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Abstract
This study aimed to compare Miller and Macintosh laryngoscopes in zero to 4-year-old children. A total of 72 children with a score of 
I and II, according to the American Society of Anesthesiologists (ASA) physical status classification, who were candidates for elective 
surgery with general anesthesia and tracheal intubation were enrolled in the study. The children were divided into two equal groups 
(36 persons) according to used laryngoscope: Miller laryngoscope (group 1) and Macintosh laryngoscope (group 2). Observations 
and all laryngoscopies were performed by a single experienced anesthesiologist. Heart rate, systolic blood pressure, non-invasive 
arterial blood pressure, and hemoglobin saturation were measured and recorded. The number of endotracheal intubation attempts 
and complications were also recorded for both groups. In terms of gender, the first group consisted of 88.9% boys and 11.1% girls, 
and the second group consisted of 66.6% boys and 33.3% girls (p-value=0.05). The mean age was 16.7 months in the first group and 
17.7 months in the second group (p-value=0.5). The mean weight of the children was 16988.5 g and 16300 g in the Miller and Mac-
intosh groups, respectively (p-value=0.9). Regarding the Cormack-Lehane classification system, 5 patients were classified as grade 
1 (13.9%), 14 patients as grade 2 (38.9%), 15 patients as grade 3 (41.7%), and 2 patients as grade 4 (5.6%) in the Macintosh group. 
In contrast, in the Miller group, 5 patients were classified as grade 1 (13.9%), 27 patients as grade 2 (75%), and 4 patients as grade 
3 (11.1%) (p-value=0.004). These results can provide more data about the tracheal intubation method with the Macintosh and Miller 
laryngoscopes, the ease of intubation, and the best laryngoscopic view with each blade.
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Introduction

Proper airway management by laryngoscopy and tracheal 
intubation is essential [1]. Laryngoscopy and endotracheal 
intubation can cause pain and severe sympathoadrenal 
response, which can result in increased plasma concen-
trations of catecholamines, blood pressure, heart rate, 
intracranial pressure, and intraocular pressure, as well 
as impaired heart rhythm. These changes usually appear 
within seconds, while sinus tachycardia peaks within two 
minutes and lasts for five minutes. These variations may be 
well tolerated in young people without underlying diseases, 
but they can cause serious complications in patients with 
cardiovascular diseases, hypertension, high intracranial 
pressure, and cerebrovascular diseases. Moreover, due 
to the increased need for oxygen, they can lead to myo-
cardial ischemia, myocardial infarction, cardiac arrhythmia, 
stroke, and increased morbidity and mortality [2-4].

A laryngoscope is a device for observing the larynx, 
the vocal cords, and the duct between them, which has 

various types. A laryngoscope consists of a long handle 
and a blade with a small light source at the top. The la-
ryngoscope blade’s design has many forms, and the two 
most commonly used blades are the Macintosh and Miller 
blades, which are curved and straight, respectively. The 
Macintosh blade is easier to operate, while the Miller blade 
provides a better view of the vocal cords. The use of each 
of these blades depends on the habit and experience of 
anesthesiologists [5, 6].

In laryngoscopy with a Macintosh blade, the blade en-
ters the vallecula, and the hyoepiglottic ligament is elevat-
ed without affecting the epiglottis, requiring the maximum 
extension of the neck while the tongue is pulled leftward 
and then subjected to a strong force pulling upward. How-
ever, the blade of the Miller laryngoscope is straight, and 
the epiglottis is lifted during laryngoscopy. In most cases, 
when the Macintosh laryngoscope cannot be used, the 
Miller laryngoscope is utilized because it requires less 
force and less neck extension. It is used in people with 
irregular teeth, especially those with missing right upper 
teeth [7-9]. The Miller blade is straight without any curva-
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ture, and due to the anatomy of the mouth and tongue and 
the large epiglottis in children, the Miller blade provides a 
clearer view of the larynx inlet [10].

Since children are sensitive and laryngoscopy is a dif-
ficult and painful action, the purpose of this study was to 
select a blade that would minimize injury to the patient. 
Therefore, this study was designed to compare two Mac-
intosh and Miller blades for laryngoscopy in children less 
than 4-year-old.

Material and Methods

A total of 72 children with a score of I and II, according 
to the American Society of Anesthesiologists (ASA) phys-
ical status classification, who were candidates for elective 
surgery with general anesthesia requiring intubation were 
enrolled in the study after obtaining written consent from 
their parents. Exclusion criteria were abnormal airway 
anatomy, history of active respiratory infections or cold in 
the past three weeks, history of chronic respiratory asth-
ma, and allergies. The children were randomly divided into 
two groups. Laryngoscopy and intubation were performed 
with a Miller blade (group I) and with a Macintosh blade 
(group II). In both groups, children received oral premed-
ication: midazolam 0.5 mg/kg and ketamine 2.5 mg/kg. 
Half an hour after sedation, EMLA anesthetic ointment was 
applied and venipuncture was performed with a 22-gauge 
angiocath. After entering the operating room, the standard 
monitoring system for pulse oximetry, electrocardiogram 
(ECG), and non-invasive blood pressure (NIBP) was in-
stalled.

Anesthesia was induced through inhalation of sevo-
flurane (8%) and 100% oxygen at a gas flow rate of 3 L/
min. Laryngoscopy and endotracheal intubation were per-
formed after appropriate anesthesia and injection of 5 mg/
kg sodium thiopental and 1 µg/kg fentanyl. Anesthesia was 
continued with 2.5% isoflurane. During laryngoscopy, the 
epiglottis view was evaluated with the Miller blade in the 
first group and the Macintosh blade in the second group by 
an experienced anesthesiologist. The laryngoscopic view 
is classified through the Cormack-Lehane system:

• grade 1 - full view of glottis;

• grade 2 - only posterior extremity of glottis can be 
seen;

• grade 3 - only epiglottis can be seen;
• grade 4 - neither glottis nor epiglottis can be seen. 
The larynx was observed by positioning the head and 

using external pressure on the larynx to obtain the best 
view. In this study, the time interval between laryngosco-
py and endotracheal intubation, heart rate, systolic blood 
pressure, non-invasive arterial blood pressure, and he-
moglobin saturation were measured and the number of 
endotracheal intubation attempts and complications were 
recorded for both groups.

Results

In this study, 72 patients were divided into two equal groups 
of 36. The frequency distributions of gender, mean weight 
and mean age in the Miller and Macintosh groups are 
shown in Table 1. The results showed that there was no 
statistically significant difference between the two groups.

A comparison of the mean heart rate in the two groups 
showed that the p-value was 0.4 before laryngoscopy and 
0.06 after laryngoscopy. In the Miller group, the heart rate 
was 131.4 before laryngoscopy and 137.4 after laryngo-
scopy (p-value=0.04). In the Macintosh group, the heart 
rate was 124.2 before laryngoscopy and 127.9 after laryn-
goscopy (p-value=0.047). The mean systolic and diastol-
ic pressures before and after laryngoscopy are shown in 
Table 2.

The mean oxygen saturation (SaO2) in minutes 1, 2, 
3, 4, and 5 in the Miller and Macintosh group are shown in 
Table 3. According to the results, there was a significant 
difference between the two groups in terms of SaO2 only 
at minute 4, while the difference was not significant at other 
times.

The mean saturation decrease was 1.26 in the Miller 
group and 1.54 in the Macintosh group (p=0.3). Regard-
ing the Cormack-Lehane classification system, 5 patients 
were classified as grade 1 (13.9%), 14 patients as grade 
2 (38.9%), 15 patients as grade 3 (41.7%), and 2 patients 
as grade 4 (5.6%) in the Macintosh group. In contrast, 5 
patients were classified as grade 1 (13.9%), 27 patients 

Variable Miller Macintosh p-value*

Gender

Male
Number 32 30

0.7
Percent 88.9 83.33

Female
Number 4 6
Percent 11.1 16.67

Age Mean ± SD (months) 16.75 ± 4.99 17.78 ± 9.19 0.5
Weight Mean ± SD (gram) 16988.57 ± 2431.99 16300 ± 4950.04 0.9

Table 1: Frequency of gender, weight, and age in the Miller and Macintosh groups.

Note: * Differences between groups are statistically significant (р<0.05).
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as grade 2 (75%), and 4 patients as grade 3 (11.1%) in the 
Miller group (p-value=0.004).

Discussion 

Management of airways during general anesthesia is the 
responsibility of anesthesiologists. Various methods, such 
as face mask, laryngeal mask, and endotracheal intuba-
tion, are used in this regard [11, 12]. Endotracheal intuba-
tion requires the use of a laryngoscope, which is available 
with different blades such as Macintosh and Miller [3, 13]. 
The aim of all of these devices is to provide a convenient 
view of the patient’s larynx for easy intubation [3, 14].

In a study conducted in India in 2014, Kundu et al. 
compared the Miller and Macintosh blades in children un-
der 5 months under general anesthesia in terms of laryn-
goscopic view and ease and success of intubation. The 
authors found a similar view of the glottis in 43% of cases 
and a better view in 29% and 28% of cases when using 
the Miller and Macintosh blades, respectively. In addi-
tion, laryngoscopy was easily performed in 54% of cases, 
whereas it was performed difficultly in 27 children with both 
blades, in 15 children with the Miller blade, and in 13 chil-
dren with the Macintosh blade [11].

There was a significant difference between the two 
groups in the mean heart rate at minute 3 (p-value=0.03), 

the mean systolic/diastolic pressure at all minutes, and 
the mean SaO2 at minute 4 (p-value=0.003). In a study 
by Bhardwaj conducted in 2013 to evaluate cervical spine 
motion with a Macintosh laryngoscope and a Trueview 
laryngoscope, the authors found that the latter offered a 
better laryngoscopic view of the glottis and less cervical 
spine motion [15].

In a study by Lu Yi that compared the Airtraq laryngo-
scope with the conventional Macintosh laryngoscope, the 
intubation time was reduced using the former (p<0.0001). 
Intubation was performed by both experienced and novice 
anesthesiologists (relative risk 1.25, p-value=0.07); there-
fore, the Airtraq laryngoscope facilitates and accelerates 
intubation [16].

Bein et al. compared the conventional curved blade 
laryngoscope and GlideScope laryngoscope in difficult air-
ways and showed that the latter was significantly better 
than straight laryngoscope [17].

In a study from Singapore, Lye Sti compared endotra-
cheal intubation with Macintosh laryngoscopy and indirect 
laryngoscopy and showed that the rate of successful intu-
bation with indirect laryngoscopy (85%) was higher than 
Macintosh laryngoscopy (69%) [18].

In the present study, there was no significant differ-
ence between the two groups regarding the demographic 
variables (age, gender, and weight). Therefore, it seems 
that randomization and matching were appropriate, and 
there were no confounding factors in this regard in the 

Variable Group Mean ± SD p-value*

Mean systolic/diastolic 
pressure before laryngoscopy

Miller 131.92±17.12
0.4

Macintosh 124.28±17.63
Mean systolic/diastolic 
pressure after laryngoscopy

Miller 137.44±19.66
0.06

Macintosh 127.97±18.9

Table 2: Mean systolic and diastolic pressures before and after laryngoscopy.

Note: * Differences between groups are statistically significant (р<0.05).

Variable Minute Group Mean ± SD p-value*

SaO
2

1
Miller 99.81±0.47

0.5
Macintosh 99.72±0.61

2
Miller 99.75±0.60

0.2
Macintosh 99.56±0.69

3
Miller 97.44±1.23

0.6
Macintosh 97.56±0.97

4
Miller 98.81±0.82

0.003
Macintosh 99.33±0.63

5
Miller 99.64±0.49

0.3
Macintosh 99.75±0.50

Table 3: Mean SaO2 at different times in the Miller and Macintosh groups.

Note: * Differences between groups are statistically significant (р<0.05).
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study. Also, there was no significant difference in the mean 
blood pressure before and after laryngoscopy between the 
groups.

There was a significant increase in the heart rate be-
fore and after laryngoscopy due to stress in response to la-
ryngoscopy. There was a statistically significant difference 
in the heart rate increase before and after laryngoscopy in 
the Miller group. Although changes in the heart rate were 
statistically significant, the increase in the heart rate was 
clinically less than 10% in the two groups and, therefore, 
did not require any special treatment.

There was no decrease in saturation in neither of the 
groups, and it seems that the laryngoscopy blades had no 
effect on the oxygen saturation of hemoglobin. The Cor-
mack-Lehane classification of the laryngoscopic view was 
the most important variable in this study. In the Macintosh 
group, 5 patients were classified as grade 1, 14 patients as 
grade 2, 15 patients as grade 3, and 2 patients as grade 4. 
In contrast, in the Miller group, 5 patients were classified 
as grade 1, 27 patients as grade 2, and 4 patients as grade 
3 (p-value=0.004).

Conclusion

In general, the Cormack-Lehane system of the Miller blade 
was better than the Macintosh blade, giving a better la-
ryngoscopic view. One finding of interest in this study is 
that older children had a better Cormack-Lehane grade. 
It seems that the laryngoscopic view improves as the age 
increases, and younger age is associated with a worse la-
ryngoscopic view. This can be justified by the anatomy of 
the airway in children - their larynx is located anterior and 
superior, and their epiglottis is larger. As a result, there is 
a direct relationship between the improved laryngoscopic 
view and the Cormack-Lehane grade with age. Howev-
er, there was no significant relationship between the two 
groups in terms of gender, and it seems that gender has 
no effect on the Cormack-Lehane grade.
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