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Interactions between 
nicardipine and 
enflurane, isoflurane, 
and sevoflurane 

Purpo~.: During nicardipine induced hypotension, different inhalatio~ anamlfietics may have different effects on 
haernodynamic variables, sympathetic function and drug metabolism. Therefore, ~ haemodynamic effects and phar- 
macokinetics of nicardiplne were stud~ in the presence of the ~hree inhalation anaestJx,~ ennurar~, isothrane and 
sevonurane. 
Methods: Thirty patients scheduled for neurosurgery were randomly assigned to one of three anaesth~c t~chniques: 
entlurane, isoflurane or sevoflurane. Nicardipine (0.017 rng.kg -~) was administered during stable anaesthesia and the fol- 
lowing measurements made for 30 min: blood pressure, heart rate, and plasma concerCuaiion of nompinephrine, epi- 
nephrine and nicardipine. 
][~,~u~: W ~  sevothrane, plasma conce, ;ua~ns of nicardipine, f~e minutes ~er  adminis'a-ak~, (39.8 + 3.5 ng.ml -~, 
mean _+ SEM) were higher (P < 0.05) than in the other two groups (28.3 -+ 2.9 ng-ml -~, 32.6 + 4.3 ng.ml -~, e~u- 
rane and isotlurane, respectively). Web isollurane, the approximated halt-life of nicardipine (I 4 --4- 4 min) was shorter and 
clearance (2. I - 0.3 I'min -~) more rapid. Peak heart rates were similar in all groups but eleval~ rates continued longer 
with isaflurane (>30 min). Nicardipine-induced reduction in blood pressure was greater with sev~urane but low pres- 
sures persisted for longer wibh isoflurane. Plasma catecholamine concentrations increased wi~ isoilur-are and enlturane, 
but not with sevc~urane: considerably higher epinephrine concer, b~ons were seen with isoflurane. 
Condmion-" This study showed bhat the a~don of nicardiplne is modified by different inhala~)nal anaesthetic agents. 
Nicardipine has a prolonged duration of action in the presence of isoflurane and produces greater initial hypotension with 
sevofturane. 

Objectff : Pendant l'hypotension induite .~ la nicardipine, les aneslf~iques peuvent avoir des e~els diff~rents sur les 
variables h~nodynamiques, l'ac-ti~' ~ sympa~hique et le m6tabolisme pharmacologique. Les effets h~modynamiques et 
pharmacodr~dclues de la nicardipine ont ~6 recherch~ en presence de trois agents d'inhal~Ik)n, l'enllurane, l'isoflurane 
et le s6voflurane, 
M ~ h o d ~  : Tren~ patients programrr~ pour une intervention neurologique ont ~ a s s ~  al~toirement i~ un des 
trois anestl~iques : enflurane, isoflurane ou sEvol]urane. De la nicardipine (0,017 mg.kg -t) a Et~ aclministr~ une fois 
I'anesthEs~ stabilisC~e. Pendant 30 rain, on a err~ite enregistr6, les variables suivantes : la prmsion art~rielle, la fr~luence 
cardiaque et la concentration plasrnatique de la nor~plr~phrine, de I'CLpir~phrine et de la nicardipine. 
]L~bf~l~ts : Avec le sc~otlurane, les conceYu~ons plasmal~ues de nicardipine augrrenlzent dnq minutes apr~s rad- 
ministr-al~l 0%8 +- 3,5 ng'ml -I, moyenne _+ ~ ~ un niveau plus 61eve (P < 0,05) qu'avec les deux aulres agents 
(enflurane : 28,3 -+ 2,9 ng.ml -~ vs isoflurane 32,6 +- 4,3 ng'ml-~). Avec risoflurane, la demi-vie approximative de la 
nicardipine (I 4 _+ 4 min) Cs~alt plus courte et sa dairance plus rapide (2, I _+ 0,3 L.min-~). Les fr~luences cardiaques max- 
imales 6taient identiques clans tousles groupes rnais les fr6quences 61ev6es se sont maintenues plus Iongtemps avec 
risoflurane (< 30 min). La baisse de la pression ar l~ l le  provocluEe par la nicardipine 6tait plus importante avec le 
sEvollurane mais les basses pres~ns ont persistE plus Iongtemps avec I'isoflurane. Les conc~-,bd/om ~ de 
cat&holamines augrnentaient avec risollurane et I'entlurane mais non avec le s6votlurane : on a obsen~ des concen- 
tr-~.ions d'6pin~phrine beauc~p plus 61ev~,es avec l'isoflurane. 
Conclusion : Cette Etude d~montre que I 'ac t~  de la nicardipine est modif~ par divers agents inhalatoires. La 
nicarclipine exeme une action protong~ en pn~nce de I'isollurane mais produit une hypotension initi~ plus impor- 
tante en presence du s6voflurane. 
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N ICARDIPINE, a dihydropyridine calcium 
channel blocker, is often used for periop- 
erative blood pressure control because it 
has an immediate action and a short last- 

hag effect I and causes only slight myocardial depres- 
sion. 2 The hypotension produced by nicardipine 
induces reflex sympathetic hypertonia, s The inhalation 
anaesthetics have a vasodilating effect but different 
agents produce varying degrees of  sympathetic activity. 4 
Therefore, nicardipine might affect sympathetic activity 
differently depending upon which general anaesthetic 
was used. 

Nicardipine-induced hypotension results in decreased 
hepatic blood flow, s but inhalational anaesthetics have 
differing effects on hepatic blood flow 6 and on hepato- 
cellular ftmction. Therefore, metabolism of nicardipine 
by the liver during general anaesthesia might also differ 
depending upon the anaesthetic agent used. However, 
there are no studies comparing the effects ofnicardipine 
in the presence of different general anaesthetics. The 
purpose of this study was to compare nicardipine phar- 
macokinetic behaviour and nicardipine-induced haemo- 
dynamic changes and sympathetic activity during 
general anaesthesia with three different inhalational 
agents: enflurane, isoflurane and sevoflurane. 

In previous studies, nicardipine decreased blood 
pressttre with 7 or without 1 producing increased heart 
rate. However, the latter study 1 was done in conjunc- 
tion with vascular surgery. In this setting, heart rate 
might be dependent, in part, on changes in stimula- 
tion associated with the surgical procedure, or influ- 
enced by the drugs administered prior to surgery. To 
avoid these possible confounding factors, we followed 
the methods of Fukusaki et al. 7 and studied neurosur- 
gical patients in whom blood pressure and heart rate 
are stable. 

Methods 
After institutional approval and informed consent, 30 
patients (without liver or renal diseases; 40 to 70 yr old, 
ASA class 1 or 2) scheduled for elective neurosurgery 
(cerebrovascular surgery and tumour resection with an 
anticipated duration of more than four hours) were 
studied. They were randomly divided, using the enve- 
lope method on the night before surgery, into three 
anaesthesia groups of 10 patients each, and assigned to 
receive either enflurane, isoflurane or sevoflurane. 

As prcmedication, 0.01 mg.kg -1 atropine and 1 
mg.kg q hydroxyzine i m  were administered 30 min 
before the patients arrived at the operating room. 
Anaesthesia was induced with 2 mg-kg -1 thiamylal, 0.1 
mg-kg -1 midazolam, and 1 Fag.kg -1 fentanyl and tracheal 
intubation was facilitated with 0.15 mg-kg -1 vecuroni- 
um. Anaesthesia was maintained with 3 l-min -1 nitrous 

oxide in 2 1.rain -1 oxygen and fentanyl with enflurane, 
isoflurane, or sevoflurane 0.5 to 2.0% (end-tidal concen- 
tration measured with an Ultima TM, Datex, Helsinki, 
Finland). Pancuronium was used as the muscle relaxant 
during surgery. End-tidal CO 2 tension (measured by 
Ultima TM) was adjusted to 30-35 mmHg by artificial 
ventilation. After induction of anaesthesia, a catheter was 
inserted into the radial artery to measure blood pressure 
and to collect blood samples. 

When the microsurgical procedure had started and 
blood pressure kept constant (• 5% compared with pre 
anaesthesia level), 0.017 mg.kg q nicardipine was admin- 
istered as a bolus. This dose was selected to approximate 
the usual delivery of nicardipine i nag to a 60 kg patient 
(the average body weight in Japan). Blood pressure, 
heart rate, and plasma concentrations ofnicardipine, epi- 
nephrine and norepinephfine were measured before and 
at 1,3 (blood pressure and heart rate only), 5 10, 20 30 
min after nicardipine administration. Plasma epinephrine 
and norepinephfine concentrations were measured with 
high-performance liquid chromatography (HPLC, NT 
detector, Yokohama Hewlett-Packard, Yokohama, Japan: 
detection limit 0.01 ng.m1-1, a coefficient of variation of 
2.2% for epinephrine and 2.6% for norepinephrine). 
Plasma nicardipine concentration was measured with 
HPLC (UV detector SPD-2A, Shimadzu, Hamamatsu, 
Japan: detection limit 3 ng.ml -~, a coefficient of variation 
of 2.0%). The pharmacokinetics of nicardipine were 
approximated by the trapezoidal method. For at least 30 
min before and after nicardipine administration, the con- 
centrations ofinhalational anaesthetics (target: 0.5 MAC, 
minimum alveolar concentration) and the rate ofcrystal- 
loid infusion (2 ml.kg-l.hr q)  were kept constant and no 
other drugs such as pancuronium or fentanyl were 
administered. 

Possible differences in the distribution of patients 
across the three anaesthesia groups were compared for 
sex and surgical procedure using the chi-square test 
and for other demographic data using Kruskal-Wallis 
tests. Blood pressure, heart rate, plasma nicardipine 
and plasma catecholamine concentrations were com- 
pared across anaesthesia groups with analysis of vari- 
ance (ANOVA) followed by Fisher's protected least 
significant difference (PLSD). Intragroup differences 
were studied with repeated measures ANOVA fol- 
lowed by Fisher's PLSD. A P value < 0.05 was con- 
sidered statistically significant. 

Results 
Demographic data and concentrations of  inhalational 
anaesthetics at the time of nicardipine administration 
showed no differences among the three anaesthesia 
groups (Table I). Before nicardipine administration, 
there were no differences in blood pressure or heart 
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TABLE I Demographic data for patients in each anaesthesia group 

Enflurane Sevoflurane tsoflurane 

Age (yr) 57 • 4 58 • 3 60 • 4 
Sex ( M / F )  7/3  3 /7  5 / 5  
Body weight (kg) 58.0 • 4.1 57.8 • 2.9 55.9 • 4.8 
Surgery 

(Vascular/Tumour) 5 / 5  3 / 7  5 / 5  
Duration of 

anaesthesia (min) 467 • 38 503 • 72 485 • 82 
MAC 0.5 • 0.08 0.5 • 0.06 0.5 • 0.07 
Time o f  nicardipine 

administration (min)* 120 • 9 118 • 6 117 • 7 
Fentanyl (pg) prior to 

nicardipine 285 • 26 257 • 33 273 • 41 
Pancuronium (rag) prior 

to nicardipine 3 • 1 4 • 1 3 • 1 

mean • SEM 

*time from start o f  anaesthesia 

rate among the three groups: systolic blood pressure; 
142 • 9 m m H g  (mean • SEM), 148 • 8 mmHg,  and 
145 • 7 m mHg,  and heart rate; 70 • 3 beats.min q ,  
72 • 3 beats.min -1, 68 • 4 beats.min -1, in enflurane, 
isoflurane, sevoflurane group, respectively. 

Three  minutes after nicardipine administration 
peak reductions in blood pressure were observed in 
all anaesthesia groups (Figure 1). The sevoflurane 
induced reductions in blood pressure were greater 
than those for isoflurane (P  = 0.01 for diastolic pres- 
sure) or enflurane (P  < 0.01 for diastolic pressure). 
With isoflurane, reductions in blood pressure per- 
sisted for 30 min after nicardipine administration, 
but  for sevoflurane and enflurane such reductions 
were only observed for 20 and 10 min, respectively. 
Peak increases in heart  rate were observed at three 
minutes after nicardipine injection in all anaesthesia 
groups (Figure 1). With isoflurane, the elevations in 
heart  rate cont inued for at least 30 min, whereas 
shorter  durations o f  increased heart  rate were noted 
with sevoflurane (five minutes) and enflurane (three 
minutes). 

A large increase in plasma epinephrine concentra- 
tion was observed with isoflurane anaesthesia follow- 
ing nicardipine administration (Figure 2), which 
exceeded the increase seen with enflurane (P  < 0.01 
compared with other two groups at 10 min). Increases 
in plasma norepinephrine concentration were also 
observed for these two anaesthetics. In contrast, no 
changes in either plasma epinephrine or norepineph- 
rine concentrations were observed with sevoflurane. 

The plasma nicardipine concentration at five min- 
utes after injection was higher with sevoflurane anaes- 
thesia (39.8 • 3.5 ng.ml -j) than in the other two 
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F I G U R E  1 Changes in blood pressure (top: systolic, middle: 
diastolic) and heart rate (bottom) following nicardipine administra- 
tion (0.017 mg.kg -l) as a function of  time (min) and the inhala- 
tional anaesthetic received (enflurane, isoflurane or sevoflurane). 
Values shown are the percent change from control values and 
represent the mean • SEM at each time point (control levels did 
not differ between the three groups, see text). Closed circles: 
enflurane anaesthesia, open circles: sevoflurane anaesthesia, closed 
triangles: isoflurane anaesthesia. 

* P<  0.05 vscontrol value 
t p < 0.05 vs enflurane anaesthesia 
* P < 0.05 vs sevoflurane anaesthesia 

groups (28.3 + 2.9 ng.ml-l: P = 0.03, 32.6 + 4.3 
ng-ml-~: P = 0.045, enflurane and isoflurane, respec- 
tively) (Figure 3). The approximate elimination half- 
life (tl/2) o f  nicardipine was shorter and approximate 
nicardipine clearance was more rapid with isoflurane 
than for the other two anaesthetics (Table II). 
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F I G U R E  2 Plasma catecholamine concentrations (top: epineph- 
fine, bottom: norepinephrine) following nicardipine (0.017 mg.kg -t) 
administration as a fimction of  time (min) and the inhalation anaes- 
thetic received (enflurane, isoflurane or sevoflurane). Values represent 
the mean + SEM concentration (ng.ml q )  o f  epinephrine and norepi- 
nephrine (note: y-axis scales differ). Closed circles: enflurane anaesthe- 
sia, open circles: scvoflurane anaesthesia, dosed triangles: isoflurane 
anaesthesia. 

*P  < 0.05 vs control value 
t p  < 0.05 vs enflurane anaesthesia 
~P < 0.05 vs sevoflurane anaesthesia 

TABLE II Approximated pharmacokineties of  nicardipine for 
each anaesthetic agent 

Enfluraner Sevofluraner Isofluraner 

T 1 / 2  (min)* 28 • 6 29 • 7 14 • 4~I 
AUC (ng.min.ml-l) t 885 • 58 1080 • 95 689• 101~1 
Clearance (1.min q )  1.2 • 0.1 1.0 • 0.1 2.1 + 0.3 w 

*T1/2 :  elimination half-life 

*AUC: area under the curve of  plasma nicardipine concentration 
*values are mean • SEM 

~P < 0 .05  vs enflurane anaesthesia 
I p  < 0.05 vs sevoflurane anaesthesia 
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F I G U R E  3 Plasma nicardipine concentration (ng.m1-1, mean • 
SEM) following bolus nicardipine (0.017 mg-kg q)  as a function of  
time (rain) and anaesthesia received (enflurane, isoflurane or sevoflu- 
rane). Closed circles: enflttrane anaesthesia, open circles: sevoflurane 
anaesthesia, dosed triangles: isoflurane anaesthesia. 

*P < 0.05 vs enflurane anaesthesia 
t p  < 0.05 vs sevoflurane anaesthesia 

D i s c u s s i o n  

The effects of nicardipine differed depending upon 
which inhalation anaesthetic was used. The main 
results of this study are: 1) nicardipine-induced 
decreases in blood pressure were greater with sevoflu- 
rane anaesthesia; 2) the duration of hypotension and 
tachycardia was longer, and plasma catecholamine 
concentrations were higher with isoflurane; 3) no 
changes in epinephrine or norepinephrine concentra- 
tions were detected with sevoflurane; and 4) nicardip- 
ine clearance was'largest with isoflurane. 

There have been no previous comparative studies of 
the interaction between nicardipine and inhalational 
anaesthetics. The present results suggest that the peak 
effect of nicardipine on blood pressure differs depending 
upon the anaesthetic agent, and was greater with sevoflu- 
rane than with enflurane and isoflurane. Interestingly, the 
decrease in blood pressure with sevoflurane was not 
accompanied by increased catecholamine levels as were 
seen in the other two anaesthesia groups. The reason for 
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this discrepancy is unknown. However, inhalational 
anaesthetics can decrease sympathetic nerve activity by 
different degrees. 8-1~ It is possible that sevoflurane alone 
may have suppressed the reflex sympathetic hypertonia 
that usually follows nicardipine-induced decrease in 
blood pressure. Alternatively, short-lived increases in cat- 
echolamine concentrations may have been present 
between the first two plasma catecholamine measure- 
ments (0 and 5 min) (Figure 2) and hence were not 
observed using our measurement methods. However, 
there were no differences in peak heart rate during this 
period (Figure 1, bottom) among the three anaesthesia 
groups and the data suggest that transient increases in 
catecholamine levels, if present, did not differ among 
groups. 

In contrast to sevoflurane, increases in cate- 
cholamines were observed for isoflurane and enflurane 
(Figure 2). Even though inhalational anaesthetics sup- 
press sympathetic activity under non-stimulated condi- 
tions, s-~~ the addition of  surgical stimulation n or 
drug-induced hypotension 7,:2 to general anaesthesia can 
produce increased sympathetic activity. The increases in 
catecholamine concentrations seen during isoflurane or 
enflurane anaesthesia likely derive from nicardipine- 
induced hypotension. The difference in catecholamine 
changes between sevoflurane and the other two anaes- 
thetics might be due to unique interactions between 
nicardipine and the specific inhalation anaesthetics. 
However, further studies are required to uncover the 
precise mechanism(s) that account for the different 
actions of nicardipine with these three anaesthetics. 

With isoflurane anaesthesia, the duration of  blood 
pressure decrease was longest (Figure 1), but the 
clearance of  nicardipine was largest (Table II). This 
discrepancy requires further study to determine 
whether nicardipine exhibits enhanced binding to tar- 
get receptors with isoflurane or some other mecha- 
nisms may be involved. The extended duration of  
increased heart rate in the isoflurane group (Figure 1) 
may result from intensified sympathetic adreno- 
medullary activity. This assertion is consistent with the 
long-lasting increase observed in plasma cate- 
cholamine concentrations (Figure 2). 

Plasma nicardipine concentrations were measured 
only for 30 min after administration because of the dif- 
ficulties in keeping the anaesthetic level and surgical 
stimulation constant for more than 60 min (including 
30 min before nicardipine administration). Usually, esti- 
mation ofpharmacokinetic variables using 2- or 3- com- 
partment models requires sampling at least five times for 
two to three times the half-life. However, pharmacoki- 
netic behaviour can be approximated using a trapezoidal 
method with four sampling points in shorter times. The 

half-lives of  nicardipine with sevoflurane and enflurane 
anaesthesia (Table II) are consistent with the 22-45 min 
range reported previously, is Nicardipine clearance was 
also similar for these two agents (Table II). In contrast, 
nicardipine clearance with isoflurane was estimated to be 
about twice as fast as that with enflurane or sevoflurane. 
Anaesthesia-induced differences in hepatic blood flow 
and/or  in fiver metabolic function may contribute to the 
more rapid metabolism of nicardipine seen with isoflu- 
rane. Previous studies l'~ls have reported an increase in 
hepatic blood flow with isoflurane, with constant and 
decreased flow with sevoflurane and enflurane, respec- 
tively. In respect to sevoflurane anaesthesia, the reduc- 
tion in blood pressure induced by nicardipine may have 
reduced hepatic flow and resulted in slower initial 
metabolism of nicardipine. That possibility is consistent 
with the high plasma levels of  nicardipine seen at 5 rain 
with sevoflurane (Figure 3). There are no reports about 
the differences in liver metabolic function between dif- 
ferent inhalation anaesthetics. Therefore, the contribu- 
tion of this factor should be studied further. In addition, 
longer sampling time could confirm these differences in 
pharmacokinetics. 

In this study, the haemodynamic effects and phar- 
macokinetics of  nicardipine were studied with three 
inhalational anaesthetics: enflurane, isoflurane and 
sevoflurane. The decrease in blood pressure was great- 
est with sevoflurane anaesthesia. Hypotension lasted 
longest and reflex sympathetic hypertonia was greatest 
with isoflurane anaesthesia. However, the clearance of  
nicardipine was the largest with isoflurane anaesthesia. 
The differences observed were not large and the num- 
ber of  data was small to determine their clinical impor- 
tance. However, they suggest that when nicardipine is 
administered as a hypotensive agent during general 
anaesthesia, attention should be paid to the longer 
duration of  hypotension with isoflurane and a greater 
peak effect with sevoflurane anaesthesia. 
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