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The effects of nicardipine injection on baroreflex control of heart
rate were investigated by both pressor and depressor tests in 17 adult
patients. Baroreflex sensitivity was attenuated after nicardipine in
jection by the pressor test using phenylephrine, whereas it was not
changed by the depressor test using nitroglycerine. No resetting of the
baroreflex occurred after nicardipine injection. By the pressor test, the
plasma norepinephrine level was decreased, indicating that parasym
pathetic activity increased, and by the depressor test, the plasma nor
epinephrine concentration was increased, indicating that sympathetic
activity increased. These results suggest that it is safe to use nicardip
ine clinically even when reduction in blood pressure for hypovolemia or
unclamping the main artery is expected, and it is disadvantageous to
administer the drug when an increase in blood pressure due to cross
clamping of the main artery is forecasted. (Key words: nicardipine,
baroreflex, pressor test, depressor test, resetting, norepinephrine)

(Wajima Z, Inoue T, Ogawa R: The effects of an intravenous
nicardipine injection on baroreflex control of heart rate in man. J
Anesth 7: 40-47, 1993)

Arterial baroreflex is a very po
tent cardiovascular reflex which occurs
with a rapid blood pressure change: an
increase in arterial pressure ordinar
ily produces an immediate decrease in
heart rate (pressor response), whereas
a decrease in arterial pressure is usu
ally followed by an increased heart rate
(depressor response) 1. It is considered
that parasympathetic activity increases
in the pressor response, whereas sym
pathetic activity increases in the de
pressor responsev",

Recently, injectable nicardipine, a
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calcium channel blocker, was intro
duced into the clinical field. In this
study we evaluated the effects of intra
venously administered nicardipine on
arterial baroreflex control of heart rate
in man because there are no reports of
nicardipine on this subject.

Patients and Methods

Seventeen adult patients undergoing
elective surgery with an ASA physical
status of I or II who had no history
of neural, respiratory or cardiovascular
disease were selected as subjects. Their
ages ranged from 19 to 46 yr. Insti
tutional approval and informed consent
from all of the patients were obtained.
The patients were randomly divided
into two groups. One group comprised
9 patients and the pressor tests were
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Fig. 1. The control line A and the line B

obtained during a different experimental period

are baroreflex slope. The resetting of the reflex

is shown by the arrow, d.

connected with CBM-3000 through an
RS-232C interface.

Blood gas analysis was conducted
before the first pressor or depres
sor test as control and 10 min after
nicardipine injection. Plasma epineph
rine and norepinephrine concentrations
also were measured by high perfor
mance liquid chromatography at the
following points: before the first pres
sor or depressor test as the control,
just after the first pressor or depressor
test, just before nicardipine injection
(15 min after the first test), 10 min af
ter nicardipine injection, and just after
the second pressor or depressor test.

Resetting of baroreflex was deter
mined by calculation of the pulse in
terval at the reference pressure, as
described by Bristow et al. 7 : to de
termine reflex resetting, a vertical line
was constructed at the level of the
control systolic blood pressure. The re
setting of the reflex is shown by the
arrow, d (fig. 1).

The data were presented as math
ematical means and central tenden
cies were expressed by standard de
viations. ANOVA and Student's t-test

performed for them (the pressor test
group), and other one comprised 8
patients and the depressor tests were
carried out for them (the depressor
test group).

These procedures have been pub
lished once elsewhere''.

Teflon catheters (18 and 20 G) were
inserted into a forearm vein and a ra
dial artery under local anesthesia (1%
lidocaine). Blood pressure and ECG
were displayed on a polygraph (model
CBM-3000, Nippon Colin, Japan), us
ing a Gould P-50 transducer.

No patient was premedicated. After
hemodynamic stabilization, the pres
sor baroreceptor response was assessed
by the pressor test, originally de
scribed by Smyth et al. 5 ; phenyle
phrine, 2-3 p,g.kg- 1 was injected to
increase arterial blood pressure by 20
30 mmHg. Fifteen minutes later, when
arterial blood pressure had returned
to the preinjection level, nicardipine,
20 p,g·kg- 1 was injected. After 10 min,
another pressor test was carried out.
Nitroglycerine, 8-10 p,g·kg- 1 was used
for the depressor test. The relationship
between systolic blood pressure and
the succeeding R-R interval was quan
titatively evaluated during the phase
of increase (in the pressor test) or
the phase of decrease (in the depres
sor test) in arterial pressure. Systolic
pressure and R-R intervals were plot
ted in a beat-to-beat analysis. Data
were assessed using the least-square
linear regression analysis of the lin
ear part of the relationship between
blood pressure and R-R interval. Only
patients whose regression slopes had
a correlation coefficient greater than
0.8 were included in the group mean.
The slope. of this linear regression ex
pressed in msec per mmHg was used as
an index of baroreflex function. These
data were analyzed using a package
software called "autonomic nerve sys
tem package'?" processed with a com
puter (PC-9801VX21, NEC, Japan)
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Table 1. Physical and clinical characteristics of patients in the two groups

J Anesth 1993

Group
Age Body Weight Systolic blood Diastolic blood

(year) (kg) pressure (mmHg) pressure (mmHg)

Pressor test
32.3 ± 7.2 60.7 ± 8.1 135.6 ± 16.6 71.3 ± 7.6

group

Depressor test
35.4 ± 10.8 54.1 ± 13.6 127.0 ± 11.6 64.4 ± 8.1

group

R-R interval

(msec)

841.3 ± 148.8

918.3 ± 133.7

Pao2
(mmHg)

98.0 ± 9.1

95.1 ± 10.3

Paco2
(mmHg)

37.7 ± 3.3

40.1 ± 4.1

pHa

7.428 ± 0.016

7.422 ± 0.008

Group

Pressor test group

Depressor test group

Values are expressed as mean ± SD

Table 2. Blood gas analysis before and after nicardipine

pre-injection post-injection significance

Pao2 (mmHg) 98.0 ± 9.1 87.5 ± 10.3 P < 0.005
Paco2 (mmHg) 37.7 ± 3.3 39.8 ± 3.3 P < 0.05
pHa 7.428 ± 0.016 7.415 ± 0.010 P < 0.05

Pao2 (mmHg) 95.1 ± 10.3 92.1 ± 9.2 ' NS
Paco2 (mmHg) 40.1 ± 4.1 40.0 ± 3.9 NS
pHa 7.422 ± 0.008 7.415 ± 0.010 NS

Values are expressed as mean ± SD
NS: not significant

Table 3. Systolic blood pressure, diastolic blood pressure, R-R interval and R-R interval at
reference blood pressure before and after nicardipine

Group pre-injection post-injection significance

Systolic blood pressure (mmHg) 135.6 ± 16.6 132.0 ± 15.1 NS

Pressor test
Diastolic blood pressure (mmHg) 71.3 ± 7.6 64.3 ± 6.9 P < om
R-R interval (msec) 841.3 ± 148.8 777.3 ± 152.0 P < om

group
R-R interval at reference

blood pressure (msec)
822.1 ± 205.3 806.4 ± 245.3 NS

Systolic blood pressure (mmHg) 127.0 ± 11.6 126.5 ± 16.7 NS

Depressor test
Diastolic blood pressure (mmHg) 64.4 ± 8.1 60.1 ± 7.7 P < 0.001
R-R interval (msec) 918.3 ± 133.7 842.1 ± 126.6 P < om

group
R-R interval at reference

blood pressure (msec)
959.8 ± 149.1 899.5 ± 166.3 NS

Values are expressed as mean ± SD
NS: not significant
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Results

were used to analyze the values ob
tained. A P-value less than 0.05 was
used to accept or reject statistical hy
potheses.

Fig. 2. Changes in baroreflex sensitivity

induced by nicardipine injection, 20 Ilg·kg-1.

Baroreflex sensitivity was attenuated 10 min

after nicardipine injection by the pressor test,

whereas it was not changed by the depressor

test.

In this study, nicardipine injection
attenuated baroreflex control of heart
rate by the pressor test, whereas it did
not by the depressor test.

In the pressor test group, systolic
blood pressure was not changed signif
icantly 10 min after nicardipine injec
tion, whereas diastolic blood pressure
and the R-R interval had decreased
significantly. The pulse interval at ref
erence pressure was not significantly
altered (table 3). Baroreflex sensitiv
ity was attenuated significantly after
nicardipine injection (fig. 2).

In the depressor test group, systolic
blood pressure was not altered signif
icantly 10 min after nicardipine injec
tion, whereas diastolic blood pressure
and the R-R interval had decreased
significantly. The pulse interval at ref
erence pressure was not significantly
changed (table 3). Baroreflex sensitiv
ity remained unchanged after nicardip
ine injection (fig. 2).

In the pressor test group, the
plasma norepinephrine level was sig
nificantly decreased just after the first
pressor test, just before nicardipine
injection and just after the second
pressor test compared with the con
trol. It was significantly higher 10 min
after nicardipine injection than just
before nicardipine injection, and was
significantly lower just after the second
pressor test than 10 min after nicardip
ine injection. The plasma epinephrine
level remained unchanged throughout
the study (fig. 3).

In the depressor test group, the
plasma norepinephrine level was sig
nificantly higher than the control at
each point. It was significantly higher
just after the second depressor test
than 10 min after nicardipine injection.
The plasma epinephrine level remained
stable throughout the study, as in the
pressor test group (fig. 4).

Discussion
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There were no significant differences
in age, body weight, systolic blood
pressure, diastolic blood pressure, R-R
interval, Pao2, Paco2, or pHa between
the two groups before the study (table
1).

Pao2 and pHa were significantly de
creased 10 min after nicardipine injec
tion in the pressor test group but were
not altered in the depressor test group
(table 2). PaC02 was significantly in
creased 10 min after nicardipine in
jection in the pressor test group but
was not changed in the depressor test
group (table 2).
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Fig. 3. Changes in plasma epineph
rine and norepinephrine level in the pres
sor test group.

Values represent the mean ± SD.
*significant difference vs. control

(P < 0.05).
**significant difference vs. control

(P < 0.005) .
***significant difference vs. control

(P < 0.0001).
# significant difference vs, just before

nicardipine injection (P < 0.0001).
@significant difference vs. 10 min af

ter nicardipine injection (P < 0.05).
The plasma norepinephrine level was

significantly decreased just after the first
pressor test, just before nicardipine in
jection and just after the second pressor
test compared with the control. It was
significantly higher 10 min after nicardip
ine injection than just before nicardip
ine injection, and was significantly lower
just after the second pressor test than
10 min after nicardipine injection. The
plasma epinephrine level remained un
changed throughout the study.
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PaC02 increased significantly after
nicardipine injection in the pressor test
group. Cunningham et al. 8 reported
that hypercapnia was associated with
a significant fall of baroreflex sensi
tivity. In the present study, Paco2

increased but remained within normal
range, suggesting a negative influence
on baroreflex.

Taylor et al.9 compared the ac
tions of the calcium channel in
hibitors nimodipine, nifedipine, ver
apamil and diltiazem on barorecep
tor reflex-induced bradycardia elicited
by the pressor response induced by
norepinephrine and on reflex-induced
tachycardia elicited by the hypoten
sive response to acetylcholin in a
chloralose-anesthetized dogs. The re
sults were as follows: the reflex
vagal bradycardic ratio elicited by
the norepinephrine-induced pressor re
sponse was reduced dose-dependently
by nimodipine, diltiazem and vera-

pamil. In contrast, nifedipine did not
inhibit the bradycardic ratio. The
reflex tachycardia ratio evoked by
acetylcholine-induced hypotensive re
sponses was reduced in a dose-related
fashion by all of the agents. Moreover
they studied the site of action, finding
that nimodipine attenuated the reflex
vagal bradycardia evoked by pressure
elevations in the isolated carotid si
nus and concluded that the site of
action of nimodipine was confined to
a peripheral baroreceptor locus. They
proposed that the mechanism of ac
tion could possibly involve blockade
of alpha-l adrenoceptors, calcium or
sodium.ion channels, or the membrane
sodium pump. Heesch et al.!" iso
lated the carotid sinus region in a dog
and investigated the effects of nifedip
ine and verapamil on the carotid si
nus nerve activity and concluded that
these drugs have direct effects on the
carotid sinus baroreceptors.
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Although the present study did not
investigate which components of the
baroreflex arc nicardipine depressed by
the pressor test, we believe that the
drug nicardipine is also applied locally
to the baroreceptors.

Fergusonl ' studied the effect of
20 mg of sublingually administered
nifedipine, which is a dihydropyridine
derivative like nicardipine, on barore
flex modulation of heart rate con
trol by the pressor test in man, and
concluded that this treatment with
nifedipine increased baroreflex sensi
tivity. Giudicelli et al. 12 investigated
the effect of 120 mg of diltiazem ad
ministered orally on the response to
baroreflex activation and deactivation
by the pressor and depressor tests
in man and concluded that barore
flex sensitivity was not altered by the
pressor test, whereas it was depressed
by the depressor test. Moreover, Lit
tler et al. 13 investigated the effect of 30
mg of nicardipine administered orally
to patients with essential hypertension
on the baroreflex response. There was
no change in baroreflex sensitivity 1
hour after administration in the pres
sor test. It is interesting to note that
the effect on baroreflex control of heart
rate varies with the calcium channel
blocker.

As present it is not known why
there is a discrepancy between the
results of Litter et al. 's orally admin
istered nicardipine and these of our
intravenous injection. The difference in
results is probably due to the differ
ence in subjects and methods, or to
the concentration of nicardipine in the
blood. This needs further investigation.

No resetting of the baroreflex oc
curred after nicardipine injection, since
the pulse interval at reference pressure
was not significantly altered.

By the pressor test, plasma norep
inephrine tended to decrease, indicat
ing that parasympathetic activity in
creased, and the decrease lasted over
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Fig. 4. Changes in plasma epinephrine and

norepinephrine level in the depressor test

group.

Values represent the mean ± SD.

*significant difference vs. control (P <
0.005).

**significant difference vs. control (P <
0.00005).

@significant difference vs. 10 min after

nicardipine injection (P < 0.005).
@@significant difference vs. 10 min after

nicardipine injection (P < 0.01).

In the depressor test group, the plasma nor

epinephrine level was significantly higher than

the control at each point. It was significantly

higher just after the second depressor test than

10 min after nicardipine injection. The plasma

epinephrine level remained stable throughout

the study, as in the pressor test group.
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dose of fluni
baroreflex con
man. J Anesth

15 min. Conversely, by the depressor
test, plasma norepinephrine tended to
increase, indicating that sympathetic
activity increased, and it remained in
creased over 15 min. During and af
ter hypotension induced by nicardip
ine, plasma norepinephrine increases
in rabblts '" and mongrel dogs!". In
this study, systolic blood pressure had
not decrease significantly 10 min after
nicardipine injection, but transient hy
potension was seen in every patient
(data are not shown). The plasma
norepinephrine level was significantly
higher 10 min after nicardipine injec
tion than just before nicardipine in
jection in the pressor test group, but
not in the depressor test group. This
phenomenon is apparently caused by
the effect of the depressor test, which
causes the plasma norepinephrine level
to remain increased over 15 min.

In our study, plasma norepinephrine
tended to decrease and the decrease
lasted over 15 min by the pressor test
because the increase of parasympa
thetic activity once occurred. Balagny
et al. 16 studied the effects of intra
venous droperidol on baroreflex control
of heart rate using the pressor test
and on plasma catecholamine levels.
Their results was that values of plasma
norepinephrine concentration was sig
nificantly increased only at 5 min after
droperidol injection, while no signifi
cant change was observed at 10 and
15 min. Marty et al. 17. investigated the
effects of induction of anesthesia with
diazepam and midazolam on baroreflex
control of heart rate and on plasma
levels of catecholamines. Their results
was that plasma norepinephrine con
centrations decreased at 5, 10 and 15
min after intravenous drug administra
tion with both drugs. Our results mean
that it is very possible to misinterpret
plasma catecholamine levels after ad
ministration of some drugs when the
pressor test was conducted.

The results obtained in the present

study suggest that it is safe to use
nicardipine when reduction of blood
pressure for hypovolemia or unclamp
ing the main artery is expected and
that it is disadvantageous clinically to
administer the drug when an increase
in blood pressure due to cross-clamp
ing of the main artery is forecasted.

In conclusion, intravenous adminis
tration of nicardipine was found to
depress the baroreflex response by the
pressor test, whereas no change was
found by the depressor test, and no
resetting of the baroreflex occurred.

A part of this study was presented at
"The 37th Annual Meeting of the Japan
Society of Anesthesiology, 1990" and

"The 8th Asian-Australasian Congress of
Anaesthesiologists, 1990".

(Received Feb. 7, 1992, accepted for
publication Jun. 25, 1992)
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