tghul 2heks) 2] 2007; 53: S 7~13
Korean J Anesthesiol Vol. 53, No. 3, September, 2007

]
02
Mo
i
Mo
O

The Effects of Lidocaine, Fentanyl, Nicardipine, and Esmolol
on Hemodynamic and Bispectral Index Responses during
Induction with Thiopental Sodium
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Background: The laryngoscopy and tracheal intubation may accompany with undesirable side effects such as hypertension,

tachycardia, arrhythmia, and awareness. The aim of this study was to investigate whether the correlation between the hemodynamics

and bispectral index (BIS) changes after tracheal intubation following the administration of various adjuvants to attenuate tracheal

response exists or not.
Methods:

The patients were randomly assigned to one of five groups (control, lidocaine, fentanyl, nicardipine, or esmolol)

and the drugs were administered at preselected time before tracheal intubation. The heart rate (HR), blood pressure, rate-pressure
product (RPP), BIS and the episode of BIS more than 65 (BIS > 65) were measured.

Results:

There were significant differences in the mean arterial pressure and RPP between control group and other groups.

The HR was the most attenuated in esmolol group. The HR and RPP was the most increased in nicardipine group except control

group. There was no significant difference in the maximal BIS among the five groups.

group and 0.3% in nicardipine group.

The BIS > 65 were 50% in control

Conclusions: All the adjuvant drugs in the study attenuated with a various degree of the tracheal responses. However, there

was no correlation between the changes of hemodynamics and BIS after the administration of various adjuvants following tracheal

intubation. (Korean J Anesthesiol 2007; 53: S 7~13)
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INTRODUCTION

Laryngoscopy and tracheal intubation may accompany hyper-
tension, tachycardia, arrhythmia and awareness > and it is well
recognized that these tracheal responses are mediated by sym-

pathetic responses. A number of pharmacologic interventions,
)

such as local anesthetic,S’6 0pi0ids,7’8) calcium channel
blockers,”"”  short acting [3-adrenergic blockers,"” and their
combinations'’” have been used to attenuate the reflex

responses to tracheal intubation. The theoretical background of
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the use of these drugs for laryngoscopy and tracheal intubation
is that the
sympathetic

these measures attenuate
by blocking

discharge caused by stimulation of the upper airway.

adjuvant might

hemodynamic responses intense

Bispectral Index (BIS) has been proposed as a measure of
the pharmacologic anesthetic effect on the central nervous sys-
tem (CNS) and used as an indicator of degree of CNS de-
pression. The numeric index directly reflects the activity of
cerebral cortex.”™'? BIS value more than 65 (BIS = 65) has
a possibility of recall and conscious perception.'” BIS may
significantly increased by the laryngoscopy and tracheal in-
tubation. However, the tracheal reflex response is mediated at
the subcortical level and thus may be unrelated between hemo-
dymics and BIS values."” In addition, little is known that the
change in BIS value immediately after tracheal intubation is
directly related with the hemodynamic change.

Some drugs are known to have an effect on BIS value,

even though they are not anesthetics.>'® However, there has
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been no comparison study to investigate the changes in
hemodynamic and BIS responses concurrently following various
adjuvant measures after laryngoscopy and tracheal intubation.
We evaluated the change in hemodynamic and BIS responses
simultaneously to laryngoscopy and tracheal intubation accord-
ing to the administration of lidocaine (a local anesthetic), fen-
tanyl (an opioid), nicardipine (a calcium channel blocker), and
esmolol (a [-blocker), which are commonly used in clinical

settings.

MATERIALS AND METHODS

After obtaining approval from the Clinical Investigation Com-
mittee and written informed consent, 150 ASA physical status
I or II patients, aged 20 to 65, undergoing elective surgery
requiring tracheal intubation were enrolled. The patients with
cardiopulmonary disease, obesity, smoking history, expectation
of difficult airway, intake of concurrent vasoactive medication,
and previous adverse response to hypnotics and inhaled agents
were excluded from the study. The patients’ age, gender, height,
and weight were recorded.

All patients were premedicated with midazolam (7.5 mg
orally) the night before the operation and intramuscular 2-2.5
mg midazolam and 0.2 mg glycopyrrolate, 30 minutes before
entering the operating room. After arrival in the operation
room, lead II of an electrocardiogram on the patient’s back
and saturation via pulse oximetry (SpO;) at patient’s finger
were continuously monitored. An automated blood pressure
cuff was applied to the right arm to check blood pressure.
Because of the relative simple operation and ethical issues, we
did not use invasive arterial blood pressure monitoring. To

insure uniform conditions, the same monitoring equipment was

Thiopental sodium
5 mg/kg

Lidocaine Esmolol
2 mg/kg 1 mg/kg

v vV

used in all patients (M1041A, Hewlett-Packard, Germany). For
all
minutes, fresh gas flow 6 L/min, using a face mask connected

this

preoxygenation, patients breathed pure oxygen for 3

to a semiclosed breathing circuit. During period,
preinduction hemodynamic data were measured and served as
baseline. A 20-gauges intravenous catheter was inserted in the
left the purpose and fluid
administration. Before anesthetic induction, electrodes for BIS
BIS™ monitor 2000, Aspect Medical System, USA) were

placed on the forchead and the baseline BIS value was re-

forearm vein for of drug

corded. The electrodes used were disposable BisSensor strips
(Aspect Medical System, USA). Hemodynamic data, including
heart rate (HR), systolic blood pressure (SBP), mean arterial
pressure (MAP), and BIS values were recorded from the
beginning of anesthesia and at every minute after tracheal
intubation. The episode of BIS > 65 during the experimental
period were documented. The final values were recorded until
5 minutes after tracheal intubation. The rate-pressure product
(RPP) was calculated by SBP x HR.

The patients were randomly assigned to one of five groups
with 30 patients in each category in a double-blind manner,
depending on experimental measures. Group C was the control
group. Group L patients received 2 mg/kg of lidocaine
(Lidocaine HCI®, Huons, Korea), 3 minutes before intubation.
Group F pateints received 2ug/kg of fentanyl (Fentanyl‘@,
Hana Pharmacy, Korea), 4 minutes before intubation. Group N
patients received 30pg/kg of nicardipine (Perdjpine®, Dong-A
Pharmacy, Korea), 2 minutes before intubation. Group E
patients received 1 mg/kg of esmolol (Brevibloc®, Jaeil
Pharmacy, Korea), 90 seconds before intubation (Fig. 1). Each
study drug was preset to 10 ml of the total volume mixed

with normal saline. The preselected timing and doses for each

4 min 3 min 2 min 1 min

Hemodyanmics and BIS recording

t t t

Intubation 1

Fentanyl
2 nglkg

Nicardipine
30 pg/kg

Rocuronium bromide
0.6 mg/kg

T

2
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t ot

3 4 5min Fig. 1. Details of study. Fentanyl, lido-
caine, nicardipine, and esmolol were
administered at 4, 3, 2, and 1.5 min,
respectively, before tracheal intuba-

tion. BIS: bispectral index.



drug were based on the previous reports.s’”) In each group, 10
ml of normal saline was administered at every preselected time
(4 minutes, 3 minutes, 2 minutes, and 90 seconds before
tracheal intubation) except for an experimental drug. The total
50 ml the

aware of this design when he

injection volume was in each patient and

anesthesiologist was not
performed laryngoscopy and tracheal intubation.

In all groups, 5 mg/kg thiopental sodium and 0.6 mg/kg
rocuronium bromide were intravenously administered 2 minutes
and 90 seconds before tracheal intubation, respectively, to fa-
cilitate laryngoscopy and tracheal intubation. After loss of con-
sciousness, positive pressure ventilation using bag-valve-mask
apparatus and 100% oxygen with continuous cricoid pressure
was performed. Laryngoscopy and tracheal intubation were per-
formed within 10-20 sec (T-int, time from laryngoscopy to
intubation) by the same anesthesiologist who was blinded to
the study drugs. Neither patient nor the anesthesiologist were
aware of the experimental drugs. For safety and ethical prob-
lem, we excluded patients with HR more than 130 bpm and
an SBP more than 200 mmHg or less than 80 mmHg after
tracheal intubation from the study. Eliminated patients were

replaced by others. After tracheal intubation, the patients were

Table 1. Demographic Data (Each n = 30)

Group Age (yr) Sex (M/F) Weight (kg) Height (cm)
Control 477 + 143  13/17 613 £ 92 1602 + 9.2
Lidocaine 48.0 + 14.1  14/16 62.1 + 10.8 1622 + 94
Fentanyl 496 + 173 15/15 609 +£ 9.8 1623 + 9.5
Nicardipine 43.1 + 140 17/13 614 * 112 161.6 + 94
Esmolol 422 + 141 17/13 653 £ 112 1643 + 7.5

Values are Mean * SD except sex (number of patients). There were
no statistical differences among the five groups.

Table 2. Changes in Heart Rate (bpm) after Tracheal Intubation
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ventilated mechanically with a tidal volume of 10 ml/kg and a
fixed respiratory rate, 10 rates/min and with 2% sevoflurane in
a mixture of 50% N,O/O, at 4 L/min. The patient was left
undisturbed for an additional 5 minutes of hemodynamic and
BIS recordings, at which point the study was terminated. The
occurrence of hypertension, hypotension, bradycardia, bron-
chospasm, and arthythmia was noted when anesthesia was
induced.

Data was presented as mean * standard deviation (SD).
SPSS software (SPSS for windows, Release 12.0; SPSS Inc,
Chicago, IL USA) was used to perform data analysis. Sta-
tistical analysis for demographic data was done by using one
way-ANOVA and the incidence of episode of BIS
analyzed by X -test. Changes in hemodynamics were analyzed
< 0.05 were

>

65 was

by repeated measures of ANOVA. P values

considered statistically significant.

RESULTS

There were no significant differences in demographic data
among groups (Table 1). There was no significant difference in
the time from laryngoscopy to tracheal intubation among the
6.1, 152 £ 20, 147 £ 15, 150 =
1.3 seconds in group C, group L, group F,

five groups (17.8 +
1.3 and 153 *
group N and group E, respectively). The baseline values of
HR, MAP, RPP were not significantly different among the five
groups (Table 2-4). None of the patients had an abnormal
ECG or an SpO; less than 98% during the experimentation.
Eight patients were excluded due to the study’s hypertensive
criteria during the study (four in group C, two in group E,
one in group N, and one patient in group F) and others
replaced these patients.

In group C and group N, the HR increased significantly

Time after tracheal intubation Repeated
Group Baseline measures
1 min 2 min 3 min 4 min 5 min ANOVA
Control 773 £ 150 1003 + 15.3* 93.7 + 14.6% 91.0 + 13.9% 89.0 + 14.1* 88.0 + 13.9% !
Lidocaine 84.0 = 19.6 91.9 £ 15.0% 869 = 153 83.0 = 15.0 80.7 + 144 81.5 = 145 8
Fentanyl 762 + 14.1 98.5 + 16.8* 932 * 164* 88.5 + 159 873 + 15.7% 86.8 £ 15.0% ¥
Nicardipine ~ 78.9 * 13.2 97.8 + 19.5% 99.0 + 10.6* 96.1 + 11.7*% 923 £ 12.1* 904 * 11.6* 1
Esmolol 825 + 13.6 814 + 123 80.6 £ 11.5 798 + 11.8 78.2 £ 10.8 775 + 10.7* TE O

Values are Mean + SD. *: P < 0.05 vs. baseline,
0.05 vs. nicardipine, . P < 0.05 vs. esmolol.

"L P < 005 vs. control,

S9

+

;P < 005 vs. lidocaine, *: P < 0.05 vs. fentanyl, "p <



Korean J Anesthesiol : Vol. 53. No. 3, 2007

Table 3. Changes in Mean Arterial Pressure (mmHg) after Tracheal Intubation

Time after tracheal intubation Repeated

Group Baseline measures

1 min 2 min 3 min 4 min 5 min ANOVA

Control 95.0 = 132 124.6 + 25.1% 1149 + 21.0% 103.8 + 18.7* 955 + 173 90.6 + 15.1 B

Lidocaine 944 + 16.0 105.8 + 22.0* 974 + 19.0 89.8 + 18.6 839 + 16.8* 79.6 £ 14.1* '
Fentanyl 912 + 114 109.4 + 22.4% 979 + 15.8% 899 + 14.8 84.1 + 13.6* 80.8 + 12.1* '
Nicardipine 96.7 + 16.0 102.3 + 17.8 96.3 + 16.5 88.2 + 15.3* 84.7 + 13.1% 78.8 + 11.5% '
Esmolol 96.1 * 14.6 103.1 + 17.0* 100.9 + 14.5% 92.6 + 12.8 862 + 12.2% 82.0 + 10.7* '

Values are Mean + SD. *: P < 0.05 vs. baseline,
0.05 vs. nicardipine, . P < 0.05 vs. esmolol.

"L P < 005 vs. control,

;P < 005 vs. lidocaine, *: P < 0.05 vs. fentanyl, "p <

Table 4. Changes in Rate-Pressure Product (1/103 mmHg-beats/min) after Tracheal Intubation

Time after tracheal intubation Repeated
Group Baseline measures
1 min 2 min 3 min 4 min 5 min ANOVA
Control 10.1 + 2.1 17.0 £ 3.7* 14.8 £ 3.9* 13.0 + 3.0% 11.7 £ 2.9* 109 £+ 25 B
Lidocaine 11.0 + 33 133 + 34% 11.7 + 3.1 103 + 2.8 9.2 + 2.4* 8.8 + 2.1% i
Fentanyl 99 + 28 14.6 £ 3.9* 124 + 3.0* 109 + 2.7* 10.0 £ 2.5 94 + 20 '
Nicardipine 104 + 24 135 + 3.7% 13.0 + 2.5% 11.1 + 2.6* 105 £ 2.0 9.7 + 1.8* i
Esmolol 10.7 £ 25 113 £ 2.7 10.8 + 2.2 99 + 1.7% 9.1 £ 1.4* 8.6 + 1.4* T

Values are Mean + SD. *: P < 0.05 vs. baseline, TP < 005 vs. control,

0.05 vs. nicardipine, . P < 0.05 vs. esmolol.

Table 5. Changes in Bispectral Index after Tracheal Intubation

;P < 005 vs. lidocaine, %: P < 0.05 vs. fentanyl, "p <

Time after tracheal intubation Repeated

Group Baseline measures

1 min 2 min 3 min 4 min 5 min ANOVA
Control 953 + 4.2 60.6 + 8.7 61.5 £ 92 613 + 49 587 + 6.0 553 + 7.6 il

Lidocaine 935 £ 78 50.5 £ 15.9 51.7 £ 13.6 50.1 £ 12.9 485 + 10.9 47.6 £ 10.2 81

Fentanyl 929 + 5.7 51.6 = 10.1 53.6 £ 9.0 543 + 0.2 515 + 6.5 504 + 7.2 #"
Nicardipine 94.6 = 4.0 62.8 £ 8.6 595 £ 6.7 557 £ 6.1 542 £ 6.6 524 £ 74 *"
Esmolol 934 + 47 578 + 93 557 + 8.1 529 + 59 508 + 54 487 + 54 *"

Values are Mean = SD. *: P < 0.05 vs. control, T

" P < 005 vs. esmolol.

compared to the baseline value until 5 minutes after tracheal
intubation. In group E, however, the HR was maintained until
4 minutes and decreased at 5 minutes after tracheal intubation
(Table 2). There was a significant difference in the change in
HR between group C and group E.

The MAP was displayed in table 3. In group C, the MAP

increased until 3 minutes after tracheal intubation and returned

S 10

P < 0.05 vs. lidocaine, F1 P < 005 vs. fentanyl, Y P < 005 vs. nicardipine,

to the baseline value at 4 and 5 minutes after tracheal
intubation. However, the MAP decreased compared to the
baseline values at 4 and 5 minutes in group L, group F, and
group E, and at 3, 4, and 5 minutes in group N. There was a
significant difference in overall changes of MAP between
control group and other groups.

The changes in RPP are displayed in table 4. The RPP
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Fig. 2. Percent of patients with bispectral index more than 65 after
tracheal intubation. *: P < 0.05 vs control, Y. P < 005 vs

nicardipine.

increased after tracheal intubation from 1 to 4 minutes in
group C, at 1 minute in group L, from 1 to 3 minutes in
group F, and from 1 to 5 minutes in group N. However, the
RPP in group E were maintained at the baseline value (10.7
+ 25 x 10° mmHg-beats/min) until 2 minutes after tracheal
intubation and decreased at 4 and 5 minute after tracheal in-
tubation (9.1 1.4 and 8.6

respectively)(Table 4). There were significant differences in the

+

+ 14 x 10° mmHg-beats/min,
RPP between group C and the other groups.

The baseline BIS values in group C, group L, group F,
group N and group E were 95.3 = 4.2, 935 7.8, 929 +
5.7, 94.6 4.0, and 93.4%4.7, respectively (Table 5). There

were no significant differences in baseline BIS values and the

+

+

+

changes in BIS after tracheal intubation among five groups.
>

The patients who experienced episodes of BIS 65 were

evaluated (Fig. 2). In control group, 50% (15 patients) of the
>

patients had an episode of BIS 65. Patients who sustained
the episode of BIS 65 were 9 (30%) in group L, 4
(13.3%) in group F, 1 (3.3%) in group N, and 5 (16.7%) in

group E, respectively.

>

DISCUSSION

The administration of lidocaine, fentanyl, nicardipine or
esmolol during induction with thiopental sodium attenuated
with a various degree of hemodynamic and BIS responses
following tracheal intubation. However, the changes in tracheal
response were not coincident with the changes in BIS re-

sponses following different adjuvants.

Hyoung Yong Shin, et al : Bispectral Index and Hemodynamic Change

The unintentional awake intubation and the explicit memory
of such an incident is one of the most consequential concerns
during anesthetic practice. Awareness is an unpleasant and
traumatic experience and has the considerable potential for
morbidity, including severe emotional stress and post-traumatic
stress disorder.”” To our knowledge, however, little study has
been performed on how adjuvants for blunting the tracheal
response might be influential on the change in BIS or not.
Through this study, the authors would like to find out whether
the correlation between the changes in hemodynamics and BIS
values exists or not following various adjuvant measures for
tracheal intubation.

BIS value over 80 has been known to be associated with a
high incidence of awareness and a value more than 65 is
recommended for adequate sedation."™"” In our present study,
the episode of BIS

awareness as in Glass et al”” In group C, the hemodynamics,

>

65 was regarded as the possibility of

including HR, MAP and RPP, were more increased than any
65. With
exception of the group C, the incidence of BIS > 65 was

>

other group and half of the patients had BIS

highest in group L (30%) and lowest in group N (3%).
However, the HR and RPP in group N were more increased
than all the other experimental groups. This result may suggest
that the change in BIS after administration of adjuvants for
suppression of tracheal response is not coordinated with the
change in the hemodynamics.

Although the hemodynamic responses are the most com-
monly used measures to judge the depth of anesthesia, they
are not precise tools for judging anesthetic depth. BIS has
been widely used to identify and reduce the incidence of
awareness during the anesthetic induction. BIS is highly cor-
related with the level of sedation and the loss of consciousness
for volatile agents and most of the intravenous anesthetic
agents.lg) BIS is a safe and simple measurement to detect the
hypnotic component of anesthesia,”” however, it may not pre-

dict the awareness reaction to
1722)

intubation in surgical pa-
tients and the effectiveness is still questionable. In addition,
BIS value may be changed in response to drugs and stim-
ulations such as cardiovascular or somatic responses.

A major reason for the increased risk of awakening during
the anesthetic induction is the pharmacokinetic properties of
the hypnotic drug that is administered as a single bolus during
the induction period.”” The rapid decrease in the hypnotic
effect sites concentration in combination with the stressful

tracheal intubation are crucial to the development of aware-
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17,23)
ness.

Thiopental sodium 4 mg/kg is more likely to be associated
with lighter planes of anesthesia and the consequent risk of
awareness than propofol 2 mg/kg after tracheal induction, if
intubation is delayed or prolonged.24) In our study, 5 mg/kg of
thiopental sodium was used as a hypnotic for tracheal in-
tubation. Inhalational anesthetics are also known to produce
dose dependent effects on BIS value. In our present study, the
same dose of 2% sevoflurane was administered with adjuvants
throughout the examination of all patients. The effect of
sevoflurane was not a considerable factor in the study. Na-
kayama et al.®> demonstrated that the anesthesia with 2 MAC
of

adjuvants was effective to suppress the change in BIS due to

(minimum alveolar concentration) sevoflurane  without
tracheal intubation. However, 2 MAC of sevoflurane did not
prevent the changes in hemodynamic responses after tracheal
intubation in their study.

Although the efficacy remains controversial, lidocaine has
been known to have a suppressive effect on the circulatory
responses due to the laryngoscopy and tracheal intubation.”
Lidocaine, given intravenously, has an analgesic effect on the
dorsal horn neurons and produces cardiovascular suppression
via an effect on the CNS.”® In the present study, the RPP in
group L increased at 1 minute and decreased at 4 and 5
minutes after tracheal intubation. In group N, the RPP in-
creased from 1 to 3 minutes after tracheal intubation. How-
ever, the changes in BIS values were not different between
group L and group N. In addition, the incidence of BIS > 65
was highest in group L, except in group C.

Fentanyl, an opioid, is commonly used opioid that combined
with hypnotic agents to minimize the hemodynamic responses
to tracheal intubation.”” In this study, fentanyl modified
hemodynamic responses due to tracheal intubation but did not
affect the BIS responses. Nicardipine, a L-type calcium channel
blocker, has been known to have no effect on BIS. Hirota et
al®® evaluated the effect of nicardipine on BIS in hypertensive
patients during general anesthesia. Clinical dosage of ni-
cardipine did not alter the BIS during general anesthesia in
their study. In our study, the incidence of BIS > 65 was the
lowest in group N despite the most increase in RPP after
tracheal intubation.

Esmolol, a short acting [3l-adrenoceptor antagonist, can be
used to reduce tachycardia and blood pressure for anesthetic
induction. Beta-adrenergic agonists are well known to have the

effect of enhancement of behavioral and electroencephalogra-

phic arousal reactions.”” Conversely, [3-adrenoreceptor antago-
nists such as isoprenaline or epinephrine decrease EEG indices
of arousal.”” Menigaux et al™ reported that esmolol had not
only attenuation of the hemodynamic responses but also the
suppression of BIS arousal reactions due to the laryngoscopy
and tracheal intubation in patients anesthetized with propofol.
They used a continuous infusion of esmolol and propofol to
keep the patients’ BIS value below 65 during the measuring
time. However, in our study, we could not find the effect that
esmolol had on lowering the BIS value immediately after
tracheal intubation in respect of the changes in BIS and BIS
>

65. The difference between our result and Menigaux’s
result may come from the administration method and dosage
of esmolol. In our study, esmolol as a bolus (I mg/kg) was
administered, however, esmolol was administered as a con-
tinuous infusion following a bolus in the Menigaux’s study (1
mg/kg followed by 250ug/kg/min). As a result, a single bolus
administration of esmolol may not be the proper dosage to sta-
bilize the patients’ BIS value.

In conclusion, all the adjuvant drugs used in this study at-
tenuated the hemodynamic responses due to the laryngoscopy
and tracheal intubation with a various degree. However, the
study could not find the correlation between the changes of
hemodynamics and BIS values after tracheal intubation. Appro-
priate adjuvant drug therapy during anesthetic induction can be
used for better quality of anesthesia. Therefore, anesthesiologi-
sts should pay attention to the possibility of awareness during
the laryngoscopy and tracheal intubation, resulting in one of

the crucial concerns during anesthetic practice.
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