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Objective. During implant surgery, a large amount of local anesthetics containing epinephrine are often required, and
the resulting cardiovascular effects of administered epinephrine are not negligible. On the other hand, sedation has
wide applications in implant surgery. Nitrous oxide, propofol, or midazolam are commonly used as sedative drugs,
and each has also its own cardiovascular effects. The objective of this study was to investigate the cardiovascular
effects of epinephrine on patients under sedation with nitrous oxide, propofol, or midazolam.
Study design. We studied 9 healthy volunteers. They received epinephrine infusion at a nominal rate of 10, 25, or 50
ng/kg per minute under sedation with 30% nitrous oxide inhalation, 4 mg/kg per hour intravenous propofol or 0.2 mg/
kg per hour intravenous midazolam. For each, hemodynamic response and blood pressure and heart rate variability
were measured.
Results. When epinephrine was infused alone at 50 ng/kg per minute, heart rate (HR) and cardiac index (CI) increased
by 19.5% and 40.7%, respectively. Propofol suppressed the epinephrine-induced increase in CI. During midazolam
infusion, the highest dose of epinephrine caused a 37.5% increase in HR, which was significantly higher than for
epinephrine infusion alone. This response was accompanied by the reduction in high-frequency power of heart rate
variability, suggesting decreased parasympathetic activity. Nitrous oxide had no influence on the cardiovascular
response to epinephrine.
Conclusion. Increased cardiovascular activity due to epinephrine can be alleviated by propofol. However, midazolam
and nitrous oxide are of no advantage for stabilizing the hemodynamic status of the patient. Intravenous sedation with
propofol is useful during oral surgical procedures in which a large amount of epinephrine is required. (Oral Surg Oral
Med Oral Pathol Oral Radiol Endod 2006;102:e1-e9)

The administration of a vasoconstrictor in combination
with a local anesthetic has evolved as a method for
decreasing systemic toxicity, increasing the duration of
anesthesia, and providing hemostasis during oral surgical procedures. The importance of vasoconstrictor
agents is undisputed. Lidocaine with epinephrine is
most commonly used in dental practices throughout the
world. There have been many studies of the hemodynamic effects of dental anesthesia with epinephrinecontaining local anesthetic solution. Tolas et al.1 reported no significant cardiovascular changes following
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injection of a single cartridge of an anesthetic containing 18 g of epinephrine, despite a twofold increase in
plasma epinephrine. Knoll-Kohler et al.2 and Chernow
et al.3 also found only a small reduction in mean arterial
blood pressure and a small increase in heart rate after
the injection of low-dose epinephrine. Consequently,
the hemodynamic effects of epinephrine-containing local anesthetics are small.
Recently, there have been increasing cases of implant surgery, which often requires large amounts of
local anesthetics for pain control and hemostasis.4
Therefore, if a large amount of local anesthetic containing epinephrine is given to a patient, the cardiovascular effects of epinephrine may not be negligible.
These effects may cause serious complications such as
cardiac ischemia, dysrhythmia, and hypertension in patients with underlying cardiovascular disease.5-7
On the other hand, it is generally accepted that most
dental patients who undergo implant surgery require
sedation. Although intravenous sedation is commonly
applied for anxious patients, it is also a well-adapted
form of systemic management for implant surgery.8-10
Some oral surgeons have stated that sedation is essential for reducing the stress of the implant surgery.
Intravenous sedation with benzodiazepine derivatives
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or propofol has been used, as well as inhalation sedation with nitrous oxide. However, these drugs have
their own effects on the cardiovascular system. The
administration of propofol results in a decrease in blood
pressure in a dose-dependent manner,11 and midazolam
leads to a smaller decrease in blood pressure than does
propofol.12 Even nitrous oxide has a slight sympathomimetic effect on the cardiovascular system.13 Therefore, attention should be paid to the interaction between
epinephrine and these sedative drugs.
The objective of this study was to investigate the
hemodynamic and autonomic responses to epinephrine
under sedation with nitrous oxide, propofol, or midazolam and to determine which sedatives alleviate the
effects of epinephrine. We used the epinephrine infusion method14-16 instead of the injection of epinephrine-containing local anesthesia into the gingiva. To
define the cardiovascular effects of these drugs, we
measured the stroke volume (SV), cardiac index (CI),
and total peripheral resistance (TPR) by impedance
cardiography, as well as the blood pressure and heart
rate. In addition, variability in the arterial blood pressure and heart rate was also analyzed. Spectral analysis
of this variability is widely used as a noninvasive
technique to assess autonomic function.17-18
MATERIAL AND METHODS
Volunteers
With approval from the Ethics Committee on Human
Research at Osaka University and after obtaining written informed consent, we studied 9 volunteers. No
history of cardiovascular disease, hypertension, and
dysautonomia was present, and the physical examinations and electrocardiograms were all normal. The ages
of the subjects ranged from 25 to 45 years, with a mean
of 30.3 years; their body weights ranged from 48 to 72
kg, with a mean of 59.7 kg. The volunteers were asked
not to consume alcohol or caffeinated beverages 24
hours before each study day. Each study was scheduled
to start at 4:00 PM. That way, all interventions were
made at similar times each day to minimize the effects
of circadian fluctuations.
Measurements
The subjects rested in the supine position for 30
minutes, after which baseline measurements were obtained. Intermittent brachial blood pressure was measured by using an automated cuff sphygmomanometer
throughout the study. The subjects underwent continuous electrocardiographic monitoring by using lead II.
Arterial oxygen saturation (SpO2) was continuously
monitored with pulse oximetry. When the signs of
upper airway obstruction—such as low SpO2 below
95% or snoring—were observed during sedation, a
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small pillow was employed to maintain flexion in the
lower cervical spine. The subject was placed in a socalled “sniffing position” to improve airway patency.
To evaluate left ventricular function during the
study, noninvasive impedance cardiograms (CIC-1000,
Sorba Medical Systems, Milwaukee, WI) were recorded. Cardiac output was measured every 20 seconds
with a computer-interfaced impedance device. CI, TPR,
and rate pressure product (RPP) were calculated by
using a CIC-1000. The validity and reproducibility of
this method have been described in detail elsewhere.19
Radial artery pressure waveforms were continuously
measured by a tonometric system sphygmomanometer
(BP-508, Cholin Co. Ltd., Tokyo, Japan). Electrocardiogram and blood pressure waveforms were digitized
at 1000 Hz for analysis by the software, and the artifact-free, digitized signals were stored on a personal
computer for later analysis. The fast peaks of R waves
on the electrocardiograms were detected and then R-R
intervals were measured. The peak values of systolic
blood pressure for each cardiac cycle were also obtained. Data on R-R interval and systolic blood pressure
were analyzed with commercially available software
(Fraclet, Dainippon, Osaka, Japan), where 2 frequency
bands were automatically separated: a low frequency
band (LF between 0.04-0.15 Hz) and a high frequency
band (HF between 0.15-0.4 Hz). The LF band of systolic blood pressure (SBP-LF) is a good marker of
sympathetic activity in peripheral vessles.17,20,2 On the
other hand, the HF band of heart rate variability (HRHF) coincides with the respiratory frequency and primarily reflects respiration-linked variations in the heart
rate resulting from centrally mediated cardiac vagus
control.17,18,22 The ratio of LF to HF power of the heart
rate variability (HR-LF/HF) reflects the sympatheticparasympathetic balance. From this theory, an increased HR-LF/HF ratio suggests sympathetic dominance resulting from increased sympathetic outflow,
decreased parasympathetic outflow, or both.
Although the effect of the respiratory rate on HR-HF
power is relatively small at normal respiration rates,
extremely fast or slow respiration rates significantly
alter it.23,24 Thus, the respiratory rate was also recorded.
Treatment protocol
Each subject underwent 4 treatments: (1) epinephrine
was infused alone (E group), (2) epinephrine was infused in addition to propofol (P ⫹ E group), (3) epinephrine was infused in addition to midazolam (M ⫹ E
group), and (4) epinephrine was infused in addition to
nitrous oxide inhalation (N ⫹ E group). Each of these
treatments was given to each subject in randomized
order at an interval of at least 1 week.
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E group. Two intravenous catheters were inserted
into a forearm vein of each arm, one for the administration of epinephrine and the other for blood sampling.
We used the epinephrine infusion method14-16 instead
of injecting epinephrine-containing local anesthesia
into the gingiva. The epinephrine solutions were prepared by diluting 1 mg of epinephrine (Bosmin, Daiichi-Seiyaku, Tokyo, Japan) in 0.9% saline solution.
Epinephrine was incrementally infused at 10, 25, or 50
ng/kg per minute for 12 minutes. Hemodynamic measurements were collected during the last 2 minutes of
each infusion period. A 5-mL sample of venous blood
was drawn to analyze plasma epinephrine and norepinephrine concentrations in the E group.
P ⫹ E group. Two intravenous catheters were inserted into the right forearm vein, one for the administration of epinephrine and the other for propofol.
Propofol was infused at 4 mg/kg per hour throughout
the study. After a 35-minute propofol infusion, hemodynamic measurements were taken to obtain the value
during sedation alone. Then, epinephrine was also
given and variables were determined in the same way
as for the E group.
M ⫹ E group. In this group, midazolam was infused
at 0.2 mg/kg per hour throughout the study. Thirty-five
minutes after the beginning of midazolam, epinephrine
was simultaneously infused. Hemodynamic and autonomic variables were then determined.
N ⫹ E group. An intravenous catheter was inserted
into the right forearm vein for the administration of
epinephrine. Each subject inhaled a gas mixture of
nitrous oxide and oxygen by using a face mask at 10
L/min. The end-tidal concentration of nitrous oxide was
monitored by an anesthetic gas analyzer (BP-508; Nihon Colin, Tokyo, Japan) and adjusted to between 20%
to 25%. Thirty-five minutes after the inhalation of
nitrous oxide, epinephrine infusion was started. During
the study, the end-tidal concentration of carbon dioxide
and respiratory rate were measured.
In the preliminary study, we simulated the concentration time profile with the computer software package
PKSIM25,26 when 4mg/kg per hour of propofol or
0.2mg/kg/min of midazolam was given intravenously.
That study showed that it would take 35 minutes before
the plasma concentration of the drug reached a plateau
level. So, we studied the effects of epinephrine 35
minutes after the beginning of each sedation.
Statistical analysis
Measurement values obtained before the drug treatment were regarded as baseline values. Hemodynamic
data during the testing was expressed as the percentage
change from baseline. Absolute values for the plasma
catecholamine concentration were used. The distribu-
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tions of the LF and HF power and the HR-LF/HF ratio
were skewed, so a logarithmic transformation was applied. After transformation, they took on a normal
distribution. The data was reported as means ⫾ SD.
Statistical analysis was performed with the SPSS
software package (SPSS Inc., Chicago, IL). The obtained results were statistically analyzed using 1-way
analysis of variance (ANOVA) for repeated measures,
followed by Tukey’s test to adjust for multiple comparisons. Statistical comparisons between groups were
assessed using Dunnett’s test. A P value ⬍ .05 was
considered to indicate statistical significance.
RESULTS
Hemodynamic effects
The cardiovascular responses in each group are
shown in Table I. In the E group, epinephrine infusion
resulted in a significant increase in HR, SV, and CI in
a dose-dependent fashion. During epinephrine infusion
at 50 ng/kg per minute, HR, SV, and CI increased by
19.5%, 18.2%, and 40.7%, respectively. However,
mean arterial pressure (MAP) did not show any significant changes because the increased cardiac output was
reversed with reduced TPR. At the highest infusion rate
of epinephrine, a 28.4% reduction in TPR occurred.
Rate pressure product, an index of myocardial oxygen
consumption, increased by 24.0% at the highest rate of
epinephrine.
The plasma catecholamine concentrations before and
after the infusion of epinephrine are listed in Table II.
The plasma epinephrine concentration was 24.6 ⫾ 3.5
pg/mL at baseline and increased to 592.3 ⫾ 62.8 pg/mL
during epinephrine infusion at 50 ng/kg per minute. No
significant changes were noted in the plasma norepinephrine concentration.
After the 35-minute infusion of propofol, MAP decreased by 12.4% of baseline, while HR did not show
any significant change. SV and CI decreased by 15.9%
and 18.6%, respectively. Consequently, propofol
caused a 14.4% reduction in RPP. When epinephrine
was infused with propofol, HR increased in a dosedependent fashion, but the fall in MAP was maintained.
During epinephrine infusion at 50 ng/kg per minute,
HR increased by 16.0%, and there was no significant
difference between E and P ⫹ E groups. The reduced
SV and CI due to propofol were reversed with epinephrine, so there were no significant differences compared
with the baseline value. However, CI in the P ⫹ E
group was significantly lower than that in the E group
during epinephrine infusion at 50 ng/kg per minute.
After the 35-minute midazolam infusion, HR increased by 7.4%, while SV decreased by 14.9%. Midazolam infusion did not induce any significant
changes in the other variables. After the administration
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Table I. Percentage changes in hemodynamic parameters after sedation and during epinephrine infusion
HR (%)
E
P⫹E
M⫹E
N⫹E
SBP (%)
E
P⫹E
M⫹E
N⫹E
DBP (%)
E
P⫹E
M⫹E
N⫹E
MAP (%)
E
P⫹E
M⫹E
N⫹E
SV (%)
E
P⫹E
M⫹E
N⫹E
CI (%)
E
P⫹E
M⫹E
N⫹E
TPR (%)
E
P⫹E
M⫹E
N⫹E
RPP (%)
E
P⫹E
M⫹E
N⫹E

Postsedation

10 ng/kg/min

25 ng/kg/min

50 ng/kg/min

⫺3.4 ⫾ 5.6§
⫹7.4 ⫾ 4.9*#
⫺7.9 ⫾ 4.7

⫹1.0 ⫾ 3.9‡
⫹4.9 ⫾ 8.3§
⫹16.8 ⫾ 7.1*#
⫹0.4 ⫾ 5.3

⫹9.7 ⫾ 7.3*‡
⫹8.8 ⫾ 6.3*§
⫹27.3 ⫾ 6.2*#
⫹7.8 ⫾ 6.0

⫹19.5 ⫾ 8.7*‡
⫹16.0 ⫾ 10.8*§
⫹37.5 ⫾ 10.3*#
⫹20.2 ⫾ 12.6*

⫺11.1 ⫾ 6.1*
⫺5.5 ⫾ 5.6
⫹4.0 ⫾ 6.6

⫺3.0 ⫾ 2.9
⫺13.3 ⫾ 6.0*
⫺6.8 ⫾ 6.9
⫺1.8 ⫾ 8.1

⫺1.8 ⫾ 4.2
⫺9.1 ⫾ 8.8
⫺5.1 ⫾ 9.6
⫹0.3 ⫾ 4.9

⫹3.7 ⫾ 2.3
⫺5.1 ⫾ 9.2
⫹2.0 ⫾ 10.4
⫹4.2 ⫾ 1.2

⫺13.2 ⫾ 8.8*
⫺8.9 ⫾ 7.9
⫹5.9 ⫾ 2.9

⫺4.8 ⫾ 5.7
⫺23.4 ⫾ 9.0*
⫺11.6 ⫾ 10.4*
⫹3.1 ⫾ 8.2

⫺5.6 ⫾ 3.8
⫺20.4 ⫾ 11.6*
⫺13.6 ⫾ 15.5*
⫺2.0 ⫾ 6.8

⫺5.0 ⫾ 4.5
⫺15.1 ⫾ 13.3*
⫺15.4 ⫾ 12.2*
⫹0.0 ⫾ 8.9

⫺12.4 ⫾ 7.0*¶
⫺7.1 ⫾ 6.6
⫹4.8 ⫾ 4.7

⫺4.0 ⫾ 4.4
⫺18.7 ⫾ 6.9*¶
⫺9.3 ⫾ 8.6
⫹2.6 ⫾ 8.2

⫺3.8 ⫾ 3.6
⫺15.0 ⫾ 9.9*
⫺9.7 ⫾ 13.0
⫺1.0 ⫾ 5.0

⫺0.9 ⫾ 2.4
⫺10.3 ⫾ 11.0
⫺7.3 ⫾ 10.6
⫹1.8 ⫾ 5.2

⫺15.9 ⫾ 11.1*
⫺14.9 ⫾ 9.1*
⫺8.1 ⫾ 13.6

⫹1.9 ⫾ 9.9
⫺16.1 ⫾ 14.3*
⫺13.6 ⫾ 8.1*
⫺9.9 ⫾ 11.2

⫹16.4 ⫾ 15.6*
⫺8.6 ⫾ 20.3
⫺1.2 ⫾ 17.4
⫺1.6 ⫾ 16.8

⫹18.2 ⫾ 19.2*
⫺5.4 ⫾ 19.6
⫹2.1 ⫾ 20.2
⫺2.2 ⫾ 22.9

⫺18.6 ⫾ 11.8*
⫺8.8 ⫾ 7.3
⫺17.4 ⫾ 13.9*

⫹3.1 ⫾ 9.7
⫺12.3 ⫾ 14.8
⫹0.9 ⫾ 9.7
⫺11.4 ⫾ 11.0

⫹27.3 ⫾ 16.8*
⫺0.8 ⫾ 20.7
⫹25.5 ⫾ 21.8*
⫹3.4 ⫾ 16.9

⫹40.7 ⫾ 21.2*†
⫹8.9 ⫾ 20.8§
⫹39.5 ⫾ 24.7*
⫹13.2 ⫾ 22.3*

⫹10.5 ⫾ 19.0
⫹2.2 ⫾ 10.7#
⫹29.3 ⫾ 18.2*

⫺5.8 ⫾ 13.2
⫺5.1 ⫾ 19.1
⫺7.8 ⫾ 9.4
⫹17.1 ⫾ 16.5

⫺24.5 ⫾ 9.0*
⫺10.5 ⫾ 26.5
⫺23.8 ⫾ 16.8*
⫺2.6 ⫾ 19.5

⫺28.4 ⫾ 9.9*†
⫺16.1 ⫾ 17.2
⫺29.3 ⫾ 16.8*
⫺6.3 ⫾ 22.3

⫺14.4 ⫾ 4.8*§
⫹1.5 ⫾ 8.8
⫺6.2 ⫾ 9.1

⫺2.0 ⫾ 4.7
⫺9.1 ⫾ 9.1
⫹9.0 ⫾ 12.4
⫹0.1 ⫾ 11.5

⫹7.8 ⫾ 10.2
⫺1.2 ⫾ 10.8
⫹21.5 ⫾ 16.0*
⫹5.8 ⫾ 7.3

⫹24.0 ⫾ 10.6*
⫹10.1 ⫾ 15.2¶§
⫹40.6 ⫾ 22.5*
⫹21.8 ⫾ 14.5*

Values are expressed as percentage of hemodynamic change from baseline (mean ⫾ SD).
HR, heart rate; SBP, systolic blood pressure; DBP, diastolic blood pressure; MAP, mean arterial pressure; SV, stroke volume; CI, cardiac index;
TPR, total peripheral resistance; RPP, rate pressure product;
*□ ⬍ .05 vs. baseline;
†
□ ⬍ .05 E vs. P ⫹ E, ‡ □ ⬍ .05 E vs. M ⫹ E, § ⬍ .05 P ⫹ E vs. P ⫹ M,
¶
□ ⬍ .05 P ⫹ E vs. N ⫹ E,
#
□ ⬍ .05 M ⫹ E vs. N ⫹ E.

of epinephrine, there was a dose-dependent increase in
HR. A 37.5% increase was seen at the highest dose of
epinephrine and was significantly higher than that in the
other groups. Consequently, CI and RPP were remarkably increased by epinephrine. The increased CI and
RPP in the M ⫹ E group were significantly higher than
those in the P ⫹ E group.
In the N ⫹ E group, data for 2 volunteers was
excluded from analysis because they became restless

and exited with the prescribed nitrous oxide inhalation.
Inhalation of nitrous oxide resulted in a 17.4% reduction in CI and a 29.3% increase in TPR, so there was no
significant change in MAP. During the highest infusion
rate of epinephrine, HR increased by 20.2%. As the
infusion rate of epinephrine rose, the reduction of CI
was reversed and eventually CI increased by 13.2%.
Rate pressure product also increased by 21.8% with 50
ng/kg per minute of epinephrine. The elevation in TPR
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Table II. Changes in plasma epinephrine and norepinephrine concentration in E group
Baseline
Epinephrine (pg/ml)
Norepinephrine (pg/ml)

Postsedation

24.6 ⫾ 3.5
224.0 ⫾ 18.4

10 ng/kg/min

25 ng/kg/min

50 ng/kg/min

151.5 ⫾ 17.8*
250.0 ⫾ 17.1

304.6 ⫾ 34.9*
247.7 ⫾ 18.4

592.3 ⫾ 62.8*
258.5 ⫾ 18.7

Data are mean ⫾ SD.
*P ⬍ .05 vs. baseline.

due to nitrous oxide inhalation disappeared by administration of epinephrine. However, hemodynamic responses to epinephrine infusion were not influenced by
nitrous oxide because there were no significant differences during epinephrine infusion between the E and
the N ⫹ E groups.
Autonomic effects
The autonomic effects in each group are shown in
Table III. All autonomic measurements remained unchanged compared with the baseline value during epinephrine infusion in E group. SBP-LF was slightly
reduced by epinephrine at 50 ng/kg per minute, but this
change was not significant.
During propofol infusion, HR-HF was reduced
when epinephrine was given at 10 ng/kg per minute.
However, the hemodynamic and autonomic effects of
10 ng/kg per minute epinephrine were so small, as
shown in the E group, that the reduction of HR-HF
was more likely to have been caused by propofol.
Thus, this change suggested decreased parasympathetic activity with propofol. Midazolam infusion
caused a decrease in HR-HF power, and this reduction was maintained during epinephrine infusion.

This finding reflects decreased parasympathetic activity. SBP-LF power showed no significant change
with midazolam, while it slightly increased during
inhalation of nitrous oxide. However this response
was not significant (P ⫽ .08), suggesting increased
sympathetic nervous activity.
We could not detect any differences in autonomic
measurements between any of the groups.
Respiratory effects
Although SpO2 decreased occasionally below 95%
during the propofol or midazolam sedation, due to
upper airway obstruction, it was easily improved by
placing the head of the subject in the sniffing position.
Therefore, the effect of hypoxia on the hemodynamic
and autonomic systems seemed to be small. Changes in
the respiratory rate may cause substantial bias in estimating HR and blood pressure variability. The respiratory rates fluctuated between 10-18 breaths per minute,
and there were no significant differences between the 4
groups for any study period. So, the effect of the
respiratory rate on HR and blood pressure variability
was also small.

Table III. Autonomic parameters after sedation and during epinephrine infusion
In SBP-LF
E
P⫹E
M⫹E
N⫹E
In HR-HF
E
P⫹E
M⫹E
N⫹E
In LF/HF ratio
E
P⫹E
M⫹E
N⫹E

Baseline

Postsedation

10 ng/kg/min

25 ng/kg/min

50 ng/kg/min

0.37 ⫾ 0.24
0.31 ⫾ 0.26
0.28 ⫾ 0.25
0.26 ⫾ 0.11

0.23 ⫾ 0.18
0.28 ⫾ 0.20
0.40 ⫾ 0.21

0.32 ⫾ 0.20
0.20 ⫾ 0.13
0.27 ⫾ 0.10
0.23 ⫾ 0.14

0.30 ⫾ 0.15
0.29 ⫾ 0.19
0.27 ⫾ 0.17
0.33 ⫾ 0.21

0.20 ⫾ 0.13
0.30 ⫾ 0.31
0.23 ⫾ 0.18
0.21 ⫾ 0.23

2.00 ⫾ 0.26
2.04 ⫾ 0.37
2.10 ⫾ 0.42
1.92 ⫾ 0.74

1.88 ⫾ 0.35
1.53 ⫾ 0.55*
1.95 ⫾ 0.79

2.10 ⫾ 0.39
1.64 ⫾ 0.60*
1.34 ⫾ 0.57*
2.16 ⫾ 0.81

1.82 ⫾ 0.33
1.70 ⫾ 0.62
1.39 ⫾ 0.63*
1.89 ⫾ 0.71

1.79 ⫾ 0.42
1.69 ⫾ 0.58
1.09 ⫾ 0.61*
1.77 ⫾ 0.80

0.30 ⫾ 0.24
0.31 ⫾ 0.24
0.30 ⫾ 0.23
0.42 ⫾ 0.41

0.23 ⫾ 0.26
0.19 ⫾ 0.22
0.53 ⫾ 0.70

0.23 ⫾ 0.11
0.36 ⫾ 0.51
0.31 ⫾ 0.29
0.33 ⫾ 0.44

0.32 ⫾ 0.11
0.44 ⫾ 0.56
0.30 ⫾ 0.32
0.37 ⫾ 0.36

0.24 ⫾ 0.19
0.41 ⫾ 0.36
0.40 ⫾ 0.42
0.40 ⫾ 0.33

Data are mean ⫾ SD.
In SBP-LF, logarithm of low-frequency power of systolic blood pressure; In HR-HF, logarithm of high-frequency power of heart rate; In LF/HF
ratio, logarithm of the ratio of low to high-frequency power of heart rate.
*P ⬍ 0.05 vs. baseline.
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DISCUSSION
In this study of healthy volunteers, we compared
their hemodynamic and autonomic responses when epinephrine was given alone with those when it was given
under sedation with propofol, midazolam, or nitrous
oxide. The major findings of this study are that propofol
suppresses the increase in CI and RPP induced by
epinephrine infusion, midazolam increases the HR due
to the suppression of parasympathetic nervous activity
and this response is accelerated by epinephrine infusion, and that nitrous oxide has no effect on the cardiovascular response to epinephrine.
Hemodynamics during infiltration anesthesia are
greatly affected not only by the agent, especially for
vasoconstrictors, but also by the pain and anxiety associated with the injection.27-29 Pain and anxiety cause
the release of endogenous catecholamine, and the effect
of these stressors on hemodynamics can be greater than
of the drug. Therefore, it is necessary to eliminate such
effects as much as possible when attempting to evaluate
the effects of the agent alone. Epinephrine infusion is
the best way to carry this out and has some definitive
advantages. First, the effects of pain and anxiety associated with injection can be avoided. Secondly, infusion
of epinephrine at a fixed rate can be ensured, and
repeated doses of epinephrine at different rates enable
the reduction of the number of tests that need to be
performed.
The rate of epinephrine infusion that causes cardiovascular responses similar to those caused by
infiltration anesthesia into the oral region was determined in a previous study.15 There, cardiovascular
responses to infiltration anesthesia with 1 cartridge
of 2% lidocaine containing 22.5 g of epinephrine
were almost equivalent to those produced by epinephrine infusion at 10 ng/kg per minute. Furthermore, hemodynamic changes caused by epinephrine
infusion at 50 ng/kg per minute could be equivalent
to those induced by injection of 5 cartridges. We
compared the effects of 3 sedatives on the hemodynamic response to epinephrine. Although each sedative drug might not have provided the same level of
sedation, all subjects fell asleep but exhibited purposeful reaction to verbal or mild physical stimulation after induction. Therefore, the sedation level
was thought to be similar in each group. Wilson et
al.30 reported that mean infusion rates of 3.63 mg/kg
per hour propofol and 0.26 mg/kg per hour midazolam sedated patients who receive spinal anesthesia,
while Mackenzie and Grant31 found that sedation
with propofol was maintained at 4.1mg/kg per hour
in patients less than 65 years of age. Runes and
Strom32 used intravenous sedation with midazolam
in oral surgical procedure and stated that the mean
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dose of midazolam was 0.15mg/kg per hour. On the
basis of those studies, we administered propofol at
3.0 mg/kg per hour and midazolam at 0.20 mg/hg per
hour. In dental practice, about 30% nitrous oxide is
usually given to a patient to cause sedation. When
30% nitrous oxide is given with a nasal mask, the
end-tidal concentration of nitrous oxide corresponds
with about 20% to 25%, according to our previous
study.33 However, because we had to maintain a
stable end-tidal concentration of nitrous oxide, we
used a face mask instead of a nasal mask to respond
to respiration through the mouth and reduce gas
leakage from the mask. Although nitrous oxide sedation was successfully performed in 7 of 9 subjects,
the remaining 2 subjects became restless and excited
by inhaling the nitrous oxide, and so they were
excluded from the N ⫹ E group. The sedation level
produced by 20% to 25% of nitrous oxide was too
deep for them.
Spectral analysis of HR and blood pressure variability permits the noninvasive assessment of autonomic
nervous activity. The HF component of HR is mediated
by the parasympathetic nervous system and attributable
to respiratory sinus arrhythmia.18 The LF/HF ratio of
HR variability is a useful index of cardiac sympathetic
nervous activity, and the LF component of the SBP
variability is a good marker of peripheral sympathetic
nervous activity.17 Therefore, analysis of the HR and
blood pressure variability enables permits assessment
of the autonomic response produced by sedative drugs
and epinephrine.
In this study, the hemodynamic responses to epinephrine were increased HR, CI and RPP, and decreased TPR in a dose-dependent manner. Consequently, there were no significant changes in blood
pressure. These findings are consistent with those of
previous studies.15,34 It is difficult to evaluate the effects of epinephrine on the HR and blood pressure
variability because the direct effects of circulating epinephrine on the heart and vessels affect the HR and
blood pressure variability, and the response of the endorgan in turn affects the central sympathetic nervous
system. Published data on the effect of epinephrine on
the HR and blood pressure variability are conflicting.
Ahmed et al.35 and Schachinger et al.36 did not find any
significant changes in HR and blood pressure variability during epinephrine infusion. On the other hand,
Tulen et al.37 revealed increased LF power of SBP, but
they failed to show any changes in the HR variability.
Although we noted significant hemodynamic changes
during epinephrine infusion, we could not detect any
changes in the HR and blood pressure variability. We
speculate that the HR and blood pressure variability
mediated by the autonomic nervous system were over-
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whelmed by the direct effect of epinephrine on the
end-organ.
Thirty-five minutes after beginning the use of propofol, it caused a 12% fall in the MAP, and this response
did not return to baseline until epinephrine was given at
the highest rate. Propofol produces dose-dependent
falls in blood pressure and cardiac output.38 Monk et
al.39 and Brussel et al.40 observed a significant decrease
in blood pressure, cardiac output, and systemic vascular
resistance following propofol administration. Our results were consistent with theirs. The cause of the fall in
blood pressure during propofol infusion was most
likely to be a decrease in systemic vascular resistance
or cardiac output caused by a combination of venous
and arterial vasodilatation. Depression of myocardial
contractility might not have developed at the small dose
of propofol that we used.41
Propofol affects the peripheral and central autonomic
nervous systems. In a study that measured peripheral
sympathetic nervous activity, propofol anesthesia reduced muscle and renal sympathetic nervous activity.
Deutschman et al.42 and Galletly et al.43 observed a
significant reduction in the HR-HF power after administering propofol. In our study, HR-HF was reduced
when propofol and the smallest dose of epinephrine
were given simultaneously. At this infusion rate of
epinephrine, the autonomic and hemodynamic effects
of epinephrine were so small that the possible cause of
reduced HR-HF was thought to be due to propofol. This
finding reflects the reduction of parasympathetic nervous activity, which was mediated by the baroreceptor
reflex to the decrease in blood pressure caused by
propofol.
When epinephrine was given during propofol administration, the hemodynamic response to epinephrine
was blunted by propofol. Thus, changes in CI and RPP
in the P ⫹ E group were significantly smaller than those
in the E group. These findings suggest that propofol can
alleviate the hemodynamic effects of epinephrine.
However, we could not find any differences in the
autonomic variables between the P ⫹ E and E groups.
Midazolam has minimal cardiovascular effects 35
minutes after induction, except for a 7% increase in HR
and a 15% decrease in SV. The HR response to midazolam remains controversial.30,44-46 The primary reason
underlying conflicting results is the methodological variety of their studies, such as dosing, the route of
administration, and the condition of each subject.
However, it has been confirmed in human laboratory
studies that benzodiazepines increase HR by suppressing cardiac vagal activity. DiMicco47 reported that midazolam increased HR and that this effect could be
prevented by the cholinergic receptor antagonist atropine. This suggests that midazolam-induced tachycar-
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dia is subject to vagal control. Agelink et al.46 also
elucidated that an increase in HR and a significant
reduction in the HR-HF power occurred after intravenous midazolam.
We found that an increase in HR and the reduction in
HR-HF occurred 35 minutes after the induction of
midazolam. An increase in HR combined with a reduction in the HR-HF power after administering midazolam was considered to be evidence for a benzodiazepine-induced vagolytic effect. In our study, we
observed the highest HR after the combination of midazolam and epinephrine, which led to significant increases in CI and RPP. If a large amount of epinephrine
were to be given under sedation with midazolam, a
marked increase in HR could develop due to the midazolam-induced vagolytic effect and the epinephrineinduced sympathomimetic effect. Therefore, when a
large dose of epinephrine is required for surgical procedure, intravenous sedation with midazolam might not
be called for because of the possible resultant tachycardia.
Nitrous oxide exerts a weak sympathomimetic effect.48 Eisele and Smith49 showed that an increase in
the TPR occurred after 30 minutes of exposure to 40%
nitrous oxide. We observed a 29% increase in TPR,
which was consistent with their results.
Sellgren et al.50 and Ebert and Kampine51 observed
an increase in the efferent activity of sympathetic muscle nerve fibers during exposure to nitrous oxide. In our
study, we also observed a slight increase in the SBP-LF
power, which reflects the enhanced sympathetic tone in
peripheral vessels. Since we could not show significant
differences in any variables between the N ⫹ E and E
groups after the administration of epinephrine, it seems
that nitrous oxide sedation has no effect on the hemodynamic and autonomic responses produced by epinephrine.
In conclusion, this study shows that propofol can
alleviate the effects of epinephrine and that midazolam
and nitrous oxide have no advantage on hemodynamics
when a large dose of epinephrine is administered. Intravenous sedation with propofol is useful during oral
surgery in which a large amount of epinephrine is
required.
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