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Abstract

Background Intra-arterial (IA) nicardipine is often used

to treat cerebral vasospasm associated with subarachnoid

hemorrhage (SAH). While hypotension has been noted to

be a dose-limiting side effect of intravenous infusions, this

has seldom been reported for IA administration.

Methods We reviewed a consecutive series of patients

who received IA nicardipine for SAH-associated vaso-

spasm. Nicardipine was titrated to angiographic response,

with blood pressure and intracranial pressure monitoring.

We analyzed data using Wilcoxon signed rank, Student’s

t-test, Spearman’s correlation, and v2 statistics as appro-

priate. A P value <0.05 was considered significant.

Results Thirty patients underwent 50 procedures in which

nicardipine was the sole chemical vasodilator (median

dose, 15 mg). Median mean arterial pressures (MAP)

decreased from 118 to 100 mmHg (P < 0.001), with an

intra-operative low of 80 mmHg. Both intra-operative and

post-operative decreases in MAP were directly related to

nicardipine dose (rs = 0.352, P = 0.022 and rs = 0.308,

P = 0.047, respectively). Hypotension (MAP < 70

mmHg) occurred in 22%, and 44% required initiation of or

increases in vasopressor therapy. After the first treatment,

11 of 16 patients treated with vasodilator therapy alone,

and 5 of 14 patients who underwent additional balloon

angioplasty (68.8 vs. 35.7%, P = 0.141), required further

endovascular treatments due to recurrent vasospasm on

subsequent days.

Conclusions Intra-arterial nicardipine is associated with

significant intra-operative blood pressure lowering, an

increased requirement for intra-operative vasopressor

therapy, and a tendency toward re-treatment when used as

initial monotherapy for vasospasm.
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Introduction

Aneurysmal subarachnoid hemorrhage (SAH) is a signifi-

cant cause of morbidity and mortality worldwide, with an

estimated incidence as high as 23 per 100,000 annually [1].

As many as 19% will develop symptomatic vasospasm [2],

which accounts for nearly 13% of death and disability at

6 months [3]. Myriad treatments have been employed to

prevent and mitigate the effects of ischemia resulting from

vasospasm, including the use of oral nimodipine and ‘‘tri-

ple-H’’ therapy. Current endovascular interventions include

balloon angioplasty and chemical vasodilation with agents

such as papaverine, verapamil, milrinone, and nicardipine.

Nicardipine is a hepatically metabolized dihydropyri-

dine-type calcium channel blocker that causes vasodilation

through blockade of L-type calcium channels in vascular

smooth muscle cells. Studies on animals and in vitro

arterial preparations have shown a relative selectivity for

cerebral vasculature [4], and some human studies have

suggested that intravenous administration increases cere-

bral blood flow [5]. When compared to placebo for

vasospasm prophylaxis, continuous intravenous (IV) infu-

sions of 0.075 to 0.15 mg/kg/h reduced the risk of
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symptomatic vasospasm, but caused hypotension in as

many as 34% of patients, including 3% with life-threat-

ening hypotension [6].

As an intra-arterial (IA) treatment for vasospasm, ni-

cardipine reduces TCD velocities and improves symptoms,

angiographic appearance, and cerebral blood flow [7–11].

In contrast to the frequent hypotension resulting from IV

infusions, several small studies have found only short-lived

or small decrements in blood pressure, and none has

accounted for nicardipine dose [7–12]. Thus, we aimed to

assess the relationship between IA nicardipine dose and

blood pressure in patients being treated for SAH-associated

vasospasm.

Methods

After approval by our institutional review board, we

retrospectively identified 30 subjects who received IA

nicardipine at least once to treat symptomatic vasospasm

from a database of all adult patients admitted with SAH

between April 2004 and September 2007. Demographic,

clinical, and procedural data were abstracted from the

entire patient chart, and for patients who received more

than one procedure, each procedure was documented

separately.

All subjects were routinely treated with oral nimodipine

and received hyperdynamic, hypervolemic (‘‘Triple-H’’)

therapy for symptomatic vasospasm. Angiography was

performed in patients whose deficits did not improve with

medical therapy. Patients with angiographic vasospasm

involving vessels in the circle of Willis received compliant

balloon angioplasty and IA nicardipine (2.5 mg/ml, PDL

BioPharma, Inc., Incline Village, NV), while patients with

distal vasospasm (i.e., vessels beyond circle of Willis) were

treated only with non-diluted IA nicardipine. In some

treatment sessions, other vasodilators (e.g., verapamil)

were also used, either instead of or in addition to nicardi-

pine. Nicardipine was injected by hand, typically at a rate

of 2 ml over 10 min, with the total infusion volume titrated

to angiographic improvement of vasospasm. Blood pres-

sure was supported with fluids and vasopressors as needed.

The anesthesia team, who determined the choice of anes-

thetic and sedative drugs, was always informed prior to IA

infusion of nicardipine.

Blood pressure was monitored continuously throughout

the procedure. We recorded the first, last, and minimum

blood pressures as documented on the anesthesia flow

sheet, and any intra-operative increases in or initiation of

vasopressor agents. We defined hypotension as a mean

arterial pressure (MAP) < 70 mmHg. For those subjects

whose vasopressor doses were increased following the

procedure, we recorded the duration, in hours, for which

they remained increased, as documented on intensive care

unit nursing flow sheets. For patients with an intracranial

pressure (ICP) monitor, the maximal intra-procedural ICP

was abstracted from anesthesia records, while pre- and

post-procedure ICPs were abstracted from nursing records.

All analyses were performed using SPSS version 14.0

(Chicago, IL). Blood pressures and ICP measurements

before, during, and after treatment were compared using

paired Student t tests for paired parametric variables and

Wilcoxon signed rank tests for paired non-parametric

variables. Correlations between nicardipine doses and

changes in blood pressure were assessed using Spearman’s

q coefficient. The requirement for additional endovascular

therapy in those initially receiving only chemical vasodi-

lation versus those receiving additional mechanical

angioplasty was assessed using the v2 test. P-values <0.05

were considered significant in all analyses.

Results

Table 1 describes the baseline characteristics of our cohort.

Of the 58 total interventions performed in 30 patients, 50

used IA nicardipine as the sole chemical vasodilator. Ni-

cardipine doses in these 50 treatments ranged from 1.8 to

55 mg, with a single patient receiving 82.5 mg (median

dose 15 mg). All patients showed angiographic evidence of

vasodilation after nicardipine administration.

During these 50 treatments, pre-operative MAP

decreased from a median of 118 to 100 mmHg post-oper-

atively (P < 0.001), with an intra-operative low of

Table 1 Patient characteristics among 30 consecutive patients

Age in years, median 48

Female, n (%) 26 (86.7)

Median initial GCS 14

Median Hunt–Hess scale score 3

Median Fisher grade 3

Medical history, n (%)

Hypertension 13 (43.3)

Tobacco use 7 (23.3)

Alcohol abuse 3 (10)

Family history of aneurysms 1 (3.3)

Aneurysm treatment, n (%)

Clipped 16 (53.3)

Coiled 10 (33.3)

Aneurysm location, n (%)

Anterior circulation 19 (63.3)

Posterior circulation 8 (26.7)

ICP monitoring, n (%) 19 (63.3)

Number of vasospasm treatments, mean 1.9

In-hospital mortality, n (%) 2 (6.7)
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80 mmHg (P < 0.001). Both intra-operative and imme-

diate post-operative decreases in MAP were directly

related to nicardipine dose (rs = 0.352, P = 0.022, and

rs = 0.308, P = 0.047, respectively), as illustrated in

Fig. 1. Hypotension (MAP < 70 mmHg) occurred in 11

(22%) procedures, including 3 during which MAP <

60 mmHg (minimum MAP, 53 mmHg) was recorded. In

four procedures, hypotension occurred with nicardipine

doses ranging from 4 to 7.5 mg. Fifteen (30%) procedures

required intra-operative vasopressor initiation and 7 (14%)

required intra-operative increases in vasopressor dose. An

additional 7 (14%) patients received sustained increases in

vasopressor support following the procedure (median 2 h,

range 0.5–14).

In the 18 patients with ICP monitors, nicardipine did not

cause any overall change in ICP (median pre- and post-

procedure ICP 10.0 vs. 8.0 cm H2O, respectively,

P = 0.989). Of six patients with intra-operative ICP

recordings available, only one developed sustained ICP

elevation >20 cm H2O (intra-operative ICP maximum

33 cm H2O, post-operative ICP 10 cm H2O).

Considering all 58 treatments, including those in which

non-nicardipine chemical vasodilators were used, 11 of the

16 (68.8%) whose initial intervention consisted of chemical

vasodilation alone required further interventions for

recurrent vasospasm. In contrast, 5 of 14 (35.7%, P =

0.141) whose initial intervention included balloon angio-

plasty required further treatments, as illustrated in Fig. 2.

This resulted in a median of 2 and 1 interventions per

patient, respectively (P = 0.166).

Discussion

In the largest series published to date, we assessed the

hemodynamic effects of intra-arterial nicardipine as a

therapy for SAH-related vasospasm and found that it was

associated with hypotension in a significant proportion of

patients. This was manifested as a median reduction in

MAP by 18 mmHg, a frequent need for initiation of or

increases in vasopressor therapy, and the presence of

absolute hypotension (MAP < 70 mmHg) in one-fifth of

patients. There was a modest correlation between decreases

in MAP and nicardipine dose, although individual respon-

ses were variable, and substantial drops occurred even in

some patients receiving small doses. Because relative

hypotension may antagonize hypertensive or hyperdynamic

therapy used to medically treat vasospasm, IA nicardipine

for vasospasm treatment should be utilized with caution;

treating physicians should be prepared to encounter and

manage this potential serious adverse side effect.

In normotensive and awake subjects receiving intrave-

nous boluses of nicardipine, the serum drug concentration

declines rapidly such that the half-life is *60 min [13].

Thus, after 5 h, over 95% of the drug is cleared from the

body. When used during general anesthesia for cardiac

surgery, intravenous nicardipine boluses decrease MAP in

a dose-dependent manner: 2 mg caused a 30 mmHg dec-

rement within 101 s, with 50% recovery of MAP in

3–7 min [14].

In contrast to our findings, most previous studies of IA

nicardipine have found smaller degrees and shorter dura-

tions of blood pressure lowering over a wide range of doses

(Table 2). While most patients in a study by Avitsian et al.

[8] required intra-operative vasopressors, their blood

pressures tended to increase 10–20 min after nicardipine

administration, and only two patients required their use

after the procedure. Similarly, Linfante et al. [9] reported

that most decreases in blood pressure tended to resolve

spontaneously within 10–15 min of nicardipine adminis-

tration, although three sessions were stopped for systolic

blood pressures that were persistently below 90 mmHg.

Only the last of these studies specifically assessed for—and

did not find—a relationship between nicardipine dose and

hypotensive effect.

No single factor clearly accounts for the higher fre-

quency of relative hypotension in our series. Our patients
Fig. 1 Scatter plot of intra-operative change in mean arterial pressure

(MAP, y-axis) versus nicardipine dose (x-axis)
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did receive higher concentrations of nicardipine (2.5 mg/

ml vs. 0.1–1 mg/ml), but our median dose (15 mg) was

similar to that in other studies (5–25 mg). In addition, our

rate of infusion was similar to, or less than, that used in

other series [8–10]. Oral nimodipine alone has been dem-

onstrated to cause more hypotension after general

anesthesia compared to placebo, even given identical

baseline blood pressures [15]. Nicardipine may similarly

interact with various anesthetic or sedative regimens,

potentiating its hypotensive effect with some agents but not

others. However, other series have not found the same

degree of hypotension, despite having used a variety of

sedative and anesthetic techniques [9, 10]. Finally, patient

factors such as age, cardiac, and other medical co-mor-

bidities may have contributed to the prolonged hypotensive

effect, though our patients were similar to those in other

series [7–10].

Consistent with most published accounts, we observed

no effect of intra-arterial nicardipine on ICP. A single

study reported transient ICP elevations in 6 of 18 patients

during nicardipine administration [7] while subsequent

studies [8–10] have generally found no ICP changes fol-

lowing IA nicardipine infusion (Table 2).

While this series was not powered to assess clinical

outcomes, we noted that those who received only IA

chemical vasodilators for vasospasm treatment showed a

non-significant trend toward requiring additional endovas-

cular interventions for vasospasm compared to those who

underwent angioplasty. This is consistent with a previous

study showing that IA nicardipine alone lowered TCD

velocities for at least 4 days, with only one patient

requiring retreatment, but decreases in TCD velocities were

more pronounced when nicardipine was combined with

angioplasty [7].

These data suggest that the combined approach may be

more effective, although to date, no studies have directly

compared the need for re-treatment after mechanical

angioplasty versus IA nicardipine alone. Since vasospasm

likely reflects subendothelial tissue proliferation and med-

ial collagen deposition and myofibroblast proliferation [16,

17], chemical vasodilation may not be as durable or potent

as mechanical intervention. However, angioplasty is typi-

cally limited to the proximal intracranial vasculature and is

associated with greater procedural risk and complications.

Thus, a rational therapeutic approach might incorporate

both mechanical angioplasty for proximal vaspospasm and

chemical vasodilation for distal vasospasm.

At present, few data guide our choice of intra-arterial

chemical vasodilators. While papaverine has become

associated with frequent rises in ICP and, more rarely,

seizures, nicardipine and verapamil have gained favor more

recently [18, 19]. Intra-arterial use of verapamil appears to

cause occasional relative hypotension and infrequent

increases in ICP [20–23]. Given the lack of controlled

studies comparing these agents, the choice of chemical

vasodilators requires further prospective study.

This study was performed retrospectively with attendant

concerns for selection bias and limited sample size. Con-

sequently, we were unable to control for factors such

cardiac status, concurrent medications, or intubation status

prior to treatment, which may affect blood pressure

responses [8]. Moreover, our study was not powered to

fully evaluate whether nicardipine-related hypotension

affected clinical outcomes.

Table 2 Effects of nicardipine on blood pressure and ICP

Study Dose Concentration

(mg/ml)

N Blood pressure ICP

Badjatia [7] 2–16 mg (median 5 mg;

maximum 5 mg/vessel)

0.1 24 Procedures

18 Subjects

Median HH: 4

Median FG: 3

No change : in 6/17 patients

Avitsian, [8] Unspecified 0.1 15 Procedures

11 Subjects

DMAP = -12 mmHg

(intra-operatively)

12/15 required pressors

Not assessed

Linfante, [9] 2–25 mg (mean ± SD

11.5 ± 6.7 mg)

1 46 Procedures

22 Subjects HH 1–3: 9

HH 4–5: 13

DMAP = -10.9 mmHg

(intra-operatively)

No dose correlation

No change

Tejada [10] 10–40 mg (median 25 mg) 0.83 20 Procedures

11 Patients

Median HH: 3

DSBP = -32 mmHga

(post-operatively)

No change (2 of 2

patients)

a Blood pressure data from 8 cases only
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Conclusions

We studied the use of IA nicardipine as a vasodilator for

use in treating SAH-related vasospasm and found that its

use was associated with significant intra-operative blood

pressure lowering and an increased requirement for vaso-

pressor therapy. Although it appears to ameliorate

angiographic vasospasm, physicians must be prepared to

address these hemodynamic effects, particularly given that

the medical treatment of vasospasm often calls for hyper-

tension. Ultimately, further controlled studies will be

necessary to compare various chemical vasodilators, better

define their durability, and elucidate the impact of relative

hypotension on clinical outcomes.
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