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ABSTRACT
Background and aim: Nicardipine and diltiazem, used to decrease blood pressure, have different actions on 
hemodynamics and hormonal response during inhalational anesthesia. However, there are no studies to compare these 
effects of  nicardipine and diltiazem in propofol-fentanyl-nitrous oxide anesthesia. Therefore, we performed this study 
to compare the effects of  nicardipine and diltiazem on hemodynamics, plasma concentrations of  catecholamines and 
renin-angiotensin-aldosterone activity in propofol-fentanyl-nitrous oxide anesthesia.

Methodology: Twenty patients scheduled for resection of  brain tumors were divided into two groups. Anesthesia was 
induced with propofol and fentanyl, and maintained with propofol, fentanyl and 67% nitrous oxide and 23% oxygen. 
During surgery, nicardipine 1 mg or diltiazem 10 mg was administered in one minute. Blood pressure, heart rate, plasma 
concentrations of  epinephrine, norepinephrine, angiotensin I and II, and aldosterone, and plasma renin activity were 
measured until 30 minutes after administration of  nicardipine or diltiazem. 

Results: Blood pressure decreased significantly in both groups (P < 0.05). Heart rate did not change in both groups. 
Plasma concentrations of  epinephrine, norepinephrine, angiotensin I and II, and aldosterone, as well as renin activity 
did not change in both groups. There were no differences between the two groups in blood pressure, heart rate, plasma 
concentrations of  catecholamine, angiotensin and aldosterone, and renin activity. 

Conclusion: During propofol-fentanyl-nitrous oxide anesthesia, there is no difference in the effects between nicardipine 
and diltiazem on hemodynamics, and plasma concentrations of  catecholamines, angiotensin, and aldosterone, and renin 
activity.
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INTRODUCTION
Both nicardipine and diltiazem are calcium antagonists and 
are used to decrease blood pressure rapidly during general 
anesthesia; but nicardipine increases,1 while diltiazem 
decreases2 heart rate. We have already shown that nicardipine 
and diltiazem administered during general anesthesia had 
different effects on blood pressure, heart rate, and plasma 
concentrations of  catecholamine and renin-angiotensin-
aldosterone in sevoflurane3 and isoflurane4 anesthesia. 
However, there are no studies to compare the effects of 
nicardipine and diltiazem of  hemodynamics and hormonal 
changes in intravenous anesthesia.

The present study was performed to compare hemodynamics 
and plasma concentrations of  catecholamine, angiotensin, 
and aldosterone, and renin activity between nicardipine and 
diltiazem in propofol-fentanyl-nitrous oxide anesthesia. 

METHODOLOGY
The study design was the same as our previous studies.3,4 
This study is a non-blind randomized controlled study. After 
the approval of  the Ethical Committee of  the hospital and 
written informed consent from patients, 20 patients, aged 
40 to 70 years with ASA physical status I or II, who would 
undergo resection of  brain tumor, were randomly divided 
into two groups by an envelope method. Those who had 
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cardiac, liver, renal, hormonal, or any metabolic disease 
(diabetes mellitus, hyper- or hypothyroidism etc.), obesity 
(body mass index > 30), allergy to diltiazem or nicardipine, 
or who had drug abuse, were excluded.
No premedication was allowed. Anesthesia was induced 
with propofol 2 mg/kg and fentanyl 4 µg/kg. Endotracheal 
intubation was facilitated with vecuronium 0.2 mg/kg. 
Anesthesia was maintained with propofol 6 mg/kg/h, 
intermittent fentanyl and 67% nitrous oxide in oxygen. 
Radial artery was cannulated to measure blood pressure. 
Lactated Ringers solution was infused to keep urine volume 
more than 1 ml/kg/h. Mannitol 20% 300 ml was infused 
at craniotomy. Ventilation was adapted to keep end-tidal 
carbon dioxide tension between 30 and 35 mmHg. 
After microsurgical procedure started and when 
hemodynamics were stable at ±5% variation for 30 minutes, 
nicardipine 1 mg or diltiazem 10 mg was administered in 
one minute. Blood pressure and heart rate were measured 
at 0, 1, 3, 5, 10, 20, and 30 min, and plasma concentrations 
of  epinephrine, norepinephrine, angiotensin I, angiotensin 
II, aldosterone, and renin activity were measured at 0, 5, 
10, 20, and 30 min, for 30 min after administration of 
nicardipine or diltiazem. 
Plasma concentrations of  epinephrine and norepinephrine 
were measured with high-performance liquid 
chromatography (HPLC). Plasma concentrations of 
angiotensin I and II, and aldosterone, and plasma rennin 
activity were measured with radioimmunoassay. During 
30 min periods of  measurements no fentanyl was 
administered.
Statistical analysis: Data were shown as mean ± standard 
deviation or number of  the patients. Statistical analysis was 
performed with the chi-square test and factorial analysis 
of  variance (ANOVA) for demographic data, and repeated 
measures ANOVA for measured parameters followed 
by Student-Neuman-Keuls test as a post hoc analysis. A 
p-value < 0.05 was considered to be statistically significant. 
Power analysis was performed to detect the intra- and 
inter- group differences of  measured parameters with 
power of  0.90 using the G PowerTM software (University 
Mannheim, Germany).

RESULTS
By power analysis, 18 patients were necessary, therefore, 
20 patients were enrolled. Demographic data and dose of 
fentanyl used were not different between the two groups 
(Table 1). 

Blood pressure decreased significantly compared to the 
value before administration of  nicardipine or diltiazem in 
one minute in both groups and the peak decrease was at 
3 minutes in the diltiazem group and at 5 minutes in the 
nicardpine group (Figure 1-1). Heart rate did not change in 
both groups (Figure 1-2). Plasma epinephrine (Figure 2-1) 
and norepinephrine (Figure 2-2) concentrations did not 
change significantly in both groups. Plasma renin activity 
(Figure 3-1), angiotensin I (Figure 3-2) and II (Figure 3-3), 
and aldosterone (Figure 3-4) concentrations did not change 
significantly in both groups. There were no differences 
between the two groups in blood pressure, heart rate, 
plasma concentrations of  catecholamine, angiotensin, and 
aldosterone, and renin activity.

DISCUSSION
The results of  our study showed that during propofol-
fentanyl-nitrous oxide anesthesia, both nicardipine and 
diltiazem decreased blood pressure, but did not change 
heart rate, plasma concentrations of  epinephrine, 
norepinephrine, rennin, angiotensin, and aldosterone. No 
differences were found between nicardipine and diltiazem 
in the above measurements.

There are some limitations of  this study as shown in our 
previous study4 such as study at stable hemodynamic not 
at hypertensive state, dose of  nicardipine and diltiazem, 
duration of  measurements, and blindness of  the study.

The peak decrease in blood pressure came faster and 
decrease lasted shorter with diltiazem than nicardipine in 
the present study. However, nicardipine has faster onset 
and shorter half-life than diltiazem.5,6 Therefore, the results 
of  the present study might be modified by propofol, 
fentanyl and nitrous oxide, while we could not find any 
studies to discuss the reason of  the discrepancy between 
our study and others.5,6 

Table 1: Demographic data of the patients

Parameter Nicardipine Diltiazem
Age (years) 56 ± 8 56 ± 11
Gender (male/female) 7/3 8/2
Body weight (kg) 58 ± 10 59 ± 6
Height (cm) 163 ± 8 161 ± 6
Duration of surgery (min) 325 ± 47 287 ± 64
Interval between start of surgery and start of the study (min) 103 ± 15 97 ± 18
Total fentanyl dosage at the start of the study (µg) 328 ± 35 353 ± 42

Mean ± standard deviation or number of the patients
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Figure: 1-1 Figure: 1-2

Figure 1: Blood pressure (1-1) and heart rate (1-2)
Mean ± standard deviation; closed circle, nicardipine group; open circle, diltiazem group; *: P < 0.05 vs. nicardipine group; +: P < 0.05 vs. the 
value at time 0.

 Figure 2-1  Figure 2-2

Figure 2: Plasma epinephrine (2-1) and norepinephrine (2-2) concentration
Mean ± standard deviation; closed circle, nicardipine group; open circle, diltiazem group; *: P < 0.05 vs. nicardipine group; +: P < 0.05 vs. the 
value at time 0

In our previous studies using the same study protocol 
as the present study, nicardipine increased heart rate and 
plasma concentrations of  epinephrine and norepinephrine 
in both sevoflurane3 and isoflurane4 anesthesia. Diltiazem 
decreased heart rate in isoflurane anesthesia4, while did 
not change heart rate in sevoflurane anesthesia3. Diltiazem 
did not change plasma concentrations of  epinephrine 
and norepinephrine in both sevoflurane3 and isoflurane4 
anesthesia. 

No changes of  heart rate and plasma concentrations of 
epinephrine and norepinephrine were observed during 
propofol-fentanyl-nitrous oxide anesthesia in the present 
study. Takino et al7 reported that fentanyl inhibited 
norepinephrine release but not epinephrine at induction 
of  anesthesia. However, Thomson et al8 showed that 
epinephrine did not change but norepinephrine increased 
by fentanyl induction. Nitrous oxide decreases epinephrine 
release and increases norepinephrine secretion.9 Propofol 
decreased plasma epinephrine concentrations at induction 
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Figure 3-3 Figure 3-4

Figure 3: Plasma renin activity (3-1), angiotensin I (3-2) and II (3-3) , and aldosterone (3-4) concentrations
Mean ± standard deviation; closed circle, nicardipine group; open circle, diltiazem group

Figure 3-1 Figure 3-2

of  anesthesia.10 Propofol, fentanyl and nitrous oxide might 
inhibit the increase of  epinephrine and norepinephrine 
induced by nicardipine and diltiazem. 

Nicardipine increases plasma renin activity,11 but did not 
change plasma aldosterone concentration.12 No changes 
of  renin, angiotensin, and aldosterone concentrations in 
the present study might be due to the interaction between 
nicardipine and anesthetics used, while we could not find 
any studies of  the effects of  propofol, fentanyl, or nitrous 
oxide on renin-angiotensin-aldosterone system. Infusion 
of  diltiazem did not affect renin-angiotensin-aldosterone 
system during droperidol-fentanyl anesthesia.13 Ikeda et 
al14 also showed no changes in renin secretion by infusion 
of  diltiazem. These are consistent with our results in 
propofol-fentanyl-nitrous –oxide anesthesia.

CONCLUSION
In conclusion, both nicardipine and diltiazem decrease 
blood pressure during propofol-fentanyl-nitrous oxide 
anesthesia, but there is no statistically significant difference 
between the effects of  the two drugs on heart rate, plasma 
epinephrine and norepinephrine concentrations, and 
renin-angiotensin-aldosterone system. Therefore, we can 
use either nicardipine or diltiazem with similar effects to 
decrease blood pressure in propofol-fentanyl-nitrous oxide 
anesthesia.
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