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Aim: To describe the adoption patterns of intubating devices used at a major teaching and research fa-
cility. Materials & methods: Retrospective analysis of 2012–2019 data on frequency and trends in airway
management devices collected from our anesthesia information management system. Results: Use of di-
rect laryngoscopy was more frequent, but there was a downward trend in use over time (p < 0.008) in
favor of video laryngoscopy (VL), which increased significantly (p < 0.008). The largest growth among de-
vices was the McGrath VL, which increased from 0.2% in 2012 to 36.2% of cases in 2019. Conclusion: Our
study shows a clear increase in VL usage which has implications in quality of care and medical education.
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Video laryngoscopy (VL) has recently seen wide-scale adoption, particularly in high-income countries [1]. Even
in low-income and middle-income countries, progress is being made at providing lower cost video laryngoscope
replacements [2,3]. Much of this transition in laryngoscope standard of care [4,5] has been facilitated as a direct result
of technological improvements [3], personal computers [6] and smartphones [7].

Direct laryngoscopy (DL) remains a crucial skill given its extreme reliability; however, mastery of DL is a com-
plicated technical skill with a substantial learning curve [8]. The experience of mastering VL is completely different,
and in general, quicker to acquire and easier to maintain than DL [8]. The different types of video laryngoscopes
have been discussed in detail [8–10]. The gradual replacement of DL by VL has been well documented among a
range of locations, patients and procedures, including the university hospital [11], ambulatory surgery [12], obstetric
surgery [13], thoracic surgery [14], for critically ill patients [15], the simulation laboratory [16] and nonoperating room
anesthesia locations (NORA) [17]. VL performance characteristics have been shown superior to those of DL in
meta-analysis [18], not only for the known or suspected difficult airway [19], but for all patients [1,20]. Intubation is
no longer a ‘private’ experience, but may be observed, recorded and objectified by a second party, for educational
purposes, as well as billing and risk management [1,17].

Herein, we performed a single center retrospective study of airway devices utilization rates at our institution,
a major teaching and research facility in New York City, between 1 January 2012 and 31 December 2019. Our
primary objective was to characterize the adoption patterns of intubation devices used at our institution. We
hypothesized that DL usage would decrease and VL usage would increase temporally over the course of the study
period.

Materials & methods
Throughout the period of the study, the lead author chaired the committee on equipment and supplies. No attempt
was made to influence choice of device; it was felt that the preponderance of clinicians would favor the device
with the most versatility. Intubation data was extracted from the anesthesia information management system,
CompuRecord (Koninklijke Philips, NV, Amsterdam, the Netherlands) and airway device utilization rates were
retrospectively analyzed between 1 January 2012 and 31 December 2019. All patients were included regardless of
age, procedures types and procedure locations.
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Table 1. Distribution of devices and labeling.
Airway devices Category

Rusch R© TruLite R© Secure Macintosh single-use laryngoscopes (NC, USA) DL

RuschTruLite Secure Miller single-use laryngoscopes (NC, USA) DL

Airtraq R© Prodol Meditec SA (Vizcaya, Spain) VL

GlideScope R© Cobalt AVL (Verathon, MedPro, NY, USA) VL

King Vision R© VL (Ambu, Inc., MD, USA) VL

McGrath R© MAC VL (Medtronic, MN, USA) VL

Bonfils R© Retromolar Intubation FiberScope (Karl Storz Endoscopy, Tuttlingen, Germany) VL

C-MAC R© Storz VL (Karl Storz Endoscopy) VL

Flexible Fiberoptic Bronchoscope Flexible Intubation Video Endoscope 6.5 and C-MAC tower (Karl Storz Endoscopy). All sites
except thoracic ORs.

FOB

Flexible Fiberoptic Bronchoscope Olympus R© CV-180 CLV-180 and tower (Olympus Corporation of the Americas, PA, USA).
Thoracic ORs only.

FOB

DL: Direct laryngoscopes; FOB: Fiberoptic bronchoscope; OR: Operating room; VL: Video laryngoscopes.

For each case, the date of service, airway device information and airway management location were extracted.
Cases with multiple airway devices were dropped from analysis. All airway devices were classified into one of three
categories: DL, VL or fiberoptic bronchoscope (FOB; Table 1). This work was the result of an internal quality
improvement effort to track the use of laryngoscopes within our department. The analysis only used aggregated data
that was non-identifiable and therefore was not considered human subjects research. No patients were consented
and the data was collected completely retrospectively with no identifiers needed.

Statistical analysis
Descriptive statistics regarding the frequency of use for each device and device category were calculated on an
annual basis. We used the Mann–Kendall trend test to determine whether there were significant changes over time
at both the device category level and for the three most frequently used devices. The trends were tested on the yearly
proportion of cases using each device category or individual device to account for a growth in the overall number
of cases over time. To determine if the preference for different types of laryngoscopes changed overtime in different
hospital locations, a sub-analysis was performed to measure whether hospital locations had significant changes
in the category of airway device used over time. First, the data was divided by locations and then a multivariate
Mann–Kendall trend test was used to compare the percentage of each device category on an annual basis. The
possible locations for cases were the operating rooms, nonoperating room areas, including the gastroenterology
suite (NORA), the labor and delivery suite, the reproductive endocrinology and infertility suite and unknown
(missing). All statistical analyses were performed using RStudio (version 1.2.5042), R (version 4.0.0) and the trend
package. We set the alpha at 0.05 when testing for significance.

Results
During the 8-year study period, there were a total of 159,447 cases where a laryngoscope was used. The intubation
volume grew nearly 50% over the course of the study from nearly 16,500 intubations per year in 2012 to more
than 24,000 intubations in 2019. During the entire study period, the most common category of airway device
used was DL (74.6%), followed by VL (23.6%) and FOB (1.8%; Table 2). This ranking was the same in each year.
When taking into consideration the increased volume of intubation cases; however, the data showed a significant
increase in the percentage of cases using VL (τ = 1; p < 0.008; Figure 1). There was also a significant decrease in the
percentage of cases using DL (τ = -1; p < 0.008). FOB devices did not have any significant upward or downward
trends throughout the study period (τ = 0.5; p < 0.10).

When breaking the data down by specific devices among all years, the three devices used most frequently were the
Macintosh (DL) (67.8%), McGrath (VL) (19.9%) and the Miller (DL) (6.7%), respectively. The top three most
frequently used devices accounted for 94.5% of all devices used each year on average (range 92.9–97.5%; Table 3,
‘top three percent column’). The Macintosh device was the single most used device, but saw a significant decrease
in the proportion of use from the start of the study period to the end (τ = -1; p < 0.0008). The percentage of
cases where the Macintosh device was used steadily dropped from 85.6% in 2012 to 55.1% in 2019. The McGrath
device drove the dramatic rise in the use video laryngoscopes from 0.2% in 2012 to 36.2% of cases in 2019. The
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Table 2. Laryngoscope categories use per year.
Year DL count DL

annual
%

DL
yearly
change

DL
yearly
change
%

VL
count

VL
annual
%

VL
yearly
change

VL
yearly
change
%

FOB
count

FOB
annual
%

FOB
yearly
change

FOB
yearly
change
%

Yearly
total

Yearly
change

Yearly
change
%

2012 15,090 94.1% 698 4.4% 254 1.6% 16,040

2013 13,932 85.0% -1158 -7.7% 2124 13.0% 1426 204.3% 340 2.1% 86 33.86% 16,395 355 2.2%

2014 13,591 78.0% -341 -2.4% 3366 19.3% 1242 58.5% 462 2.7% 122 35.88% 17,419 1024 6.2%

2015 15,606 77.5% 2015 14.8% 4112 20.4% 746 22.2% 423 2.1% -39 -8.44% 20,141 2722 15.6%

2016 16,376 74.1% 770 4.9% 5332 24.1% 1220 29.7% 389 1.8% -34 -8.04% 22,096 1955 9.7%

2017 15,269 69.3% -1107 -6.8% 6428 29.2% 1096 20.6% 338 1.5% -51 -13.11% 22,033 -63 -0.3%

2018 15,046 67.1% -223 -1.5% 7016 31.3% 588 9.1% 348 1.6% 10 2.96% 22,410 377 1.7%

2019 14,041 61.3% -1005 -6.7% 8563 37.4% 1547 22.0% 303 1.3% -45 -12.93% 22,907 497 2.2%

DL: Direct laryngoscope; FOB: Fiberoptic laryngoscope; VL: Video laryngoscope.
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Figure 1. Frequency of categories and devices use per year (percentages).

device also saw its own significant growth in proportional use over time (τ = 0.929; p < 0.002). The Miller device
had no significant trend changes (τ = -00.5; p > 0.10) and the percentage of cases where the Miller device was used
fluctuated between 8.5 and 5.6%.

Location data were available for cases starting in 2015. Analysis of device categories use within each location
type showed significant changes in the breakdown of device type usage over time in the operating room (z = -
2.2; p = 0.027), but not among NORA locations (z = 1.2; p = 0.22). The use of DL generally fell in both
nonoperative areas and operating rooms, while the use of VL increased year over year in both non-operative areas
and operating rooms (Table 4). Specifically, DL fell 7.3% from 2015 to 2019 in nonoperative areas and 10.9% over
the same time period in operating rooms. During the same time period, the use of VL rose more than 2.8-times in
the nonoperative area. In the operating room, VL usage nearly doubled from 3537 in 2015 to 6913 in 2019.
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Table 4. Breakdown laryngoscopes by year and location.
DL

Location 2015 2016 2017 2018 2019 Location total

Unknown 0 0 0 2 95 97

IVF 116 85 58 65 69 393

NORA 2332 2818 2657 2269 2161 12237

Obstetrics 26 21 39 20 18 124

Operating rooms 13132 13452 12515 12690 11698 63487

Annual total 15606 16376 15269 15046 14041

VL

2015 2016 2017 2018 2019 Location Total

Unknown 0 0 1 1 46 48

IVF 23 16 20 21 40 120

NORA 536 756 1139 1137 1523 5091

Obstetrics 16 23 48 42 41 170

Operating rooms 3537 4537 5220 5815 6913 26022

Annual total 4112 5332 6428 7016 8563

FOB

2015 2016 2017 2018 2019 Location total

Unknown 0 0 0 0 0 0

IVF 0 0 0 0 0 0

NORA 12 44 40 63 46 205

Obstetrics 0 0 0 0 0 0

Operating rooms 411 344 298 285 256 1594

Annual total 423 388 338 348 302

DL: Direct laryngoscope; FOB: Fiberoptic laryngoscope; IVF: In vitro fertilization; NORA: Nonoperating room anesthesia; VL: Video laryngoscope.

Discussion
In this study, we described our teaching hospital’s 8-year experience with airway device adoption. We found that the
McGrath R© MAC VL has been widely adopted in our institution and is in the process of eclipsing DL usage; other
VL devices remain at a low level of usage. We believe that our story might be instructive in charting the growth
of these devices, determining which particular video laryngoscopes have been more successfully implemented into
clinical practice and perhaps give some insight into where the future might lie.

The advent of VL has transformed the practice of airway management, particularly in high-income countries.
Originating as an adjunct for the management of difficult airway in the operating theatre [21,22], VL has growth
into virtually every location where airways are managed: NORA sites, the gastrointestinal suite, the labor and
delivery suite, the adult and pediatric intensive care units, the emergency department, first responder applications,
military applications and others. Over time and particularly after 2000, the quality and versatility of these devices
have markedly improved at the same time that the price has dropped or remained unchanged. In some cases, the
cost differential between DL and VL is negligible. There has been a movement toward the single-use device, often
mounted on a reusable platform, hastened by the need to prioritize infection control for both the patient and the
laryngoscopist. Recent work out of the UK showed that VL has a definite role in management of the difficult
airway [23] and that early adoption in management of the unexpected difficult airway may be advisable [20,24]. Our
findings demonstrate that when a major academic, tertiary care facility is left to its own devices, they will select the
VL device that is most versatile.

Anesthesia-specific mortality has decreased significantly in the past decades to one per 100,000 cases, of which
40% are related to or caused by complications of airway management [1]. During this period, the use of video
laryngoscopy has markedly increased, both for pre- and in-hospital airway management. Although the use of
video laryngoscopes does not decrease the number of intubation attempts in most cases, they have been shown to
improve the operator conditions, both in terms of lighting and visual angle [25]. Video laryngoscopes have improved
performance characteristics compared with direct laryngoscopes [25], including improved luminance [26], measured
in candles * meters-1. Video laryngoscopy is indeed an excellent bedside tool and has been shown to facilitate the
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acquisition of anatomic structure learning for novices. Novices learn faster and, with some video laryngoscopes, have
higher retention rates [27]. Supervising physicians are able to instruct trainees in real time, as intubation becomes a
public event [24]. Surprisingly, although first-pass intubation success rates are higher with video laryngoscopy than
with direct laryngoscopy, over all intubation-related complication rates were not different [28]. Video laryngoscopy
was listed as either a back-up or primary option in the 2013 iteration of the American Society of Anesthesiologists
Practice Guidelines for Management of the Difficult Airway [22,25]. The 4th National Audit Project of the Royal
College of Anaesthetists and the Difficult Airway Society [23] and the Difficult Airway Society 2015 guidelines for
management of unanticipated difficult intubation [24] both extol video laryngoscopy for use in the known difficult
airway and the unexpected difficult airway patient. Many experts believe that the advent of readily available [20],
high-quality, affordable [29] video laryngoscopes contributed to lower complication rates in airway management.
Video laryngoscopy is now considered standard of care for difficult airway management [1] and as a readily available
back-up technique for routine airway management. Many authors believe that the video laryngoscope is now the
new standard of care for routine airway management [20] as well. Even with large scale outcome studies [1], however,
quantifying the degree of improvement and risk reduction afforded by video laryngoscopy compared with direct
laryngoscopy has been elusive, mostly because of the myriad of factors involved [1].

Our retrospective study had several limitations. We did not fully account for the clinical decision making and
patient related factors inherent in the choice of airway device. There are many factors that may influence choice of
the device used, such as elective versus emergent surgery, aspiration risk, patient demographic, airway examination,
past medical record patient experience, attending physician versus trainee, need to prioritize trainee education
versus perceived patient safety, operating theatre versus NORA location, attending experience and preference,
device availability and departmental budget. This study did not account for the use of cases in which more than
one device was used on the same patient. We did not have data on the reason for the choice of device; it may
well be that in certain cases there were deciding factors, such as patient anatomy (frozen neck), pathology (head
and neck cancer) or surgical diagnosis (temporomandibular joint dysfunction syndrome) that favored a particular
device. Similarly, cost of each device on a per case basis was not examined. Once acquired, the choice of usage is
felt to be driven, at least partially, by nonfinancial factors. The single exception to this is the Airtraq device; the
cost per use ($83.00) being substantially higher than the other VLs, this device was used sparingly. Assuming that
VL has both a higher success rate and a lower incidence of adverse events than DL for both the anticipated and the
unanticipated difficult airway, then a full cost analysis would be required to determine device cost efficiency [29].
This is beyond the scope of our study.

Conclusion
In summary, our retrospective analysis of 2012–2019 data on frequency and trends in airway management devices
showed a clear temporal increase in VL usage and a downward trend in DL usage overtime at our institution. The
largest growth among devices was the McGrath VL. Our findings are not surprising given the improved quality
of VL over the past years and its relative price point in comparison to DL as well as recently published guidelines
promoting VL as a viable solution for most patients presenting with difficulty airway management. Future research
should explore reasons for choice of airway device and examine trends in airway management devices in relation to
intubation outcomes across multiple institutions.

Summary points

• Video laryngoscopy (VL), which has been widely adopted over the last decade, presents many benefits compared
with direct laryngoscopy (DL), including a shorter learning curve, better retention rates and superior performance
characteristics.

• We performed a retrospective, observational study to describe the adoption patterns of the intubating devices
used at our institution, a major teaching and research facility in New York City.

• Use of DL was more frequent throughout the study interval, but there was a downward trend in use over time
(p < 0.008) in favor of VL, which increased significantly (p < 0.008).

• VL usage nearly doubled in the operating rooms and increased 2.8-times in the nonoperating room anesthesia
sites.

• The largest growth among devices and the driver for VL growth, was the McGrath device, which increased from
0.2% in 2012 to 36.2% of cases in 2019.

• Increased utilization of VL has implications in quality of care and medical education.
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