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Injuries can occur during endotracheal intubation. 
This prospective, randomized, blinded study aimed to 
determine if a difference exists in incidence of injury 
following endotracheal intubation using either direct 
laryngoscopy or the GlideScope video laryngoscope 
(Verathon Inc). A convenience sample of 155 patients 
scheduled to undergo surgery to the head, face, neck, 
or throat were randomized to either GlideScope or 
conventional direct laryngoscopy groups. Following 
induction of general anesthesia and endotracheal 
intubation, the patients were assessed for injuries to 
the mouth and pharynx by an otolaryngologist who 

was not part of the study staff and was blinded to 
the method of intubation. The difference between 
injury rates in the 2 groups was analyzed using a χ2 
test, which yielded a P = 0.3976 and a χ2 statistic of 
1.0445 (critical value = 3.841), indicating that no stati-
cally significant difference in the incidence of injury 
exists between conventional direct laryngoscopy and 
GlideScope-facilitated endotracheal intubation.

Keywords: Endotracheal intubation, GlideScope, injury, 
video laryngoscope.

A Randomized, Blinded, Clinical Study of Injury 
Incidence During Endotracheal Intubation: 
Comparison of GlideScope Video Laryngoscopy 
and Direct Laryngoscopy

Michael P. Scholtis, DNP, MS, CRNA
Rebecca S. Stoudt, DNP, PhD, CRNA
Theodore R. Gavel, MSN, CRNA

T
he video laryngoscope has forever changed the 
landscape of airway management. Of the mul-
titude of devices available, the GlideScope (GS; 
Verathon Inc) dominates this new landscape. 
In the hands of the novice, GS has been shown 

to have higher intubation success rates than conventional 
direct laryngoscopy (DL).1-3 However, in the hands of the 
expert, it is less clear whether GS provides any benefit 
over DL in the intubation of the nondifficult adult air-
way.3-6 GlideScope has been shown to be of some benefit 
in the known or suspected difficult airway, providing an 
improved view of the glottic opening, albeit requiring 
longer time to intubate and not always yielding higher 
success in placing the endotracheal (ET) tube.3,4,7,8 There 
is even more heterogeneity in the literature on the ben-
efits of the GS in the pediatric population, and although 
there is a paucity of adequate studies, those with available 
results lend even less support to the added utility that the 
device affords.9-12

It is clear from the popularity of the GS that there are, 
at least perceived, benefits to the device. The literature 
supports these beliefs with both studies as well as case 
reports describing circumstances where the video laryn-
goscope adds value.13-18 Some of these include the fol-
lowing: tracheal tube exchange in the critical care setting, 
facilitation of the placement of nasogastric tubes, removal 
of hypopharyngeal foreign bodies, awake intubation in 

the patient with traumatic cervical spine injury, minimiz-
ing increase in intraocular pressure during intubation 
before eye surgery for traumatic injury, and rescue after 
failed flexible fiberoptic intubation.13-18 

Endotracheal intubation carries a risk of injury. 
GlideScope-facilitated intubation is no different. Case 
reports of injury after using the GS include laceration 
and/or penetrating injury to the soft palate, palatoglossal 
arch, palatopharyngeal arch, retromolar trigone, lingual 
nerve, and tonsils.19-28 Additionally, the US Food and 
Drug Administration (FDA) Manufacturer and User 
Facility Device Experience (MAUDE) database contains 
reports of similar injuries sustained by patients after the 
use of seemingly intact and unbroken GS devices.29-34 

In a large retrospective chart review, Aziz et al4 re-
ported that the rate of minor soft-tissue injury related to 
GS-facilitated intubation was 1% (21 of 2,004) and more 
serious dental, tracheal, or laryngeal injury was 0.3% (6 
of 2004). A second large retrospective chart review of 
14,860 intubations, performed at a single military hos-
pital over a course of 2 years by Greer et al,35 reports 
an incidence of injury after video laryngoscopy-assisted 
intubation of 0.0234%, whereas DL injury rates for the 
same period were 0.015%. Both studies documented a 
very low incidence of injury attributed to endotracheal 
intubation via retrospective chart review. Conversely, a 
prospective study of soft-tissue injury following DL using 
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conventional Macintosh 3 and 4 laryngoscope blades to 
facilitate intubation, done by Mourão et al,36 yielded an 
observed injury rate of 52.1%.

A small cluster of pharyngeal injuries requiring surgi-
cal repair by an otolaryngologist at our institution led 
to conversation from these same ear, nose, and throat 
(ENT) specialists that GS-facilitated intubation may yield 
a higher rate of injury than DL. This spurred a debate as 
to whether GS should be used as a primary approach to 
endotracheal intubation or should be reserved for those 
cases deemed “difficult” or “challenging” based on clini-
cal assessment. 

Clinical practice at a large tertiary facility often is ac-
companied by the presence of many learners who require 
the opportunity to practice all methods of intubation. 
Barring the use of the GS on routine “normal” airways 
did not seem appropriate or feasible based on anecdotal 
evidence. However, the literature lacked any prospective, 
randomized, blinded studies of injury related to GS use. 
Hence, a study was designed and executed to test the hy-
pothesis that there is no difference in injury rates between 
GS- and DL-facilitated endotracheal intubation in patients 
undergoing ENT surgery at the authors’ institution.

Materials and Methods
Local institutional review board approval was obtained. 
The study protocol was awarded expedited exempt status 
and did not require patient consent. Consent was deemed 
unnecessary because study subjects would not be under-
going any interventions that were different from routine 
standard care for the consented anesthetic technique or 
surgical procedure planned for the case. Regular use of 
DL- and GS-facilitated endotracheal intubation had been
in practice for several years at the time of the study and
a visual examination of the mouth and upper airway was
a standard first step practiced by all otolaryngologist sur-
geons before beginning surgical intervention. Finally, no
protected health information was documented on study
forms or retained in any other manner by study staff who
could tie collected data to specific patients.

A minimum required sample size of 145 was calculated 
using G*Power 3.1 (University of Düsseldorf, Germany) 
given a medium effect size of 0.3 and an acceptable α of 
0.05 at a power of 0.95 for 1 degree of freedom. A con-
venience sample of subjects 2 years old and older was 
drawn from those patients scheduled for surgery of the 
face, head, neck, or throat by the otolaryngology surgi-
cal service (ENT). Excluded were patients less than 2 
years old, pregnant patients, those with known difficult 
airways, and cases in which the attending anesthesi-
ologist or operating surgeon assigned to the case did not 
wish to participate in the study. Subjects were randomly 
assigned to 1 of 2 groups: GS or DL. Randomization 
was accomplished via computer using a spreadsheet’s 
(Microsoft Excel, Microsoft Corp) random number gen-

erator function to assign subjects to either the GS or DL 
group. The randomized group assignment was sealed in 
an envelope by study staff not involved in the care of the 
patient nor privileged to any patient information, includ-
ing the specific type of surgical procedure scheduled. 
Each operating room (OR) was set up with equipment to 
perform GS or DL intubation present and laid out on the 
anesthesia equipment cart in an identical fashion. At the 
time of the patient’s arrival in the OR, the sealed envelope 
containing the random group assignment was opened by 
the intubating clinician and the assigned method was 
used to place the ET tube after standard monitors were 
applied and an appropriate induction of general anesthe-
sia was performed.

Following intubation and confirmation of successful 
ET tube placement, the ET tube was secured per standard 
protocol. Laryngoscopy equipment was placed back onto 
the anesthesia cart in a standard fashion, and all equip-
ment was covered with a surgical towel. Covering all 
equipment with a towel prohibited anyone who was not 
present in the room at the time of the procedure any evi-
dence of which type of equipment was used to perform 
the intubation. At this time, the surgeon-otolaryngolo-
gist, who was not present in the OR at the time of the 
intubation, was invited into the OR. The otolaryngologist 
performed a routine visual examination of the mouth and 
airway in preparation for the proposed surgical proce-
dure. Any evidence of trauma was documented on a data 
collection tool (Figure 1). Additional information related 
to the details of the intubation were then documented on 
the opposite side of the data collection tool by the intu-
bating clinician. This tool was then returned to the study 
team by the anesthesia clinician via a dedicated drop box 
located in the postoperative unit. Forms were collected 
daily by study staff.

• Data Collection Tool. A data collection tool (see
Figure 1) was developed in collaboration with a staff 
ENT physician who was not part of the study staff. The 
tool consisted of a 2-sided paper form. On one side was 
a simple line drawing of the mouth and upper airway. 
Key areas were labeled according to the recommenda-
tions from the collaborating ENT physician. Next to each 
label was a space to document the numerically assigned 
severity of injury score. The 3 categories of severity were 
defined as follows: 1 = minimal (no bleeding present), 2 
= moderate (mild bleeding present), and 3 = severe (re-
quiring intervention). Also included on this form was an 
area to indicate when no injury was present to ensure that 
an otherwise blank form was not misinterpreted and ex-
cluded as a subject not having been evaluated for injuries.

On the opposite side of the form from the injury 
assessment was a list of variables of interest to the an-
esthesia study team. These included which method of 
intubation was ultimately used; whether the patient was 
excluded from the study with the corresponding reason; 
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age group; preoperative airway assessment findings; type 
of stylet used; number of attempts necessary to achieve 
successful intubation; and credentials and level of experi-
ence of the intubating operator.

Once the data collection tool was designed, the study 
authors had several staff Certified Registered Nurse 
Anesthetists and ENT physicians, who were not part of 
the study staff, review the form, provide feedback, and 
recommend changes. This review process helped estab-
lish face and content validity of the tool, although no 
formal test of internal validity was performed to deter-
mine reliability of the tool. 

• Statistical Analysis. Study forms were collected from 
the postoperative unit daily, and data were transcribed 
into a spreadsheet (Microsoft Excel) by study staff. 
Statistical analysis was performed using SAS Enterprise 
Guide 6.1 (SAS Institute Inc). Incidence of injury 
between the GS and DL groups was compared using a χ2 
test. A P value <0.05 was considered significant. All other 
data are aggregated and summarized in Tables 1 to 3.

Results
A total of 176 subjects were initially recruited into this 
study; however, because of several factors (summarized 
in Table 1), 21 subjects were excluded, yielding a total 
enrollment of 155 subjects. Characteristics of the enrolled 
subjects, ancillary/additional equipment used during the 
induction/intubation period, and operators performing 
the intubation procedure are summarized in Table 2.

Of the 155 enrolled subjects, 78 were randomly as-

signed to the GS group and 77, to the DL group. A total of 
27 injuries were documented by the ENT surgeons after 
intubation, representing an overall incidence of injury 
of 17.42%. All injuries were considered either minimal 
or moderate, with most being classified as minimal; no 
severe injuries requiring intervention were discovered. 
The GS group had a total of 16 (12 minimal; 4 mod-
erate) injuries and an intragroup injury incidence of 
20.51%, whereas the DL group had a total of 11 injuries 
(9 minimal; 2 moderate) and an intragroup injury inci-
dence of 14.29%. Injury incidence between age groups 
aligned along sample distribution. Forty-four percent of 
the sample consisted of those aged 2 to 18 years old, and 
this same age group exhibited 42% of the total observed 
injuries (44% of DL; 45% of GS). This level of consis-
tency between sample age characteristics and injury 
incidence lends support that age is not a factor linked to 
injury during endotracheal intubation. A more detailed 
characterization of the injuries observed can be found in 
Table 3 and Figure 2.

A χ2 analysis of the incidence of injury between the 
GS and DL groups yielded a χ2 statistic of 1.0445 with an 
exact P value of 0.3976. Given that the P is much greater 
than our acceptable limit of 0.05 and the χ2 is much 
lower than a critical value 3.841 for 1 degree of freedom 
at an α = 0.05, we must conclude that there is no statisti-
cal difference in the incidence of injury between the GS 
and DL groups.

Discussion
We observed 155 intubations in a real-world OR environ-
ment at a large tertiary teaching institution. We deter-
mined that the injury rates experienced with use of the 
GlideScope to facilitate intubation were not statistically 
different than those experienced when a conventional la-
ryngoscope and direct visualization were used. However, 
our incidence of injury was much greater than those 
currently documented in the literature by Aziz et al4 and 
Greer at al.35

The disparity in these values might be explained in 
several ways. Although it was adequately powered, our 

Figure 1.  GlideScope Evaluation Form
Abbreviation: ENT, ear, nose, and throat.  

Table 1.  Factors Resulting in Excluded Subjects  

Factor No.

Anesthesiologist refusal to allow participation 8

Challenging airway requiring change in method of 7 
 intubation

Surgical procedure prohibited or interfered (eg, dynamic 3 
 rigid bronchoscopy)

Data collection form not completed appropriately 2

Patient unstable after induction, prohibiting adequate 1 
 examination

Total exclusions 21

Subjects enrolled and included in analysis (N) 155
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study included a relatively small sample size. We also 
drew our sample via the convenience sampling method 
because of some logistical factors related to study design; 
this introduced possible sources of bias. 

Our study design would have ideally included a 
sample from the entire OR population; however, we 
opted for a board-certified otolaryngologist, not an an-
esthesia provider, to make the assessment of injury. Our 
reasons for this were multifaceted. It was our belief that 
the board-certified otolaryngologist was more an expert 
in assessment of the oropharynx and larynx for injury 
given that this is the primary focus of that specialty. 
Additionally, the ENT surgeons are responsible for as-
sessing and treating all injuries to the oropharynx and 
larynx in patients admitted to the authors’ accredited 
Level 1 Trauma Center. The regular exposure to a high 
volume of these types of injures gives the ENT surgeons 
a great deal more experience in assessing said injuries 
than an anesthesia provider who practices as a generalist. 

Use of the patient population undergoing surgery by an 

ENT surgeon ensured that the examination of the mouth 
and upper airway was part of the routine presurgical pro-
cedure and would not require obtaining a separate patient 
consent for such an examination. This facilitated the ap-
proval from the institutional review board and decreased 
the logistical burden to the study team of obtaining a 
separate informed consent for participation in the study.

Our preference to have an otolaryngologist perform 
the mouth and pharyngeal assessment limited us to using 
the ENT surgical patient population. The ENT patient 
population undergoes surgery on the face, neck, mouth, 
and/or throat for some type of pathology in those areas. 
These pathologies may make the patient more susceptible 
to injury (ie, engorged mucous membranes, friable tissue 
from concomitant chemotherapy or radiation therapy) 

Preexisting injuries such as small abrasions or other 
abnormalities related to underlying pathology, self-
inflicted oral injuries from reckless eating, or placing 
foreign objects in the mouth may have falsely increased 
the injury count because we did not perform a preintu-

Table 2. Characteristics of Subjects, Ancillary Equipment, and Operators

GlideScope DL Total 
Characteristic (n = 78) (n = 77)  (N = 155)

Age
> 18 years old 43 42 85
2-18 years old 35 32 67
Missing (not recorded) 0 3 3

Mallampati score
 1 41 32 73
 2 19 24 43
 3 9 10 19
 4 1 0 1

Missing (not recorded) 8 11 19

Mouth opening
< 3 cm 18 16 34
> 3 cm 55 55 110
Missing (not recorded) 5 6 11

Thyromental distance
< 6 cm 32 32 64
> 6 cm 38 38 76
Missing (not recorded) 8 7 15

Neck extension
 Full 69 69 138
 Limited 6 5 11

Missing (not recorded) 3 3 6

Stylet type 
 Rigid 33 0 33
 Flexible 21 42 63

Missing (not recorded) 24 35 59

GlideScope DL Total 
Characteristic (n = 78) (n = 77)  (N = 155)

Number of attempts 
 1 65 72 137
 2 10 1 11
 3 0 2 2

> 3 1 0 1
Failed 0 0 0
Missing (not recorded) 2 2 4

Cormack-Lehane classification
 1 48 51 99
 2 27 19 46
 3 3 4 7
 4 0 0 0

Missing (not recorded) 0 3 3

Oral airway used
 Yes 17 22 39
 No 60 53 113

Missing (not recorded) 1 2 3

Operator title
 CRNA 55 59 114

Attending anesthesiologist 12 1 13
 SRNA 11 14 25

 Anesthesiology resident 0 0 0 
physician
Other (ENT resident) 0 1 1
Missing (not recorded) 0 2 2

Experience of operator
< 1 year 9 9 18
> 1 year 62 58 120
Missing (not recorded) 7 10 17
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bation examination, only a postintubation examination. 
Looking at the studies by Aziz et al4 and Greer et al,35 

we see that their data on complications (injury) was ascer-
tained by electronically searching the medical record for 
documented postintubation injuries. This may have led 
to a falsely low reported incidence, because small minor 
injuries, especially those in the posterior oropharynx and 
upper larynx would often be missed if someone was not 
specifically performing a thorough examination of the 
mouth and airway. Additionally, small minor trauma of 
uncertain origin often goes undocumented because of 
uncertainty of cause of such injury and fear that docu-
mentation might increase liability by assuming responsi-
bility for those injuries, which in most cases, will never be 
“noticed” by the patient because of the clinically insignifi-
cant nature. Furthermore, examination of the difference 
in incidence of injury for DL-facilitated intubation re-
ported by Greer et al (0.015%) using a retrospective chart 
review and that by Mourão et al (52.1%) in their prospec-
tive study highlights the vast differences in incidence one 
might ascertain utilizing the different study designs. 

Another possible source of bias may have been in-
troduced by neglecting to ensure internal validity and 

thus reliability of our data collection tool. In retrospect, 
performing a small pilot study using the data collection 
tool on a sample of patients and having 2 different ENT 
surgeons or anesthesia providers each assess the same 
patient and separately record his or her findings would 
have allowed a Cronbach α to be calculated, thus ensur-
ing that the tool was measuring what it intended.

In addition to limiting the generalizability of the 
results by using a convenience sampling method, a 
limitation of our study was that we were not able to 
adequately examine confounding variables that are often 
attributed to injury sustained during endotracheal intu-
bation. Experience level of the operator, type of stylet, 
use of an oral airway to perform mask ventilation before 
intubation, degree of difficulty, and number of attempts 
are all factors that can contribute to injuries of the mouth 
and pharynx during intubation. Although we designed 
the study to track and account for these variables, many 
were inconsistently recorded on the data collection tool 
by the intubating operator. Some of the variables have 
seemingly few missing values. Interestingly, nearly all 
the missing data points were from subjects who sustained 
injury. Missing as few as 2 or 3 data points from a single 

Table 3.  Characteristics of Observed Injuries

Type of All Incidence 
Laryngoscopy Minimal Moderate Severe Injuries  (%)

GlideScope (n = 78)
Lip (upper) 7 0 0 7 
Soft palate 2 1 0 3 

 Tonsils/pillars 3 2 0 5 
Oropharynx (posterior) 0 1 0 1 

Subtotal within group 12 4 0 16 20.51

Direct laryngoscopy (n = 77) 
Lip (upper) 3 0 0 3 

 Tonsils/pillars 3 0 0 3 
Oropharynx (posterior) 2 2 0 4 

 Tongue 1 0 0 1 
Subtotal within group 9 2 0 11 14.29

Total (N = 155) 21 6 0 27 Overall 17.42 
 incidence

>18
years

old 58%

2 to 18 
years old

42%
>18

years
old 57%

2 to 18 
years old

43%
>18

years
old 55%

2 to 18 
years old

45%

Total injuries Injuries in DL group Injuries in GS group

Figure 2.  Injuries by Group
Abbreviations: DL, direct laryngoscope; GS, GlideScope.
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group when the overall injury occurrence is very low 
(16 with GS; 11 with DL) drastically alters the ability to 
perform adequate and meaningful statistical analysis that 
would be deemed significant. Rather than make base-
less impressions from the data, the authors of this study 
choose instead to acknowledge this limitation and simply 
display the data in tabular format. As such, the reader 
can gain a somewhat better mental picture of the study 
population while understanding that no evidence-based 
conclusion or inferences can be drawn for said data. In 
future studies, these authors would have had this type of 
data collected by study staff, rather than self-reported by 
the intubating operator, to ensure more consistent data 
collection. Another option might be to have key patient 
identifiers recorded on the study tool so that a post hoc 
chart review can be performed to fill in these missing data 
points. This second option was avoided to thoroughly 
ensure protection of study subjects. Additionally, by re-
moving patient identifiers, the study data collection tools 
had no chance of violating the federal Health Insurance 
Portability and Accountability Act of 1996.

Conclusion
The GlideScope and video laryngoscopy can be valuable 
tools to the anesthetist when used properly and with ad-
equate training. Endotracheal intubation is not a benign 
procedure and may lead to injury of the mouth, pharynx, 
and larynx regardless of the method used to facilitate the 
passage of the ET tube to the desired location. Direct la-
ryngoscopy has been the gold standard for endotracheal 
intubation for many generations and is considered safe. 
The GlideScope is equally as safe a method for facilitating 
endotracheal intubation and our findings indicate that in-
cidence of injury are equal to that of direct laryngoscopy. 
Further study is necessary using larger sample sizes and 
a broader patient population. Attention to analyzing con-
founding factors must be employed to determine if other 
variables can be deemed to have significant relationships 
with incidence of injury.
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