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Comparison of hemodynamic responses to endotracheal intubation
with the GlideScope video laryngoscope and Macintosh laryngoscope
in patients undergoing cardiovascular surgery
Kardiyovasküler cerrahi hastalarında GlideScope video laringoskop ve
Macintosh laringoskopun endotrakeal entübasyona hemodinamik yanıtlarının karşılaştırılması
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Department of Anesthesiology and Reanimation,
University of Health Sciences, Sultan Abdülhamid Han Training and Research Hospital, İstanbul, Turkey

ABSTRACT

ÖZ

Methods: A total of 74 patients were enrolled in the study. Patients
were randomly assigned into two groups either a GlideScope
(n=37) or a Macintosh laryngoscope (n=37). Laryngoscopy time,
heart rate, invasive arterial pressure and rate pressure product
were compared during induction and until five minutes after
laryngoscopy at 11 time points.

Çalışm a planı: Çalışmaya toplam 74 hasta alındı ve hastalar
GlideScope (n=37) ve Macintosh (n=37) olarak rastgele iki
gruba ayrıldı. Laringoskopi süresi, kalp atım hızı, invaziv
arteriyel basınç ve nabız-basınç çarpanı verileri indüksiyon
başlangıcından laringoskopi sonrası beşinci dakikaya kadar
11 farklı zamanda kaydedildi.

Results: Seventy patients completed the study. The intubation
time was similar in both groups (14.1±4.0 sec vs. 13.2±4.2 sec;
p= 0.22). Hemodynamic values including heart rate, systolic,
diastolic and mean arterial pressure and rate pressure product
were similar at all-time points. The laryngoscopy time was also
similar between groups.

Bulgular: Yetmiş hasta çalışmayı tamamlayabildi. Entübasyon
süreleri her iki grupta benzer olarak bulundu (14.1±4.0 saniye
vs. 13.2±4.2 saniye; p= 0.22). Kalp atım hızı, sistolik, diyastolik
ve ortalama arter basınçları ve nabız-basınç çarpanı gibi
hemodinamik veriler arasında tüm ölçüm noktalarında anlamlı
fark bulunmadı. Laringoskopi süresi her iki grupta benzerdi.

Conclusion: The GlideScope video laryngoscope did not
show any advantage on hemodynamic response in patients
undergoing cardiovascular surgery when compared to Macintosh
laryngoscope.

Sonuç: GlideScope video laringoskop kardiyovasküler
cerrahi uygulanacak hastalarda Macintosh laringoskop ile
karşılaştırıldığında hemodinamik olarak avantaj sağlamadığı
görüldü.
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Both laryngoscopy and endotracheal intubation cause
hypertension, tachycardia, or arrhythmia as a result
of sympathetic stimulation. These hemodynamic
responses are short-term but may lead to hemodynamic
instability and myocardial ischemia in patients with
severe coronary artery disease.[1-5]

The curved laryngoscope blade presented by
Macintosh in 1943 is still the most widely used
device for endotracheal intubation and is based on the
principle of direct visualization of glottis through line
of sight.[6] GlideScope® video laryngoscope (Portable
GVL, Veraton Medical, Canada), which is designed for
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patients with difficult airways, has a blade angle of 60°
and a camera to visualize the glottis independent of the
direct line of sight.[7-9]
The severity of the hemodynamic response
during laryngoscopy is attributed to correlate with
laryngoscopy time and the magnitude of manipulation
to expose glottis.[10,11] While using GlideScope, less
upward lifting force is needed to expose the glottis
than the conventional Macintosh blade and it is
hypothesized that GlideScope may be associated
with less hemodynamic response while providing
better visualization of the larynx.[12,13] Many studies
have compared the hemodynamic response of the
GlideScope and Macintosh laryngoscope but results
are conflicting. In majority of the studies, noninvasive blood pressure was used for hemodynamic
monitoring which was a limitation since invasive
arterial pressure monitoring provides more frequent
and precise pressure readings.
Therefore we designed this randomized controlled
study with standardized protocol for anesthesia and
invasive arterial pressure monitoring to compare the
hemodynamic response of endotracheal intubation
with GlideScope and Macintosh laryngoscopes in
patients undergoing cardiovascular surgery.

PATIENTS AND METHODS
After approval by the Medipol University, Medical
Faculty Ethical Committee (Protocol 10840098604.01.01-E.5096/677, 23 Dec 2015, trial registration
(ClinicalTrials.gov Identifier: NCT02708420 March
2016) and written informed consent, 74 American
Society of Anesthesiologists (ASA) physical status III
patients undergoing elective cardiovascular surgery were
included. Patients with a history of difficult intubation
or anticipated difficult intubation (short thyromental
distance [<6 cm] and inter-incisor distance [<4 cm],
reduced neck mobility, and a Mallampati score of
III-IV) were excluded from study.
Preoperatively, patients received beta-blocker and
angiotensin converting enzyme inhibitor or angiotensin
II receptor blockers. Calcium channel blockers were
discontinued preoperatively in all patients according
to clinical regimen.
All patients received standardized general
anesthesia according to our institutional regimen for
cardiovascular surgery. Two hours before induction of
anesthesia, patients were pre-medicated with diazepam
(3.75-7.5 mg intramuscular). Standard monitoring,
including 5 lead electrocardiogram, pulse oximetry,

Assessed for eligibility (n=76)

Excluded (n=2)
• Reduced neck mobility (n=1)
• Short thyromental distance (n=1)

Enrollment

Randomized (n=74)

Allocation
Allocated to intervention (n=37)
• Received allocated intervention (n=37)
• Did not receive allocated intervention
(give reasons) (n= 0)

Allocated to intervention (n=37)
• Received allocated intervention (n=37)
• Did not receive allocated intervention
(give reasons) (n= 0)
Follow-up

Lost to follow-up (give reasons) (n= 0)
Discontinued (n= 0)

Lost to follow-up (give reasons) (n= 0)
Discontinued intervention (n= 0)
Analysis

Analyzed (n=35)
• Excluded from analysis (failed
intubation in first attempt) (n=2)

Analyzed (n=35)
• Excluded from analysis (severe
hypotension requiring vasoactive drug
administration after intubation) (n=2)

Figure 1. Consort of flow diagram of patient recruitment.
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Table 1. Demographic data of the patients

Macintosh (n=35)
n
Age (year)
Gender
Female
Male
Height (cm)
Weight (kg)
Body mass index (kg/m2)
Mallampati score
I
II
Preoperative medication
Beta blockers
ACE inhibitors
ARBs

%

10
25

GlideScope (n=35)
Mean±SD

p

65.5±9.7

64.2±7.8

0.52
0.40

168.9±7.4
79.5±10.9
27.8±3.4

169.6±8.5
79.5±10.8
27.8±4.4

0.71
0.99
0.95
0.78

Mean±SD

n

%

7
28

26
9

74.3
25.7

25
10

71.4
28.6

34
29
6

97.1
82.9
17.1

33
28
7

94.3
80
20

0.55
0.76
0.76

SD: Standard deviation; ACE: Angiotensin-converting enzyme; ARBs: Angiotensin II receptor blockers.

non-invasive and invasive arterial blood pressure
measurements (Datex Ohmeda S/5 Patient Anesthesia
Monitor, GE Healthcare, Helsinki, Finland), was
established prior to induction. During this process
all patients were pre-oxygenated with a face mask
at 6 L/min oxygen flow and crystalloid infusion was
initiated. Patients were randomly allocated to one
of the groups based on computer generated random
numbers that were sealed in an envelope. Anesthesia
was induced with total dose of 4-6 μg/kg fentanyl and
0.08-0.12 mg/kg midazolam throughout the induction
period with divided doses considering hemodynamic
response to avoid hypotension. Additionally
1 mg/kg intravenous lidocaine was administered
during induction. After assisted bag valve ventilation,
rocuronium bromide 0.6 mg/kg was administered
for muscle relaxation and bag valve ventilation was
continued for another two minutes. The patients’

tracheas were intubated using the GlideScope or
Macintosh laryngoscope with appropriate blade sizes.
In the GlideScope group, specific pre-curved rigid
stylet of GlideScope was used which was pre-lubricated
for easy removal after intubation. Size 7.0 to 8.0 mm
internal diameter polyvinyl chloride tracheal tube
was preferred. Mechanical ventilation was initiated
(FiO2 0.5, VT 6 mL/kg, respiratory rate 12-14/min
with 0.2% sevoflurane) after completion of intubation.
Anesthesia was maintained with bolus doses of
fentanyl and sevoflurane (0.4-1%). All intubations were
performed by the same anesthetist with experience in
using both GlideScope and Macintosh laryngoscopes.
In case of primary intubation failure, a second
intubation attempt was performed after another period
of mask ventilation and the patient would be excluded
from study. In case of hypotension, the patient would
be treated appropriately and excluded from the study.

Table 2. Comparison of laryngoscopy data of groups

Macintosh (n=35)
n
Cormack-Lehane Grade
1
2
3
Cricoid pressure
Jaw trust
Laryngoscopy time (seconds)
SD: Standard deviation.
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Mean±SD

24
7
4
8
0

GlideScope (n=35)
n

Mean±SD

23
12
0
7
0
14.1±4.0

p
0.69

0.77
13.2±4.2

0.22

SD: Standard deviation; HR: Heart rate; SAP: Systolic arterial pressure; DAP: Diastolic arterial pressure; MAP: Mean arterial pressure; For HR, SAP, DAP and MAP no significant difference was detected
between groups at all time-points (p>0.05).

72.9±8.0
74.2±9.9
77.0±11.1
80.4±14.8
84.0±18.6
84.8±18.8
83.2±18.0
101.0±12.8
GlideScope

69.8±6.0

74.9±6.2
77.7±7.1
81.1±9.6
85.0±11.5
85.5±10.8
86.4±11.2
83.5±9.3
103.5±12.2

MAP

Macintosh

69.1±8.3

53.2±8.3

56.6±6.0
58.4±6.7

53.8±9.3
55.5±10.4

60.7±8.9
63.5±10.0

57.3±12.7
60.0±14.8

63.4±9.9
65.4±9.6

61.0±15.9
60.7±16.1

62.7±7.8
51.4±7.4

50.1±6.7

72.5±9.6

68.0±10.9

Macintosh

GlideScope

DAP

112.2±11.2
115.0±14.1
120.1±15.8
126.8±22.7
132.0±29.9
132.5±27.9
128.3±25.7
167.0±23.9
GlideScope

109.3±10.8

111.6±9.9
116.2±11.2
121.8±14.9
128.1±17.6
129.7±16.4
128.5±17.8
125.0±16.0
165.3±23.1

SAP

Macintosh

104.5±14.0

64.5±12.8
66.0±13.4
67.5±14.0
69.2±14.5
71.7±15.5
72.9±16.3
71.7±15.2
72.1±12.7
GlideScope

66.1±11.9

65.6±15.6
67.3±16.4
70.0±17.1
72.0±17.4
74.8±17.3
76.3±15.8
73.2±12.6
74.1±17.0

65.0±13.1

4 min
3 min
2 min

After intubation

90 sec
60 sec
30 sec
Before laryngoscopy

Macintosh

HR

RESULTS
Seventy patients completed the study. Two patients
in the Macintosh group required a second attempt
(the laryngoscope’s light turned off in one and the
second attempt was required with a stylet in the
other) and severe hypotension requiring vasoactive
drug administration after intubation occurred in
two patients in the GlideScope group (Figure 1).

Baseline

Statistical calculations were performed by SPSS
version 15.0 software (SPSS Inc., Chicago, IL, USA).
Sample size calculation was based on a pilot study.
To detect a 10% change in heart rate and mean
arterial pressure, 35 patients in each group were
required to achieve a power of 80% at a 0.05 level of
significance. Continuous variables were expressed as
mean ± standard deviation (SD). Categorical data was
presented as numbers and percentages. Independent
student t-test was used to compare variables with
normal distribution (age, height, weight, body mass
index), the Mann-Whitney U test was applied for
the evaluation of non-normally distributed data
(laryngoscopy time). Chi-square or Fisher’s exact test
was used for evaluation of non-continuous variables.
P<0.005 was considered statistically significant.

Groups

Statistical analysis

Table 3. Hemodynamic changes before and after intubation between groups

Intubation time was recorded with a stopwatch
started by the passing of the GlideScope or Macintosh
blade through the lips until the anesthetist notified that
endotracheal tube was placed and the blade removed
from patient mouth. Additionally, anesthetics used
for induction of anesthesia, the quality of glottic
view, maneuvers such as cricoid pressure or jaw trust,
complications, and preoperative medications were
also recorded. Glottic view during laryngoscopy was
graded with Cormack-Lehane score for the Macintosh
group and four points scale similar to CormackLehane score used for GlideScope with monitor
image. All arterial pressures were measured invasively
from the right radial artery. Hemodynamic data was
recorded at 11 different time points: before induction
of anesthesia (T1) and during induction at one-minute
intervals (T2-3), just before laryngoscopy (T4), and
after intubation at 30 seconds intervals (T5-8) until
second (T9), fourth (T10) and fifth minutes (T11) by
a blinded researcher through a secondary monitor.
While recording hemodynamic values after intubation
any neck or tube movement and patient positioning
which may cause another sympathetic stimulation was
avoided. After obtaining hemodynamic values, rate
pressure product (RPP) was calculated as an index of
myocardial oxygen consumption.

5 min
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18000.0
Macintosh
16000.0
GlideScope

Rate pressure product

14000.0
12000.0
10000.0
8000.0
6000.0
4000.0
2000.0

5 min after intubation (T11)

4 min after intubation (T10)

3 min after intubation (T9)

2 min after intubation (T8)

90 sec after intubation (T7)

60 sec after intubation (T6)

30 sec after intubation (T5)

Before laryngoscopy (T4)

Induction at 2 min (T3)

Induction at 1 min (T2)

Baseline (T1)

0.0

Figure 2. Changes of mean rate pressure product (RPP) between groups.
Data are Mean±SD. For RPP, no significant difference was detected between groups (p>0.05).

There was no esophageal intubation in both groups.
The patients’ demographic data and preoperative
medications were similar in both groups (Table 1).
There was no significant difference in laryngoscopy
time, application of cricoid pressure, and CormackLehane Grade between the groups (p>0.05) (Table 2).
Hemodynamic values including heart rate, systolic,
diastolic and mean arterial pressure (Table 3), and
RPP were similar between groups at all-time points
(p>0.05) (Figure 2).

DISCUSSION
During endotracheal intubation, both blood pressure
and heart rate increases as a result of stimuli to
oropharyngeal structures and the larynx with
laryngoscopy, and stimulus to the trachea with the
passage of endotracheal tube through vocal cords.
These hemodynamic responses initiate within seconds
of intubation, peaking in 1-2 minutes.[10,14] Although
they are short- termed, myocardial oxygen demand
may increase and may lead to myocardial ischemia
in patients with coronary artery disease.[15] To prevent
390

these adverse hemodynamic responses, different
intubation methods, anesthetics, and adjuvant agents,
have been studied.[3,4,15,16]
Lidocaine is an amid-type local anesthetic which
is also classified as class IB antiarrhythmic drug, as
it has antagonistic action on voltage-gated sodium
channels. Lidocaine also inhibits N-methyl-D-aspartate
(NMDA) receptors.[17] Intravenous administration of
lidocaine is recommended for reducing hemodynamic
responses to intubation, attenuation of cough reflexes,
and intracranial and intraocular pressure.[18] Many
studies have been conducted to reveal its effects on
hemodynamic response to intubation. However dose of
lidocaine varies from 1.5 to 2 mg/kg.[17,18] We preferred
to use 0.5-1 mg/kg dose in our clinical practice for
induction of anesthesia in both cardiac and non-cardiac
surgery. In our study we preferred to use 1 mg/kg
for induction for standardization. However, it should
be considered that the magnitude and duration of
hemodynamic response to intubation may differ from
studies in which lidocaine was not used.
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A recent study found that during laryngoscopy with
the Macintosh blade, the maximal force applied by the
blade onto the base of tongue was 20 Newton (N) and
the average force was 11 N, measured by thin piezoresistive sensors attached to the distal concave surface
of each laryngoscope. The median peak and average
forces applied during GlideScope laryngoscopy were
57% and 53%, respectively, lower than laryngoscopy
performed with the Macintosh blade in the same
study.[19] As a result, when more lifting force is applied
to optimize intubation with prolonged intubation time,
a more adverse hemodynamic response is expected.[2,20]
The GlideScope is a video laryngoscope designed
particularly for patients with difficult airways. With
the special 60º curved blade design, the GlideScope
can reduce the mechanical stimulus to oropharyngeal
and laryngeal structures as less upward lifting force is
required to expose the glottis compared to Macintosh
blade. As the maximal lifting force applied is suggested
to be lower and less neck movement is required during
laryngoscopy GlideScope may have advantage over
Macintosh for attenuating hemodynamic response
to endotracheal intubation.[21,22] Although there are
studies that have demonstrated that endotracheal
intubation performed by GlideScope and other
indirect laryngoscopy devices cause less hemodynamic
responses,[11,23,24] recent studies have shown that the
hemodynamic responses of both devices are similar. In
our study, there was no significant difference between
the GlideScope and Macintosh groups in heart rate,
systolic, mean and diastolic pressures, as well as RPP
during the period of five minutes after endotracheal
intubation in consistence with the majority of previous
studies.[20,25-27] These results suggest that the passage of
the tracheal tube through the vocal cords and tracheal
stimulus is the main cause of the hemodynamic
response to endotracheal intubation.[2,22,26,28] A majority
of studies have demonstrated that laryngoscopy time
was significantly longer in GlideScope however we
found no significant difference between the groups
in our study. Studies claim that longer intubation
time in the GlideScope group may counterbalance
the favorable effect of reduced laryngoscope lifting
force.[2,29] However, we achieved same results in our
study without longer laryngoscopy time that supports
the tracheal stimulus theory.[22,26,30]
Using GlideScope requires excellent eye-hand
coordination because while the performer manipulates
the stylet and endotracheal tube, the eyes look to
a different location and the performer sees the
resulting action only through the monitor. Rotation,
withdrawal of the tracheal tube, aligning the tip of the
endotracheal tube to the glottis, and positioning the

blade can also increase the stimulus since GlideScope
has a wider blade than Macintosh and therefore
occupies more intraoral space which may require
additional maneuvers for the passage of the tracheal
tube. Finally, a pre-curved specific stylet compatible
with the 60º curve of GlideScope blade must be
used and both advancement of tracheal tube and
withdrawal of the stylet after intubation may cause a
stimuli to the anterior commissure or anterior wall of
trachea.[31]
Xue et al.[20] studied the GlideScope and Macintosh
laryngoscopes in ASA I patients and did not found
significant advantage in terms of hemodynamic
response to endotracheal intubation, while intubation
time was significantly higher in the GlideScope group.
They claimed that the manipulation of GlideScope
stylet, may cause higher stimulus to the larynx and
trachea, counterbalancing the lower upward lifting
force required for laryngoscopy. Afterwards, Siddiqui
et al.[25] used the stylet in all groups to standardize
the technique. They did not observe any difference
in hemodynamic response between the groups and
attributed this to the fact that tracheal stimulation was
a major factor for hemodynamic response.[8,14,22,25,30]
Similarly, Pournajafian et al.[32] also reported that no
difference in hemodynamic responses in normotensive
patients but they reported increased intubation time
with GlideScope. Our results were consistent with
these studies; however, laryngoscopy time was
similar in both groups in our study. Xue et al.[20]
reported 28.4±1.7 sec and 37.4±9.9 sec respectively
for Macintosh and GlideScope laryngoscopes while
defining intubation time as “the period from the
termination of manual ventilation using a face mask to
the resuming of ventilation through a tracheal tube”.
Pournajafian et al.[32] defined intubation time as “time
from insertion of assigned intubating device into the
mouth up to the time the tracheal tube positioned
between vocal cords” and they reported 7.8±3.7 sec
and 15.9±6.6 sec respectively for Macintosh and
GlideScope laryngoscopes. However, the investigator
in this study had no previous experience and had only
performed 20 successful intubations with GlideScope
under supervision before the study. As different
studies defined intubation time independently, we
preferred to use the term laryngoscopy time which is
the period starting with the passing of the GlideScope
or Macintosh blade through the lips and ending when
the blade is removed from the patient’s mouth. In our
study, all intubations were performed by the same
investigator who had three years of experience with
GlideScope which may attribute our relatively short
laryngoscopy time with GlideScope.
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The RPP is an index of myocardial oxygen
consumption. It is calculated by the multiplication of
heart rate and systolic blood pressure and was previously
used during exercise testing.[33] Rate pressure product
was used in our study because it briefly indicates
hemodynamic response including both heart rate and
systolic arterial pressure which we expected to rise
following intubation. In our study, RPP values were
similar between GlideScope and Macintosh groups at
all-time points (Figure 3, Table 3).
Our study had several limitations. Firstly, patients
with anticipated difficult airways were not involved in
our study. Longer laryngoscopy time with more upwards
lifting force with Macintosh laryngoscope may further
increase hemodynamic response. Secondly, only the
observer collecting hemodynamic data was blinded
to the laryngoscopy method as it was impossible to
blind the operator performing laryngoscopy. Thirdly,
anesthesia induction was induced with moderately
high dose fentanyl, midazolam, and 1 mg/kg lidocaine
which may suppress hemodynamic response and cannot
be generalized for non-cardiac surgery population in
routine anesthesia practice. Despite these limitations,
our study had favorable features; invasive arterial
monitoring provided more frequent and precise pressure
readings during our study so hemodynamic response
was obtained in 30-second intervals within the first
two minutes when peak hemodynamic response is
expected.
In conclusion, GlideScope video laryngoscopy did
not show any advantage when compared to Macintosh
laryngoscope in terms of hemodynamic response
in patients undergoing cardiovascular surgery. The
laryngoscopy time was also similar between groups.
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