) included in the analysis expe-
rienced a primary ICH (Table 1). Over 70% of study
patients had a past medical history of hypertension at the
time of admission. In addition, about 1/3 of patients in each
study arm had experienced either transient ischemic attack
or stroke prior to this admission. Blood pressure (SBP,
DBP, and MAP) at admission and immediately prior to
study medication administration were comparable between
the two groups (Table 1).

Overall Blood Pressure Response

The degree of MAP reduction and variability of blood
pressure after study drugs during the 24-h study period
were evaluated. Four of the subjects were missing data on
past medical history of hypertension. These subjects were
removed from the HLM analyses; a total of 1464 blood
pressure recordings from the remaining 86 subjects were
analyzed. The number of blood pressure recordings per
subject during the study period ranged from 2 to 27 with
median of 18.

In order to assess the change in MAP across the time
following drug administration, a two level HLM was used
(Table 2). Interpreting the results of a HLM analysis is
similar to interpreting results from a multiple regression.
The first level of the model was used to determine signif-
icant predictors of the linear change in MAP across time
for each subject, which included baseline MAP and race. In
the second level of the model, the prediction of the change
in blood pressure across time was evaluated. Overall, in
patients who received study medications, the MAP signif-
icantly dropped 0.007 mmHg/min or 0.40 mmHg/h
(p = 0.001). Baseline MAP was significantly related to the
degree of drop in blood pressure across time (p = 0.003).
The higher the baseline MAP the greater the decrease in
blood pressure across time. For each 1 mmHg increase in
baseline MAP the MAP across time decreased with an
additional 0.0003 mmHg/min or 0.02 mmHg/h. Lastly, the
difference in MAP changes across time between the two
drug groups was not different after controlling for race and
baseline MAP (p = 0.846).

Based on the HLM analyses of change in MAP across
the first 24 h of drug administration, the standard error in
MAP around the estimated linear change for each patient
was computed. This is an estimate of the variability in
MAP during the 24-h study period. When comparing the
variability between the two drug groups, a weighted least
squares regression was performed, where the outcome was
the standard error around the line for each patient, the
weight was the number of time points, and the predictor
was drug group. The nicardipine group had a significantly
lower amount of variability [F (1, 84) = 9.04, p = 0.003]
during the study period. The average variability for the
labetalol group was 10.78 mmHg and the average vari-
ability for the nicardipine group was 8.19 mmHg. This
variability in blood pressure can be further visualized in
Fig. 2a and b, which the hourly MAP over 24-h study
period was more tightly controlled in the nicardipine group
compared to the labetalol group.

Immediate response in MAP within 30-min of drug
administration was also evaluated for all study participants.
Due to the retrospective design of this study, not all
patients had blood pressure readings within 30 min of drug
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Table 2 Hierarchical linear modeling analyses assessing the change across time in MAP
Fixed Effect Coefficient Standard error t ratio Approx d.f. p value
First level model
MAP at 30 Min® 110.12 242 45.46 82 <0.001
Baseline MAP® 0.37 0.07 5.28 82 <0.001
Race® 6.66 2.70 2.47 82 0.016
Drug Group? —4.73 3.14 —1.41 82 0.136
Second level model
Change across time®
Intercept —0.007 0.002 —3.45 83 0.001
Baseline MAP” —0.0003 0.00008 -3.11 83 0.003
Drug group* 0.001 0.003 0.20 83 0.846

MAP: mean arterial pressure; d.f.: degree of freedom

 Intercept (estimated MAP at 30 min) is allowed to vary across patients

® Baseline MAP is Grand Mean Centered
¢ Race is coded as 1 for African-Americans and O for all other Races
4 Drug Group is coded as 0 for Labetalol and 1 for Nicardipine

¢ Slope across time is allowed to vary across patients

administration. Of the 64 labetalol patients, 30 min data
was collected for 40 patients, and of the 26 nicadipine
patients, data was collected for six patients. However,
multiple blood pressure recordings were collected in these
patients ranging from 1 to 10 per patient with a median of
2. Based on the HLM analyses, MAP significantly dropped
by 12 mmHg within 30 min of drug administration for both
groups (f = —6.69, df = 45, p < 0.001). Similarly, overall
percent change in MAP after drug administration was
significant (mean = —9.05%, = —6.697, df =45, p
< 0.001). The amount of MAP change and percent MAP
change following treatment was unrelated to drug group
(t=—-139,df =44,p =0.173 and r = —1.168, df = 44,
p = 0.249 respectively). The average first dose given was
10 (5—40) mg for labetalol and 5 (1-15) mg/h for nicar-
dipine. The highest total dose of labetalol used was 340 mg
(average 40 mg) and the highest nicardipine infusion rate
was 15 mg/h (average 5 mg/h) during the 24-h study
period.

Secondary and Clinical Outcomes

The ease of administration was evaluated by the need for
dosage adjustments and additional antihypertensive agents
used. Labetalol treated patients required significantly more
dosage adjustments and additional antihypertensive agents
(Table 3). The most commonly used secondary antihy-
pertensive agent was hydralazine in both groups, followed
by enalaprilat in the labetalol-treated group and clonidine
in the nicardipine treated group.
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Fig. 2 Hourly MAP over 24 h. Hourly MAP for labetalol (a) and
nicardipine (b) treated patients is graphed over 24 h (labetalol 64
patients; nicardipine 26 patients). MAP at hour 0 was recorded prior
to the study medication
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Table 3 Secondary outcomes

Table 4 Clinical outcomes

Variables Labetalol ~ Nicardipine p
(n = 64) (n = 26)

Dosage adjustments 4 (1-17) 2 (0-5) <0.001
Additional agents, n (%) 21 (33%) 2 (8%) 0.013
Guideline adherence rate, n (%) NS

AIS non-rtpa® 3 (33%) 1 (25%)

ICH® 25 (74%) 10 (67%)
HR < 60 bpm, n (%) 13 (20.6%) 3 (12%) NS
SBP < 90 mmHg, n (%) 2 (3%) 0 (0%) NS

rtpa: recombinant tissue plasminogen activator; bpm: beats per min-
ute; SBP: systolic blood pressure

# Patients in AIS non-rtpa: labetalol n = 9, nicardipine n = 4
® Patients in ICH: labetalol n = 34, nicardipine n = 15
Data presented as median (range) unless otherwise noted

The adherence rate to current practice guidelines defined
as the threshold of initiation of antihypertensive therapy
was assessed in each stroke subtype (Table 3). Patients
with hemorrhagic stroke (ICH and SAH) were treated
appropriately in more than 70% of the patient population.
Patients with ischemic stroke were examined in two
groups: thrombolytic (» = 8) and nonthrombolytic patients
(n = 13). Blood pressure treatment was initiated appro-
priately in all patients who received thrombolytic therapy.
The poorest adherence rate was observed in nonthrombo-
Iytic patients, where the treatment was initiated
appropriately in 33% of labetalol treated patients and 25%
of nicardipine treated patients. The majority of these
patients received antihypertensive therapy at a lower
threshold than that is recommended by the AHA/ASA
Stroke Council. There was no significant difference in the
incidence of adverse events between the two groups. Two
patients who received labetalol experienced an episode of
SBP < 90 mmHg while there was no incident of hypo-
tension in the nicardipine group. The incidence of heart
rate below 60 bpm during the study period was comparable
between the two groups (L 20.6%, N 12%). Table 4 sum-
marized clinical outcomes including intensive care and
hospital length of stay, and patients’ disposition at
discharge.

The characteristics of patients with ICH and the hema-
toma volume progression following the treatment are
described in Table 5. Twenty-eight patients who received
labetalol and nine patients who received nicardipine had a
baseline hematoma volume available. The average baseline
hematoma volume was 16.5 ml and 16.0 ml, respectively.
Of these patients, 19 patients in the labetalol group and five
patients in the nicardipine group had a repeated CT scan of
the brain. Six patients in the labetalol arm and two patients

Variables Labetalol Nicardipine
Hematoma volume expansion®, n (%) 6 (17.6%) 2 (13.3%)
Hemorrhagic Transformation®, n (%) 2 (13%) 1 (20%)
GOS at discharge 3 (1-5) 3 (1-5)
ICU LOS 4.5 (1-67) 8 (1-52)
Hospital LOS 7 (1-67) 8 (1-52)
Disposition, n (%)

Home 13 (20.3%) 6 (23.1%)

Expired 15 (23.4%) 8 (30.8%)

GOS: Glasgow outcome score; ICU: Intensive care unit; LOS: Length
of stay

4 All patients with intracerebral hemorrhage: labetalol n = 34; ni-
cardipine n = 15

b All patients with ischemic stroke: labetalol n = 16; nicardipine
n = 5; all labetalol treated patients with hemorrhagic transformation
received rtpa while the nicardipine treated patient with hemorrhagic
transformation did not receive rtpa

Data presented as median (range) unless otherwise noted. There was
no significant difference in any findings

in the nicardipine arm experienced hematoma expansion
(>33% increase in volume compared to the baseline). The
presence of intraventricular hemorrhage and disposition of
these patients are detailed in Table 5.

Discussion

This naturalistic evaluation is the first study to describe
blood pressure effect of two commonly used antihyper-
tensive agents, nicardipine, and labetalol, in patients with
acute stroke in the clinical setting. There was no difference
in overall blood pressure response following treatment,
however, significantly less variability in blood pressure
response was observed in nicardipine treated patients. In
addition, patients who received nicardipine required less
dosage adjustments and additional antihypertensive agents
compared with labetalol-treated patients. Both treatments
were well tolerated and no significant adverse effects were
observed with either agent. The results suggest that nicar-
dipine is as effective and safe as labetalol for acute blood
pressure control immediately following a stroke but may be
associated with easier administration.

Blood Pressure Management following Acute Stroke
Previous studies demonstrated that nicardipine was more

effective compared to nitroprusside and as effective as
labetalol in controlling postoperative hypertension [12, 13,
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Table 5 Hematoma expansion in ICH patients
Pt ID Drug Baseline MAP Baseline GCS Vol. 1 (ml) Presence of IVH Day(s) of f/u® Vol. 2 (ml) HE GOS®
(mmHg)

L 129 3 7.6 No 1 74 No 1

L 117 14 29 No 1 344 No 3

L 113 7 20.5 No 1 67.3 Yes 1
13 L 111 13 3.1 Yes 5 3.6 No 3
16 L 134 10 7.9 Yes 10 8.5 No 3
21 L 114 14 9.5 No 1 11.4 Yes 4
30 L 122 15 8.8 Yes 7 9.5 No 3
37 L 116 15 0.3 No 1 1.5 Yes 3
39 L 132 15 8.3 No 2 5.1 No 4
47 L 170 11 4.1 Yes 7 4.4 No 3
61 L 129 12 35 No <1 4.5 No 3
62 L 134 10 22 Yes 9 45 Yes 3
74 L 146 15 6.6 No 2 11.3 Yes 2
76 L 140 6 46.8 No 2 40.5 No 2
80 L 162 4 44.4 Yes 4 39.7 No 3
93 L 186 15 16.3 No 13 15.8 No 5
96 L 125 13 2.0 Yes 8 16.9 Yes 3
100 L 119 15 3.7 No 3 4.7 No 4
101 L 147 15 5.5 Yes 3 4.5 No 4
28 N 145 3 27 Yes 1 50.9 Yes 1
34 N 97 12 24.8 No 1 23.3 No 3
38 N 105 15 9.8 No 2 8.4 No 3
84 N 168 14 32 Yes <1 21 Yes 1
95 N 121 5 29 Yes 2 15.0 No 3

ICH: intracerebral hemorrhage; MAP: mean arterial pressure; GCS: Glasgow coma scale; Vol: volume; IVH: intraventricular hemorrhage; f/u:
follow up; HE: hematoma expansion; GOS: Glasgow outcome scale; L: labetalol; N: nicardipine

? Time interval in days between the first and second computed tomographic scan

b Glasgow outcome scale score determined at discharge

21]. Halpern et al. reported that postoperative hypertension
was controlled more rapidly with nicardipine compared to
nitroprusside (14 £ 1 vs. 30.4 £ 3.5 min; p = .0029,
respectively) [12]. In addition, nicardipine-treated patients
required significantly less dosage adjustments to achieve
the target blood pressure than nitroprusside treated patients.
Similarly, Dorman et al. demonstrated that nicardipine was
associated with rapid blood pressure control (within the
first 10 min), less variability in blood pressure, and less
additional hypertensive agents compared to nitroprusside
postoperatively following carotid endarterectomy [13].
Findings from our study are similar to others in that
nicardipine provided less variability in blood pressure over
time (p = 0.003) and a more consistent blood pressure
control by requiring less dosage adjustments and the need
for additional antihypertensive agents (Tables 2 and 3, and
Fig. 2). This may be clinically significant in patients with
acute stroke because large fluctuations in blood pressure
can negatively affect cerebral perfusion. Current guidelines

support a narrow therapeutic target of blood pressure
reduction during the acute phase of stroke [16—18], there-
fore, an agent which can provide a controlled blood
pressure lowering effect is desirable. In addition, a pre-
dictable dose response with few dosage adjustments may
result in less monitoring and nursing time. Although there
may be confounding factors contributing to the frequency
of titration and other antihypertensive agents given (i.e.,
route of administration), this study is a naturalistic study
representing daily clinical practice.

Blood Pressure and Clinical Outcomes

Since over half of our cohort consisted of ICH patients, we
evaluated the blood pressure response and clinical out-
comes specific to this population (data not shown). Similar
to a recently reported tolerability study by Qureshi and
colleagues, the variability in blood pressure following
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nicardipine treatment was small [27]. In the tolerability
study, authors also observed a high success rate (86%) in
achieving target blood pressure for patients with primary
ICH without any complications [27]. Only two patients
required withdrawal of therapy because of hypotension and
excessive tachycardia. In our cohort, 60% of nicardipine-
treated ICH patients achieved the goal blood pressure
within 24 h compared to 59% of labetalol-treated patients.
However, significantly more patients who received nicar-
dipine (33%) achieved targeted blood pressure within the
first 60 min after initiation of the therapy compared to
labetalol treated patients (6%) (p = 0.02).

Data from our study along with postoperative data and
results presented by Qureshi et al. collectively suggest that
nicardipine may provide a rapid blood pressure control
with low variability, which may be important in slowing
disease progression in ICH patients [27]. Radiologic stud-
ies have demonstrated that hematoma expansion most
frequently occurs 1-6 h following the initial ictus [28, 29].
Of those, 26% of patients rebled within the first 1 h and
36% of patients rebled within the first 3 h [28, 29]. Early
hematoma growth is an independent risk factor for neuro-
logic deterioration and high mortality, and is directly
associated with an elevated admission SBP [2-5]. There-
fore, early control of elevated blood pressure may reduce
the incidence of hematoma growth and improve clinical
outcomes. In previous postoperative studies, target blood
pressure was achieved within 15 min of nicardipine
administration [12, 13]. In the current study, 33% nicar-
dipine patients vs. 6% labetalol patients achieved target
blood pressure within the first 60 min. Hematoma expan-
sion on repeated CT scan was observed in 17.6% labetalol
group and 13.3% nicardipine group. Our sample size is too
small to perform meaningful comparison between the two
groups, however, the incidence of hematoma expansion
observed in our study is similar to what was reported by
Qureshi et al. Due to the retrospective nature of the study,
we were not able to determine any relationship between
blood pressure and hematoma expansion.

Tolerability of Antihypertensive Therapy

During the study period, both labetalol and nicardipine
were well tolerated by patients with acute stroke. There
was no significant difference in the incidence of brady-
cardia or hypotension. A poor adherence rate to AHA/ASA
guidelines was described in our study particularly in
patients with ischemic stroke who did not qualify for
intravenous thrombolytic therapy. Our physicians tend to
treat these patients at a lower threshold than suggested by
the AHA Stroke Council. This observation further sug-
gested the lack of consistency in managing blood pressure

in patients with acute stroke and the need for further
institutional educational programs. While hemorrhagic
transformation, length of stay, and disposition are impor-
tant outcome indicators, a large sample size is needed to
determine any statistical significance because there are
many confounding variables that affect these outcomes.

Limitations of the Study

There are limitations to the interpretation of these results
because of the nature of the retrospective design. One of
the significant findings from our study is that there was less
variability in blood pressure in the nicardipine group
compared to the labetalol group. One possible contributing
factor to this variability may be the method of drug
administration (bolus for labetalol and infusion for nicar-
dipine) rather than the pharmacology of the drug itself.
This is an important consideration for agent selection as
many institutions do not use labetalol infusion routinely,
and available guidelines for practice suggest using one or
two pulse doses of labetalol in this setting [17, 18]. Clearly,
drug choice and administration are individual decisions
often additionally influenced by local institutional treat-
ment paradigms, and dosing strategy aggressiveness may
be affected by experience with a given drug. These issues
need to be addressed in prospective studies.

Another limitation of this retrospective study is assess-
ing the precise time to achieve therapeutic goal (as we used
time blocks for this non-continuously available variable,)
but this should not affect the absolute number of patients
who achieved target blood pressure. Other limitations
include small sample size and heterogeneity of the patient
population. As an example of the sample size issue, likely
rare events, such as the lack of difference in proportions of
patients having symptomatic hypotension may be different
in a prospective larger study. Regarding the issue of het-
erogeneity of the population: Stroke is a clinical diagnosis
with a common threshold in all-available published
guidelines for the consideration of pharmacological blood
pressure management (SBP > 220, MAP > 130 mmHg).
The issue of reactive hypertension, while variable in its
penetration of the population of patients with stroke, in
general, likely has a common cerebral mechanism; there-
fore, it is reasonable to group these patients together. The
subgroup analysis of an enriched population of ICH
patients was planned a priori.

Lastly, this study assessed short-term outcomes related to
practice variation within the framework of currently pub-
lished guidelines; it was not the intent of this investigation
to assess long-term outcomes with blood pressure lowering,
which is best left for future prospective evaluation. When
evaluating ICU length of stay, patients who were treated
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with nicardipine appeared to have a longer length of stay in
our cohort. This finding will need to be further assessed in a
prospective study that has balanced treatment groups and
that will assess when the patients actually qualify for dis-
charge compared to actual discharge date. Since this study
was retrospective we could not accurately assess the time
the patient qualified for ICU discharge and the difference
we observed may be related to unequal numbers in the
treatment groups. However this study does represent the
application of these agents in clinical practice and provides
an evaluation of expected outcomes when used outside the
rigors of a randomized controlled trial.

Conclusion

The findings from this study suggest that nicardipine
appears to be a viable alternative to labetalol in patients
with acute stroke. There is a trend toward less variability in
blood pressure response following nicardipine compared to
labetalol with similar tolerability. However, we do recog-
nize that differences in administration methods (labetalol
bolus and nicardipine infusion) may have contributed to
these results. A prospective study is warranted to further
delineate the effects of these agents on definite clinical
endpoints such as hematoma expansion and neurologic
deterioration.

Acknowledgment Financial disclosure: Drs. Coplin and Rhoney
are on the speakers’ bureau for, and receive research support from
PDL BioPharma.

References

1. Ohkuma H, Tsurutani H, Suzuki S. Incidence and significance of
early aneurysmal rebleeding before neurosurgical or neurological
management. Stroke 2001;32(5):1176-80.

2. Ohwaki K, Yano E, Nagashima H, Hirata M, Nakagomi T,
Tamura A. Blood pressure management in acute intracerebral
hemorrhage: relationship between elevated blood pressure and
hematoma enlargement. Stroke 2004;35(6):1364-7.

3. Zazulia AR, Diringer MN, Derdeyn CP, Powers WJ. Progression
of mass effect after intracerebral hemorrhage. Stroke 1999;30(6):
1167-73.

4. Kazui S, Minematsu K, Yamamoto H, Sawada T, Yamaguchi T.
Predisposing factors to enlargement of spontaneous intracerebral
hematoma. Stroke 1997;28(12):2370-5.

5. Fujii Y, Takeuchi S, Sasaki O, Minakawa T, Tanaka R. Multi-
variate analysis of predictors of hematoma enlargement in
spontaneous intracerebral hemorrhage. Stroke 1998;29(6):1160-
6.

6. Leira R, Davalos A, Silva Y, et al. Early neurologic deterioration
in intracerebral hemorrhage: predictors and associated factors.
Neurology 2004;63(3):461-7.

7. Dandapani BK, Suzuki S, Kelley RE, Reyes-Iglesias Y, Duncan
RC. Relation between blood pressure and outcome in intracere-
bral hemorrhage. Stroke 1995;26(1):21-4.

10.

11.

12.

13.

14.

15.

16.

18.

19.

20.

21.

22.

23.

24.

. Leonardi-Bee J, Bath PM, Phillips SJ, Sandercock PA. Blood

pressure and clinical outcomes in the International Stroke Trial.
Stroke 2002;33(5):1315-20.

. Castillo J, Leira R, Garcia MM, Serena J, Blanco M, Davalos A.

Blood pressure decrease during the acute phase of ischemic
stroke is associated with brain injury and poor stroke outcome.
Stroke 2004;35(2):520-6.

Okumura K, Ohya Y, Maehara A, Wakugami K, Iseki K, Ta-
kishita S. Effects of blood pressure levels on case fatality after
acute stroke. J Hypertens 2005;23(6):1217-23.

Willmot M, Leonardi-Bee J, Bath PM. High blood pressure in
acute stroke and subsequent outcome: a systematic review.
Hypertension 2004;43(1):18-24.

Halpern NA, Goldberg M, Neely C, et al. Postoperative hyper-
tension: a multicenter, prospective, randomized comparison
between intravenous nicardipine and sodium nitroprusside. Crit
Care Med 1992;20(12):1637-43.

Dorman T, Thompson DA, Breslow MJ, Lipsett PA, Rosenfeld
BA. Nicardipine versus nitroprusside for breakthrough hyper-
tension following carotid endarterectomy. J Clin Anesth
2001;13(1):16-9.

O’Malley K, Segal JL, Israili ZH, Boles M, McNay JL, Dayton
PG. Duration of hydralazine action in hypertension. Clin Phar-
macol Ther 1975;18(5 Pt 1):581-6.

James DJ, Bedford RF. Hydralazine for controlled hypotension
during neurosurgical operations. Anesth Analg 1982;61(12):1016—
9.

Broderick JP, Adams HP Jr, Barsan W, et al. Guidelines for the
management of spontaneous intracerebral hemorrhage: A state-
ment for healthcare professionals from a special writing group of
the Stroke Council, American Heart Association. Stroke
1999;30(4):905-15.

. Adams HP Jr., Adams RJ, Brott T, et al. Guidelines for the early

management of patients with ischemic stroke: A scientific state-
ment from the Stroke Council of the American Stroke
Association. Stroke 2003;34(4):1056-83.

Adams HP Jr., del Zoppo G, Alberts MJ, et al. Guidelines for the
early management of adults with ischemic stroke: a guideline
from the American Heart Association/American Stroke Associa-
tion Stroke Council, Clinical Cardiology Council, Cardiovascular
Radiology and Intervention Council, and the Atherosclerotic
Peripheral Vascular Disease and Quality of Care Outcomes in
Research Interdisciplinary Working Groups: the American
Academy of Neurology affirms the value of this guideline as an
educational tool for neurologists. Stroke 2007;38(5):1655-711.
Griffith DN, James IM, Newbury PA, Woollard ML. The effect
of beta-adrenergic receptor blocking drugs on cerebral blood
flow. Br J Clin Pharmacol 1979;7(5):491-4.

Olsen KS, Svendsen LB, Larsen FS, Paulson OB. Effect of
labetalol on cerebral blood flow, oxygen metabolism and
autoregulation in healthy humans. Br J Anaesth 1995;75(1):51—
4.

Powers WJ, Zazulia AR, Videen TO, et al. Autoregulation of
cerebral blood flow surrounding acute (6 to 22 hours) intracere-
bral hemorrhage. Neurology 2001;57(1):18-24.

Haas CE, LeBlanc JM. Acute postoperative hypertension: a
review of therapeutic options. Am J Health Syst Pharm
2004;61(16):1661-73; quiz 1674-5.

Varon J, Marik PE. The diagnosis and management of hyper-
tensive crises. Chest 2000;118(1):214-27.

Steiner T, Kaste M, Forsting M, et al. Recommendations for the
management of intracranial haemorrhage—part I: spontaneous
intracerebral haemorrhage. The European Stroke Initiative
Writing Committee and the Writing Committee for the EUSI
Executive Committee. Cerebrovasc Dis 2006;22(4):294-316.



176

Neurocrit Care (2008) 9:167-176

25. Broderick JP, Brott TG, Duldner JE, Tomsick T, Huster G.
Volume of intracerebral hemorrhage. A powerful and easy-to-use
predictor of 30-day mortality. Stroke 1993;24(7):987-93.

26. Rose JC, Mayer SA. Optimizing blood pressure in neurological
emergencies. Neurocrit Care 2004;1(3):287-99.

27. Qureshi Al, Harris-Lane P, Kirmani JF, et al. Treatment of acute
hypertension in patients with intracerebral hemorrhage using

28.

29.

American Heart Association guidelines. Crit Care Med
2006;34(1):1975-80.

Kazui S, Naritomi H, Yamamoto H, Sawada T, Yamaguchi T.
Enlargement of spontaneous intracerebral hemorrhage. Incidence
and time course Stroke 1996;27(10):1783-7.

Brott T, Broderick J, Kothari R, et al. Early hemorrhage growth
in patients with intracerebral hemorrhage. Stroke 1997;28(1):1-5.



	A Comparison of Nicardipine and Labetalol for Acute Hypertension Management Following Stroke
	Abstract
	Objective
	Methods
	Results
	Conclusions

	Introduction
	Methods
	Results
	Patient Characteristics
	Overall Blood Pressure Response
	Secondary and Clinical Outcomes

	Discussion
	Blood Pressure Management following Acute Stroke
	Blood Pressure and Clinical Outcomes
	Tolerability of Antihypertensive Therapy
	Limitations of the Study

	Conclusion
	Acknowledgment
	References



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (None)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (ISO Coated v2 300% \050ECI\051)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.3
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Perceptual
  /DetectBlends true
  /ColorConversionStrategy /sRGB
  /DoThumbnails true
  /EmbedAllFonts true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /SyntheticBoldness 1.00
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 524288
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveEPSInfo true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts false
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 150
  /ColorImageDepth -1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages false
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /ColorImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 150
  /GrayImageDepth -1
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 600
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputCondition ()
  /PDFXRegistryName (http://www.color.org?)
  /PDFXTrapped /False

  /Description <<
    /ENU <>
    /DEU <>
  >>
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [5952.756 8418.897]
>> setpagedevice


