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Background: The Pentax Airway Scope (AWS) is a video laryngoscope designed to facilitate tracheal intubation 

with a high-resolution image. The Pentax AWS has been reported to cause less hemodynamic stress than the 

Macintosh laryngoscope. The aims of this study are to investigate the differences in hemodynamic responses and 

norepinephrine concentrations to tracheal intubation between procedures using he Pentax AWS and the Macintosh 

laryngoscope. 

Methods: Forty patients (American Society of Anesthesiologists class I-II, age range: 18-60 years) were randomly 

assigned to be intubated with either the Pentax AWS or the Macintosh laryngoscope while under general anesthesia. 

Routine monitoring, including invasive arterial blood pressure and bispectral index, were applied. Thiopental (4 

mg/kg), fentanyl (1 μg/kg), midazolam (0.05 mg/kg), and rocuronium (0.6 mg/kg) were administered for anesthetic 

induction. Systolic, diastolic, and mean blood pressures and heart rates were recorded pre-intubation, immediately 

post-intubation (T0), and over the following 10 minutes at one minute intervals (T1, T2, T3, T4, T5…T10). Patient 

blood was sampled for norepinephrine concentrations pre-intubation (baseline) and post-intubation (T1). Evidence 

of sore throat was evaluated 30 min and 24 hr after extubation. Data were transformed to % basal and expressed as 

mean ± SD.

Results: The systolic, diastolic, and mean blood pressure, and heart rate at T0 and T4 were significantly different 

between the two groups. There was no significant difference in plasma norepinephrine between the two groups. The 

difference in incidence of sore throat was not significant between the two groups. 

Conclusions: Pentax-AWS for tracheal intubation has greater hemodynamic stability than the Macintosh blade 

laryngoscope. (Korean J Anesthesiol 2013; 64: 315-320)
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Introduction

The Pentax Airway Scope (AWS) is a video laryngoscope 

designed to facilitate tracheal intubation using a high-resolution 

image. The Pentax AWS provides an improved laryngeal view [1] 

with less movement of the upper cervical spine compared to the 

Macintosh laryngoscope [2-4], and provides better intubating 

conditions for novice personnel in pre-hospital settings 

because the tip of the tube can be monitored continuously 

during tracheal intubation. Limitations associated with the 

Pentax AWS include a difficult requirement for adequate mouth 

opening, high cost and additional maintenance, different skill 

set requirements, and greater hand-eye coordination require

ments [5]. In morbidly obese patients, the Pentax AWS is 

not recommended as a routine substitute for the Macintosh 

laryngoscope because the time to intubation takes longer 

with the Pentax AWS than with the Macintosh laryngoscope 

[6]. Despite these limitations, the Pentax AWS provides a 

less stressful environment than the conventional Macintosh 

laryngoscope during tracheal intubation. 

Tracheal intubation causes a reflex increase in sympathetic 

activity that may result in hemodynamic responses: hyper

tension, tachycardia, and arrhythmia [7-9]. A change in 

the plasma concentration of catecholamine also occurs in 

response to intubation stimulation [10,11]. Although transient, 

the cardiovascular response to tracheal intubation may be 

harmful to some patients who have a history of myocardial or 

cerebrovascular diseases. The Pentax AWS is considered less 

invasive than the Macintosh laryngoscope because it causes 

minimal displacement of the tongue and other soft tissues of 

airway structure [12]. Differences in hemodynamic responses 

to tracheal intubation have been investigated for the Pentax 

AWS and the Macintosh laryngoscope [13]. Some of these studies 

failed to demonstrate any differences in hemodynamic responses 

to tracheal intubation [14,15], while others found significant 

differences between the two [16]. Currently, differences between 

the two groups in plasma catecholamine concentrations have 

not been investigated yet. Therefore, the aim of this study is 

to investigate differences in hemodynamic responses and 

norepinephrine concentrations to tracheal intubation between 

the Pentax AWS and the Macintosh laryngoscope.

Materials and Methods

After receiving ethical committee approval and written infor

med consent, 40 patients were enrolled. The patients ranged 

from 18 to 60 years old and were classified by the American 

Society of Anesthesiology physical status classification system 

as I or II. Participants were all supposed to undergo an elective 

operation that was expected to take one to two hours. Patients 

were excluded if they had any known cardiovascular diseases, 

diabetes, endocrine diseases, allergies to any medications, 

or had anatomical characteristics associated with a difficult 

airway, such as unstable teeth, a mouth opening of less than 

3cm, or limited neck extension.

Upon entering the operating room, the unpremedicated 

patients were randomly assigned to the two groups: Group P 

received intubation with the Pentax AWS video laryngoscope 

and Group M received the Macintosh laryngoscope. This study 

could not be double-blinded to observe hemodynamic changes. 

Standard monitors (electrocardiogram, pulse oxymeter, non-

invasive blood pressure) and invasive radial arterial monitoring 

were applied. Ice cubes were kept ready for immediate transport 

and centrifuging of blood in bottles. Patients were placed in 

a supine position with their necks in a neutral position with 

a pillow under the occiput. Patients breathed 100% oxygen 

for 3 minutes. After ensuring the patients were calm, their 

baseline blood pressure and heart rate was recorded and 

the first 4mL blood sample (baseline) was taken to measure 

plasma norepinephrine levels. Induction of anesthesia was 

performed using thiopental (4 mg/kg), fentanyl (1 μg/kg), 

and midazolam (0.05 mg/kg), intravenously. Following loss 

of consciousness, rocuronium (0.6 mg/kg) was administered 

and positive pressure mask ventilation was initiated. After 

two minutes of positive pressure ventilation, the trachea was 

intubated with a tracheal tube (standard, curved tube, 7.5 mm 

ID for males and 6.5 mm ID for females) and either the Pentax-

AWSⓇ video laryngoscope (Pentax Corp., Tokyo, Japan) or the 

Macintosh laryngoscope (no. 3) by a single anesthesiologist 

who was an expert in both intubation procedures. Bispectral 

index (BIS) scores were recorded at the time of tracheal 

intubation. Anesthesia was then maintained using sevoflurane 

(end-tidal 2-3 vol%) with a 50% mixture of air and oxygen. The 

time to intubation was defined as the time taken from when 

the tip of the blade passes the incisors until the time when the 

tip of the blade passes out of the incisors after inserting the 

tracheal tube. If tracheal intubation failed at the first attempt 

or if a patient’s Cormack-Lehane score was greater than three, 

the patient was immediately excluded from the study. T0 was 

defined as the time that the tip of the blade passed out of the 

incisors. T1, T2, T3, T4, T5, and T10 were determined as one-

minute intervals from T0 and hemodynamic responses (systolic 

blood pressure [SBP], diastolic blood pressure [DBP], mean 

blood pressure [MBP], and heart rate [HR]) to intubation were 

recorded at each of these. The second blood samples (T1) were 

taken to measure plasma norepinephrine values. Sore throat 

was measured as four grades 30 min after extubation by nurses 

in the post-anesthesia recovery unit (PACU) and 24 hr after 

extubation [17] by anesthetic residents, double-blindly. Sore-

throat grades were: none (no sore throat), mild (pain with 
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deglutition), moderate (pain present constantly and increasing 

with deglutition), and severe (pain interfering with eating and 

requiring analgesic medication).

The blood samples were preserved in ethylenediami

netetraacetic acid (EDTA) tubes, immediately centrifuged 

(18,000 rate per min, 4oC, 20 min), and the supernatants were 

meticulously extracted by pipette, divided into aliquots, stored 

in a -70oC freezer, and sent to the Neodin Medical Institute 

(Seoul, Korea) for extraction of norepinephrine. Norepinephrine 

concentrations were determined by high-performance liquid 

chromatography (HPLC) with electrochemical detection, using 

the Catecholamine Plasma Reagent Kit (Bio-Rad, Hercules, CA, 

USA).

A power analysis performed in a previous article demon

Table 1. Demographic Data

Group P 
(n = 20)

Group M 
(n = 20)

Sex (M/F)
Age (yr)
Height (cm)
Weight (kg)
Body mass index (kg/m2)
Time to intubation (sec)*
Bispectral index at tracheal intubation
Duration of anesthesia (min)

12/8
 38.9 ± 13.3

168.0 ± 9.3
64.9 ± 8.2
23.0 ± 2.6
 18.5 ± 1.55
 40.0 ± 12.9
 95.0 ± 24.2

11/9
 35.5 ± 10.5

166.5 ± 9.8
 66.0 ± 14.9
23.6 ± 3.9

 12.8 ± 1.39
35.4 ± 8.7

 96.7 ± 35.9

Data are expressed as mean ± SD. Group P: Pentax AWS (Airway 
Scope), Group M: Macintosh laryngoscope. There was no significant 
difference between the two groups in demographic data and duration 
of anesthesia. Time to intubation was significantly longer in Group P 
than Group M (*P < 0.05).

Fig. 1. Hemodynamic responses to tracheal intubation. Data are presented as % basal: % basal = 100 × hemodynamic parameters at specific 
time/baseline hemodynamic parameters. The dotted line of the y intercept at 100 is the baseline value in each panel. Group P (●) = group 
receiving Pentax AWS (Airway Scope), Group M (○) = group receiving Macintosh laryngoscope, T0 = time after tracheal intubation 0 minutes, 
T1-T10 = time after tracheal intubation 1-10 minutes. SBP (A): systolic blood pressure, DBP (B): diastolic blood pressure, MBP (C): mean 
blood pressure, HR (D): heart rate. Statistical differences in hemodynamic responses to tracheal intubation between Group P and Group M 
were analyzed by repeated measures analysis of variance (rANOVA), followed by the Sidak multiple comparison test (*P < 0.05).
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strated [18] that a sample size of 20 patients per group was 

required to achieve a power of 80% and an α of 0.05 for detection 

of differences of 20 beats/min or 20 mmHg hemodynamic 

responses to intubation. All data were expressed as the mean 

± standard deviation (SD). Statistical analyses were performed 

using GraphPad Prism, version 6.0 (GraphPad Software, Inc., La 

Jolla, CA, USA). Hemodaynamic responses to intubation were 

expressed as % basal: % basal = 100 × hemodynamic parameters 

at T0, T1, T2, T3, T4, T5, and T10/baseline hemodynamic 

parameters. Statistical differences between groups in hemo

dynamic responses to intubation were analyzed using the 

repeated measures analysis of variance (rANOVA) followed 

by the Sidak multiple comparison test. Norepinephrine 

concentrations were expressed as the % basal: % basal = 100 

× concentration of post-intubation norepinephrine during at 

T1 (pg/ml)/concentration of pre-intubation norepinephrine 

(pg/ml). Statistical differences between the two groups in 

norepinephrine concentrations and demographic data were 

analyzed using the unpaired t-test. Statistical differences of 

norepinephrine concentration between pre-intubation and 

post-intubation were analyzed by paired t-test. Statistical 

differences in the incidence of sore throat at 30 min and 24 hr 

after extubation were compared using the Mann-Whitney test. 

A P value below 0.05 was considered statistically significant.

Results

Patient demographics, BIS, and duration of anesthesia were 

similar between Group P and Group M (Table 1). Time to intu

bation was significantly longer in Group P than Group M (P = 

0.010).

The % basal of SBP showed significant differences between 

groups at T0, T3, and T4 (P < 0.05, Fig. 1A). SBPs immediately 

after intubation (T0 in Fig. 1A) were 160.5 ± 22.9 mmHg and 

180.0 ± 26.5 mmHg in Group P and Group M, respectively. The 

% basal of DBP showed significant differences between groups 

at T0 and T3-5 (P < 0.05, Fig. 1B). DBPs at T0 (Fig. 1B) were 

99.4 ± 25.9 mmHg and 114.3 ± 19.3 mmHg in Group P and M, 

respectively. The % basal of MBP showed significant differences 

between groups at T0 and T4 (P < 0.05, Fig. 1C). MBPs at T0 

(Fig. 1C) were 115.2 ± 20.4 mmHg and 135.1 ± 22.3 mmHg 

in Group P and M, respectively. The % basal of HR showed 

significant differences between groups at T0 and T2-10 (P < 

0.05, Fig. 1D). HRs at T0 (Fig. 1D) were 93.3 ± 17.5 beats/min 

and 107.4 ± 15.9 beats/min in Group P and M, respectively. All 

the hemodynamic responses-SBP, DBP, MBP, and HR-at T0 

and T4 demonstrated significant differences between the two 

groups. The % basal of DBP at T0 (Fig. 1B) showed the most 

significant inter-group differences (P = 0.0018). 

The % basal of plasma norepinephrine was not significantly 

different between Group P and Group M (P = 0.211, Fig. 2). 

The % basal of plasma norepinephrine were 145.3 ± 46.4 and 

204.5 ± 210.8 in Group P and Group M, respectively. The actual 

norepinephrine plasma concentrations were 141.5 ± 55.6 pg/

ml and 192.0 ± 91.9 pg/ml in Group P and 155.5 ± 87.4 pg/ml 

and 218.8 ± 86.9 pg/ml in Group M at pre- and post-intubation, 

respectively. The values of norepinephrine at post-intubation 

increased significantly compared with those at pre-intubation 

in both groups (P < 0.05).

Mild to moderate sore throat was observed in both Group 

P (4 to 1 out of 20) and Group M (5 to 1 out of 20) at 30 min 

after extubation, although there was no significant difference 

between two groups. There was no sore throat observed at 24 hr 

after extubation in either group. 

Discussion

Laryngoscopy and tracheal intubation are well known to be 

the main causative factors for hemodynamic changes during 

the induction of general anesthesia. When using the Macintosh 

laryngoscope, the tips of the laryngoscopic blade are positioned 

at the vallecula; laryngeal soft tissues and smooth muscles 

are stretched and pressed upward in the process. Moreover, 

during Macintosh laryngoscope, the patient’s neck is usually 

extended by the head-tilt and chin-lift maneuver required for 

straight alignment of the oral, pharyngeal, and laryngeal axis, 

requiring more force to be applied to the cervical structures [19]. 

Those factors may contribute to an increase in physiological 

Fig. 2. Concentration of plasma norepinephrine. Data are presented 
as % basal: % basal = 100 × concentration of post-intubation 
norepinephrine during at T1 (pg/ml)/concentration of pre-
intubation norepinephrine (pg/ml). The dotted line of the y intercept 
at 100 is the baseline value. NE=norepinephrine, Group P (■) = 
group using Pentax AWS (Airway Scope), Group M (□) = group using 
Macintosh laryngoscope. Statistical differences in norepinephrine 
concentration between Group M and Group P were analyzed with 
an unpaired t-test. There is no significant difference between the two 
groups in post-intubation concentrations (P > 0.05).
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sympathetic activities and elevation of plasma catecholamine 

concentrations during induction of general anesthesia. When 

using Pentax AWS, the tips of the blade directly elevate the 

epiglottis, similar to the tips of the Bullard laryngoscope, 

and anesthesiologists can expose the glottic opening more 

efficiently. Thus, less force and physical stress during the 

tracheal intubation process can be applied to the overall airway 

structures. Therefore, we tried to investigate the differences 

in hemodynamic responses to tracheal intubation during 

induction of general anesthesia between the group receiving 

either the Macintosh laryngoscope or the Pentax AWS. Also, 

we tried to evaluate the differences in plasma norepinephrine 

concentrations between the two groups.

Some researchers failed to show any differences in hemo

dynamic responses to tracheal intubation between participants 

receiving intubation with the Macintosh laryngoscope versus 

the Pentax AWS [14,15], but others were successful in their 

efforts [16]. In our study, SBP, DBP, MBP, and HR at T0 and T4 

were all significantly lower in Group P than in Group M-even 

the time to intubation was significantly longer in Group P than 

Group M. Continuous arterial BP monitoring and tracheal 

intubation by a single expert anesthesiologist in both pro

cedures could contribute to better measures of consistent 

parameters in our patients. Group P was found to require a 

similar amount of time to pass through the vocal cords as Group 

M (data were not shown). The only factor in which Group P took 

a longer time than Group M, was in the time it took to separate 

the tracheal tube from the stalk of the Pentax AWS. 

Norepinephrine plasma concentrations at the time of tracheal 

intubation were not significantly different between Group P 

and Group M. Norepinephrine plasma concentrations at post-

intubation (T1) were significantly higher than those at pre-

intubation. The time between the first and the second sample in 

our study was one minute after intubation because it has been 

reported that mean norepinephrine levels peak one minute 

post-intubation and then decrease back to baseline [20]. It was 

more difficult to observe differences in plasma catecholamine 

concentrations between pre-intubation and post-intubation 

[21-23]. Only one previous report has shown an elevation in 

plasma catecholamine concentrations after tracheal intubation 

[24]. In our results, plasma norepinephrine values were signifi

cantly elevated post-intubation (T1) compared to those at 

pre-intubation in both groups, but there was no significant 

difference between Group P and Group M. 

Although we failed to examine inter-group differences 

to clarify the meaning of correlations between plasma nor

epinephrine concentrations and hemodynamic responses to 

intubation, we did observe intra-group differences between pre-

intubation and post-intubation in all aspects of hemodynamic 

responses to intubation and concentrations of plasma norepin

ephrine. All hemodynamic responses to intubation, especially 

DBP at T0, were significantly lower in Group P than Group 

M. Although the maximum differences in hemodynamic 

parameters at T0 are only 20-35% basal between the two 

groups, these results suggest that patients who are particularly 

vulnerable to hemodynamic stress during tracheal intubation 

because of known hypertension, history of coronary artery 

diseases, and cerebrovascular diseases, including aneurysm, 

would benefit from receiving the Pentax AWS during tracheal 

intubation. 

Taking all these results into account, our study shows 

that the Pentax AWS for tracheal intubation under general 

anesthesia can attenuate hemodynamic stress. Although there 

was no significant correlation between norepinephrine plasma 

concentrations and hemodynamic responses to tracheal 

intubation, the Pentax AWS seems to be a good alternative for 

safe and smooth induction of general anesthesia, especially for 

patients susceptible to hemodynamic stress.
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