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Abstract
Few studies have examined the impact of video laryngoscopy (VL) on operating room efficiency. We hypothesized that VL
reduces anesthesia control time (ACT), a metric of anesthesia efficiency, compared with fiberoptic intubation (FOI) in potentially
difficult airways, but that direct laryngoscopy (DL) remains more efficient in routine cases. We performed a multi-institutional,
retrospective chart review of anesthetic cases from 2015 to 2016. Cases were compared based on choice of airway technique
(laryngeal mask airway [LMA], DL, VL or FOI) and ACT. Generalized linear models with gamma distribution and log link were
then used tomodel the data to control for variables including ASA physical status (PS),Mallampati (MP) score, bodymass index,
and presence of a trainee. ACTwas analyzed for 32,542 cases. LMA insertion was associated with a median ACTof 10 min (CI
8–14min), DL 14min (CI 11–18min), VL 17min (CI 13–21min) and FOI 20min (CI 14.5–26min). Modeling confirmed these
results when controlling for variables expected to increase the ACT. However, modeling also revealed that presence of a trainee
minimizes the increase in ACT for cases using VL or FOI. Use of VL in patients with a high MP score may improve anesthesia
efficiency in the operating room. ASA PS, MP score, and presence of a trainee are all associated with an increased ACT. Trainee
presence with both FOI and VL was associated with reduced increases in ACT for these devices.
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Abbreviations
ACT Anesthesia Control Time
FOI Fiberoptic intubation
VL Video laryngoscopy
DL Direct laryngoscopy
BMI Body mass index
LMA Laryngeal mask airway
MP Mallampati class
CI Confidence interval
T1 In room to induction complete
T2 Induction start to induction complete

T3 Induction start to intubation
T4 In room to intubation
CRNA Certified Registered Nurse Anesthetist
SRNA Student Registered Nurse Anesthetist

Introduction

The prevalence and availability of video laryngoscopes has
increased dramatically over the past 20 years [1] with the
introduction of videolaryngoscopes such as the Glidescope®
(Verathon Inc., Seattle) in 2001, the C-MAC® (Karl Storz,
Tuttligen) in 2009, the McGrath® (Medtronic, Minneapolis)
in 2010, and several other devices. Video laryngoscopes are
increasingly being employed in both routine and difficult air-
way management [1]. There is clear evidence that video lar-
yngoscopy (VL) has a role in anticipated difficult airways as
well as known difficult airways [2]. VL has repeatedly been
shown to decrease the number of airway attempts and improve
laryngeal view [3–7]. While it has been shown that VL is
associated with a faster intubation time in the difficult airway
[8], the results are mixed for routine use. Some studies have
shown that the C-MAC was associated with shorter time to
intubation in the general population [9], yet other studies have
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suggested a slightly longer time to intubation with VL [7]. A
recent Cochrane review suggested that there was no evidence
to indicate that VL increases time to intubation [10].

Despite the increasing popularity of video laryngoscopy
and the clear impact it has had on patient safety, it remains
unclear how the choice of airway management technique af-
fects operating room (OR) efficiency. Anesthesia control time
(ACT) is considered an important metric for efficiency in
cases requiring anesthesia [11–14], and is being increasingly
scrutinized, together with other ORmetrics as hospitals aim to
reduce operating costs and increase OR productivity. The re-
lationship between video laryngoscopy use and ACT has yet
to be examined, particularly with respect to routine, elective
cases.

The goal of this study was to examine the association be-
tween airway management choice and ACT, along with other
time metrics including in room time to intubation. We hypoth-
esized that VL improves anesthesia efficiency and reduces
ACT in patients with potentially difficult airways compared
with fiberoptic intubation (FOI) as well as direct laryngoscopy
(DL). We also hypothesized that DL would be more efficient
in routine cases compared to VL based on previous studies
and anticipated set-up time required.

The secondary goal of this study was to determine variables
that contributed to increases in ACT. It has previously been
reportedly by Luedi et al. that higher ages and American
Society of Anesthesiologists (ASA) physical status (PS) pa-
tients lead to increases in turnover time which in this study
included ACT as part of turnover time. Our goal was to spe-
cifically analyze ASA-PS related to the specific time periods
measured in our study including ACT while also looking at
other variables including body mass index (BMI), trainee
presence, and Mallampati (MP) score [15].

Methods

To test our hypothesis, we conducted a multi-institutional,
retrospective chart review of electronic health records at two
academic hospitals and two community hospitals, examining
ACT and type of airway technique used over a 14-month
period, from September 2015 to October 2016 at one academ-
ic center, May 2016 to October 2016 at the other academic
center and the community hospitals (different study time
frames correspond to implementation of a new electronic
medical record system at various times at each institution).
Inductions were performed in the same OR as the case was
to be performed and none of the sites utilized induction rooms.
The academic centers were both large institutions that includ-
ed combinations of solo attendings, residents, CRNAs and
SRNAs. The community sites utilized a combination of solo
attendings and CRNAs. Monitored anesthesia care cases were
excluded as there was no airway instrumentation documented.

ACT was defined as the time the patient entered the room to
the time of induction complete [11–13]. Airway techniques
included DL with both Miller and Macintosh blades, VL with
both Glidescope and C-MAC devices, and FOI, both awake
and asleep. This study was approved by Partners Healthcare
Institutional Review Board and the study was exempted from
consent requirement given its retrospective nature.

We excluded all cases with known variables that delay ACT
such as arterial line placement, central line placement, cardiac
or thoracic cases, peripheral nerve block placement or neuraxial
anesthesia, and emergency cases and cases with ASA-PS 5
[11]. Although many of these cases may have had quickly
performed airway techniques, the possibility of a delay in
achieving the induction complete time due to performing addi-
tional procedures or tasks caused us to exclude these cases. The
primary outcome was anesthesia control time (T1), which is
measured from the time the patient entered the OR to induction
complete. However, several other time variables were analyzed
including induction start to induction complete (T2), induction
start to intubation (T3), and in-room time to intubation (T4).
Further exclusions were made based on the completeness of the
data. Cases where time points were missing were excluded
separately and the analytical sample was restricted to patients
with T1 > 0, T2 > 0, T3 ≥ 0 and T4 > 0. Thus, cases with inac-
curate charting (e.g. intubation charted prior to in-room time)
were automatically excluded. Cases without documented ASA
PS scores or MP scores were excluded as were cases with the
BMI less than 10 or greater than 70. Furthermore, cases with an
anesthesia control time > 120 min were excluded. Lastly, cases
with multiple airway devices used were excluded as it was
impossible to tell which device had been used first in our elec-
tronic anesthesia record.

Categorical variables were summarized with frequencies
and percentages, while continuous variables were summarized
with median and interquartile. Chi-square test and Kruskal-
Wallis test were used to analyze whether there were differ-
ences in patient characteristics among the four groups.

Generalized linear models with gamma distribution and log
link were then used to model the right-skewed responses.
Modeling was performed to further control for variables that
were suspected to increase anesthesia control time (MP scores,
ASA PS, presence of a trainee [16], BMI). The reference point
for all analyses with modeling was an ASA PS 1 patient with a
MP 1 score who underwent a DL airway technique. Since MP
scores was suspected to be an effect modifier for airway tech-
nique used, we initially included an interaction term of MP
scores and airway technique in all four models. Later this term
was removed in the models for T3 and T4 due to non-signif-
icance. Then, further sub-group analysis was performed be-
tween various airway techniques using Wilcoxon rank-sum
test. The significance level was set to be 0.05. All tests were
two-sided and all statistical analyses were performed with
SAS software version 9.4 (SAS Institute Inc. Cary, NC).
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Results

Our search identified 84,022 completed cases, of which
33,861 records met our inclusion criteria (see Fig. 1). We
analyzed 32,542 cases for ACT (T1, in room time to induction
complete time), 31,697 cases for T2 (induction start to induc-
tion complete), 32,595 cases for T3 (induction start to intuba-
tion) and 32,819 cases for T4 (in room to intubation time). The
characteristics of the T1 group are displayed in Table 1, the T3
group characteristics are in Table 3, and the T4 group charac-
teristics are in Table 4.

The characteristics for the group T2 were similar to T1, T3,
and T4 and are displayed in Table 2. For each airway tech-
nique group, the populations were similar with respect to age
(Laryngeal Mask Airway [LMA] 54 years old, DL 54 years
old, VL 59 years old, and FOI 55.5 years old) and BMI (LMA
26.8m2/kg, DL 27.1 m2/kg, VL 29.6 m2/kg, and FOI 25.9 m2/
kg). However, the VL and FOI airway groups were more
likely to be associated with the presence of a trainee (VL
37.8%, FOI 57.2%) compared to LMA and DL (LMA
27.1%, DL 30.9%). This difference was statistically signifi-
cant with a p value of <0.0001. This difference was also noted
for higher ASA PS and MP scores. For instance, ASA PS 3
patients were 47% of the VL group and 35.7% of the FOI
population compared to 20.2% of the LMA population and
26.2% of the DL population. Similar trends are noted for the
other time periods analyzed (T2-T4).

Based on the analysis applied above, LMA insertion was the
quickest form of airway technique based on the anesthesia con-

trol time with an average time of 10 min (CI 8–14min), then DL
14 min (CI 11–18 min), then VL 17 min (CI 13–21 min) and
lastly FOI 20 min (CI 14.5–26 min). All of these results were
statistically significant. Results are displayed in Table 1.A similar
trend was noted for induction start to induction complete times
(T3). LMA was 2.0 min (CI 1–4 min), DL was 4 min (CI 2–
6 min), VL was 5 min (CI 3–7 min), and FOI was 6 min (CI 4–
11 min). All results had a p value of <0.0001. Results for the T3
time period are shown in Table 3. This trend was again seen with
the in-room to intubation time. LMAwas 8 min (CI 7–11 min),
DL was 11 min (CI 9–15 min), VL was 13 min (CI 10–17 min)
and FOI was 15 min (CI 11–20 min). All results had a p value of
<0.0001 and are displayed in Table 4.

The generalized linear model with gamma distribution and
log link is displayed in Table 5 for all time points. Higher ASA
PS was associated with increased duration for all four time
periods measured (T1-4). Anesthesia control time was in-
creased by 2.78% (CI 1.15–4.43%) for ASA PS 2 patients,
16.52% (CI 14.37–18.72%) for ASA PS 3 patients, and
42.96% (CI 34.47–52.14%) for ASA PS 4 patients. The
BMI increased anesthesia control time by a small but signifi-
cant factor (0.2%) when controlling for other variables. VL
use was associated with increased control time in the model-
ing (17.68% CI 13.77–21.76%) compared to DL given that
the patient was MP 1 and after controlling for other variables,
as was FOI (38.29%, CI 26.28–51.71%) compared to MP 1
with DL. These were both statistically significant. These
trends were also true and significant for the other time metrics
analyzed and are displayed in Table 5.

Fig. 1 Selection process for
records identified in specific time
period (September 2015–October
2016). EHR, electronic health re-
cord; ASA PS, American Society
of Anesthesiologists Physical
Status; BMI, body mass index;
T1, anesthesia control time; T2,
induction start to induction com-
plete; T3, induction start to intu-
bation; T4, in-room time to
intubation
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Trainee presence increased anesthesia control time by
17.42% (CI 16.02–18.85, p value <0.0001) during DL
cases after controlling for other covariates, yet the pres-
ence of trainees had a smaller impact during VL airways

as it only increased ACT by 9.66% (CI 6.85–12.53). The
presence of a trainee during a FOI had no impact on
ACT (P value 0.6244) after controlling for other
covariates.

Table 1 Characteristics by Airway Technique Groups, in-room time to induction complete time

Total LMA Direct laryngoscopy Video laryngoscope Fiberoptic intubation P value

Number of patients N = 32,519 5435 (16.7) 22,251 (68.4) 4321 (13.3) 512 (1.6)

In-room time to induction
complete time in minutes

14.0 (10.0–18.0) 10.0 (8.0–14.0) 14.0 (11.0–18.0) 17.0 (13.0–21.0) 20.0 (14.5–26.0) <0.0001

Age in years 54.0 (41.0–66.0) 54.0 (39.0–66.0) 54.0 (40.0–65.0) 59.0 (48.0–68.0) 55.5 (39.0–65.0) <0.0001

ASA PS

1 3654 (11.2) 899 (16.5) 2545 (11.4) 156 (3.6) 54 (10.55) <0.0001

2 19,358 (60.1) 3415 (62.8) 13,772 (61.9) 2080 (48.1) 271 (52.9)

3 9134 (28.1) 1099 (20.2) 5823 (26.2) 2029 (47.0) 183 (35.7)

4 193 (0.6) 22 (0.4) 111 (0.5) 56 (1.3) 4 (0.8)

MP score

I 10,525 (32.4) 1821 (33.5) 7863 (35.3) 728 (16.9) 113 (22.1) <0.0001

II 17,258 (53.1) 3067 (56.4) 11,938 (53.7) 2018 (46.7) 235 (45.9)

III 4320 (13.3) 518 (9.5) 2335 (10.5) 1358 (31.4) 109 (21.3)

IV 416 (1.3) 29 (0.5) 115 (0.5) 217 (5.0) 55 (10.7)

BMI 27.4 (23.7–31.8) 26.8 (23.5–30.7) 27.1 (23.6–31.5) 29.6 (25.3–35.0) 25.9 (22.3–30.8) <0.0001

Presence of a trainee

No 22,246 (68.4) 3964 (72.9) 15,377 (69.1) 2686 (62.2) 219 (42.8) <0.0001

Yes 10,273 (31.6) 1471 (27.1) 6874 (30.9) 1635 (37.8) 293 (57.2)

Note: Continuous variables were summarized using median and interquartiles. Categorical variables were summarized using frequencies and percent-
ages. LMA laryngeal mask airway, ASA PS American Society of Anesthesiologists Physical Status, MPMallampati score, BMI body mass index

Table 2 Characteristics by Airway Technique Groups, induction to induction complete time

Total LMA Direct laryngoscopy Video laryngoscope Fiberoptic P value

Number of patients N = 31,681 5272 (16.6) 21,656 (68.4) 4246 (13.4) 507 (1.6)

Induction to induction
complete time in minutes

7.0 (4.0–10.0) 4.0 (3.0–7.0) 7.0 (5.0–10.0) 8.0 (6.0–12.0) 11.0 (7.0–17.0) <0.0001

Age in years 55.0 (41.0–66.0) 54.0 (39.0–66.0) 54.0 (40.0–65.0) 59.0 (48.0–68.0) 56.0 (39.0–65.0) <0.0001

ASA PS

1 3504 (11.1) 861 (16.3) 2440 (11.3) 151 (3.6) 52 (10.3) <0.0001

2 19,000 (60.0) 3322 (63.0) 13,369 (61.7) 2039 (48.0) 270 (53.3)

3 8987 (28.4) 1070 (20.3) 5738 (26.5) 1998 (47.1) 181 (35.7)

4 190 (0.6) 19 (0.4) 109 (0.5) 58 (1.4) 4 (0.8)

MP score

I 10,250 (32.4) 1758 (33.4) 7660 (35.4) 720 (17.0) 112 (22.1) <0.0001

II 16,810 (53.1) 2980 (56.5) 11,619 (53.7) 1979 (46.6) 232 (45.8)

III 4216 (13.3) 506 (9.6) 2266 (10.5) 1336 (31.4) 108 (21.3)

IV 405 (1.3) 28 (0.5) 111 (0.5) 211 (5.0) 55 (10.9)

BMI 27.4 (23.7–31.8) 26.9 (23.5–30.8) 27.1 (23.6–31.5) 29.6 (25.2–35.0) 25.8 (22.2–30.8) <0.0001

Presence of a trainee

No 21,550 (68.0) 3833 (72.7) 14,867 (68.7) 2633 (62.0) 217 (42.8) <0.0001

Yes 10,131 (32.0) 1439 (27.3) 6789 (31.3) 1613 (38.0) 290 (57.2)

Note: Continuous variables were summarized using median and interquartiles. Categorical variables were summarized using frequencies and percent-
ages. LMA laryngeal mask airway, ASA PS American Society of Anesthesiologists Physical Status, MPMallampati score, BMI body mass index
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Modeling shows that MP 3 and 4 scores were associated
with longer ACTs compared to MP 1 score group. MP 3
scores had an increase by 3.21% (95% CI 1.19–5.27%) and
MP 4 scores had an increase by 14.84% (95% CI 6.37–

24.22%) for DL group, after adjusting for other covariates.
However, for a MP 4 patient, the increase in ACTwhen using
VL was not statistically significant (P value = 0.8997), when
controlling for other variables. Similarly, using FOI in an MP

Table 3 Characteristics by Airway Technique Groups, induction to intubation time

Total LMA Direct laryngoscopy Video laryngoscope Fiberoptic P value

Number of patients N = 32,587 2717 (8.3) 24,264 (74.5) 5070 (15.6) 536 (1.6)

Induction to intubation
time in minutes

4.0 (2.0–6.0) 2.0 (1.0–4.0) 4.0 (2.0–6.0) 5.0 (3.0–7.0) 6.0 (4.0–11.0) <0.0001

Age in years 55.0 (41.0–66.0) 54.0 (40.0–66.0) 54.0 (40.0–65.0) 59.0 (48.0–68.0) 55.0 (38.5–65.0) <0.0001

ASA PS

1 3643 (11.2) 411 (15.1) 2976 (12.3) 199 (3.9) 57 (10.6) <0.0001

2 19,729 (60.5) 1776 (65.4) 15,075 (62.1) 2589 (51.1) 289 (53.9)

3 9025 (27.7) 522 (19.2) 6096 (25.1) 2221 (43.8) 186 (34.7)

4 190 (0.6) 8 (0.3) 117 (0.5) 61 (1.2) 4 (0.8)

MP score

I 10,461 (32.1) 890 (32.8) 8614 (35.5) 832 (16.4) 125 (23.3) <0.0001

II 16,893 (51.8) 1554 (57.2) 12,812 (52.8) 2288 (45.1) 239 (44.6)

III 4760 (14.6) 257 (9.5) 2705 (11.2) 1683 (33.2) 115 (21.5)

IV 473 (1.5) 16 (0.6) 133 (0.6) 267 (5.3) 57 (10.6)

BMI 27.4 (23.7–32.0) 27.1 (23.8–30.9) 27.1 (23.6–31.5) 29.8 (25.4–35.0) 25.8 (22.2–30.6) <0.0001

Presence of a trainee

No 22,984 (70.5) 2188 (80.5) 17,178 (70.8) 3394 (66.9) 224 (41.8) <0.0001

Yes 9603 (29.5) 529 (19.5) 7086 (29.2) 1676 (33.1) 312 (58.2)

Note: Continuous variables were summarized using median and interquartiles. Categorical variables were summarized using frequencies and percent-
ages. LMA laryngeal mask airway, ASA PS American Society of Anesthesiologists Physical Status, MPMallampati score, BMI body mass index

Table 4 Characteristics by Airway Technique Groups, in-room time to intubation time

Total LMA Direct laryngoscopy Video laryngoscope Fiberoptic P value

Number of patients N = 32,810 2723 (8.3) 24,456 (74.5) 5087 (15.5) 544 (1.7)

In-room time to intubation
time in minutes

11.0 (9.0–15.0) 8.0 (7.0–11.0) 11.0 (9.0–15.0) 13.0 (10.0–17.0) 15.0 (11.0–20.0) <0.0001

Age in years 55.0 (41.0–66.0) 54.0 (40.0–66.0) 54.0 (40.0–65.0) 59.0 (48.0–68.0) 55.0 (39.0–65.5) <0.0001

ASA PS

1 3676 (11.2) 413 (15.2) 3005 (12.3) 202 (4.0) 56 (10.3) <0.0001

2 19,861 (60.5) 1780 (65.4) 15,198 (62.1) 2592 (50.9) 291 (53.5)

3 9081 (27.7) 522 (19.2) 6132 (25.1) 2234 (43.9) 193 (35.5)

4 192 (0.6) 8 (0.3) 121 (0.5) 59 (1.2) 4 (0.7)

MP score

I 10,534 (32.1) 897 (32.9) 8678 (35.5) 835 (16.4) 124 (22.8) <0.0001

II 17,008 (51.8) 1554 (57.1) 12,913 (52.8) 2298 (45.2) 243 (44.7)

III 4793 (14.6) 257 (9.4) 2729 (11.2) 1688 (33.2) 119 (21.9)

IV 475 (1.4) 15 (0.6) 136 (0.6) 266 (5.2) 58 (10.7)

BMI 27.4 (23.7–32.0) 27.0 (23.7–30.9) 27.1 (23.5–31.5) 29.7 (25.4–35.0) 25.8 (22.3–30.7) <0.0001

Presence of a trainee

No 23,153 (70.6) 2192 (80.5) 17,330 (70.9) 3402 (66.9) 229 (42.1) <0.0001

Yes 9657 (29.4) 531 (19.5) 7126 (29.1) 1685 (33.1) 315 (57.9)

Note: Continuous variables were summarized using median and interquartiles. Categorical variables were summarized using frequencies and percent-
ages. LMA laryngeal mask airway, ASA PS American Society of Anesthesiologists Physical Status, MPMallampati score, BMI body mass index
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1 patient would increase the control time by 34.61% (95% CI
16.99–54.87%). With higher MP class, airway technique im-
pacted efficiency more. Given that the patient had a MP 3
score and no trainee presence, using VL would increase the
control time by 14.18% (95% CI 10.8–17.67%), while using
FOI would increase the control time by 48.82% (95% CI
36.07–62.76%), compared to using DL and after adjusting
for other covariates. This trend was also noted for the other
time variables analyzed.

Further subgroup analysis was performed within the ACT
group (T1) to examine the differences between direct laryn-
goscopy techniques and differences between video laryngos-
copy techniques (Table 6). Miller blade direct laryngoscopy
(13 min, CI 11–18) was shown to reduce ACT by 1 min com-
pared to a MAC blade (14 min, CI 10–17, p < 0.0001). It was
also noted that Glidescope video laryngoscopy intubations
(15 min, CI 12–20) were significantly faster than CMAC in-
tubations (18 min, CI 14–22). The p value for this comparison
was significant (p < 0.0001). Interestingly, both the Miller
(n = 2150) and Glidescope (n = 1743) techniques were less
commonly used at these four institutions compared to
Macintosh (n = 20,101) and CMAC (n = 2578) techniques,
as shown in Table 6. Results were similar when looking at
the time point T3 (induction to intubation time) except for
the Macintosh vs. Miller category, which showed no statisti-
cally significant difference between airway device used and
duration of time from induction to intubation time.

Discussion

In this retrospective chart analysis of 32,542 cases we found
that LMA insertion was associated with the shortest ACT.
This seems logical since endotracheal intubation often re-
quires use of paralytic agents and longer bag-mask ventilation
in the case of non-depolarizingmuscle relaxants and therefore,
more time elapses while waiting for medications to exert their
effect. This study also showed that direct laryngoscopy was
associated with shorter ACTs compared to video laryngosco-
py, contrary to some previous reports. Despite the increased
use of VL, this study suggests that for maximum efficiency in
routine cases, direct laryngoscopy should continue to be used.
This further supports the important role of direct laryngoscopy
for all anesthesia providers and the importance of continuing
to teach this technique to trainees [17]. Additionally, the study
showed a statistically significant difference in ACT based on
type of DL or VL used (e.g. ACTs were shorter with theMiller
blade than with Macintosh, with the Glidescope than the
CMAC). This difference is not explained by increased famil-
iarity with these techniques since they were actually less com-
monly used during this time period but may instead suggest an
intrinsic value in these airway devices. For instance, one rea-
son an intubation with a Glidescope may be quicker is thatT
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there is no ability to perform direct laryngoscopy, thus speed-
ing up the process, unlike the CMAC which can allow both
direct and indirect laryngoscopy.

This study does show that expected factors including ASA
PS, MP score, presence of a trainee and BMI are associated
with increased ACTs. Interestingly, BMI had a very minimal
impact on ACT compared to the other variables. ASA PS
likely increases ACT due to slower inductions for more med-
ically complex patients. MP score likely contributes to both
airway time and possibly a slower induction. It has previously
been shown that trainees have a shorter intubation time with
VL than DL [18]. Interestingly, having a trainee present did
not impact the time for FOI and had less impact than would be
expected for VL compared to DL. This may be because these
techniques are faster with additional, skilled personnel avail-
able to assist with instrumentation.

Perhaps the most interesting results of the study are that in
the anticipated difficult airway (which we categorized asMP 4
patients), VL minimizes the increase in ACT compared to DL
with these cases; however this was not seen with the MP 3
patients. This suggests that in particular situations, VLmay be
the most efficient technique in addition to being the safest
technique [1], similar to previous reports [8].

DL is likely more efficient compared to VL or FOI due to
decreased set-up time and ease of use of equipment. Our find-
ings are discrepant with some previous studies evaluating time
to intubation between DL and VL. However, we used the
ACT as the primary outcome measure instead of time to intu-
bation as this better captures time required for each airway
technique, including setup and utilization. Interestingly, our
data also showed this difference between VL and DL for all
other time periods (T2-4), suggesting an intrinsic difference in
the airway technique itself. Furthermore, a unique aspect of
our study is that it looks at the influence of airway manage-
ment technique in the general population instead of focusing
on difficult airway populations.

As this study was performed at both academic and com-
munity hospital settings and included a robust sample size, its
results are generalizable. However, none of the sites utilized
induction rooms to start cases. Induction rooms may improve
overall OR efficiency, but their use should not alter the in
room time to intubation time, another metric that was analyzed
in this dataset, showing similar trends to ACT. It is limited by
its retrospective nature, and the fact that the VL and FOI
populations involved patients with statistically higher MP
scores and higher ASA PS scores. Furthermore, the data are
based on charted time points in the electronic anesthesia re-
cord which likely have variable accuracy based on provider
entry. The time points are charted to the closest minute, not
second, further limiting accuracy. Statistical modeling helps to
control for variables associated with longer ACT, and still
shows an increase in ACT with VL and FOI compared to
DL. Other possible limitations include the exclusion of cases

where multiple airway devices were used. For instance, cases
where a difficult airway may have been predicted (MP 3 or 4)
and DL was initially attempted with inability to secure the
airway but later rescued by VL or FOI, were excluded.
These cases may have increased the ACT for DL cases. Our
database is unable to capture successful first attempts, and
evidence of fewer attempts with VL has already been reported
in several prior analyses [2–10].

There is little debate that video laryngoscopes have im-
proved patient safety during induction of anesthesia and
airway instrumentation [1, 6, 7, 10, 18], but our novel study
suggests that their use does have an impact on OR efficien-
cy. In some cases, VL can decrease efficiency (routine
cases, not anticipated difficult airway) and in others (espe-
cially patients with a higher MP score) it can have minimal
impact or possibly increase efficiency. Reduction of time
spent in the operating suite is potentially valuable; estimates
of cost per minute in individual ORs range from 15 to
62 U.S. dollars per minute [19–22]. Administrators often
extrapolate these time reductions to savings at the end of
the workday through prevention of over-utilized time, al-
though this association may be overstated. These theoretical
time savings must be balanced against the expensive nature
of these devices, which range from $500 to $60,000 depend-
ing on set-up and device. We must also acknowledge that
because of the sheer number of variables associated with
airway techniques, the relationship between reduction in
OR time and savings is not always clear. However, the re-
sults from our data are promising and support the notion that
video laryngoscopymay improve efficiency in patients with
specific traits associated with a more challenging intuba-
tion, such as higher ASA PS and MP score. This, combined
with possible improvements in patient safety and outcomes
likely justify the high cost of this equipment.

In conclusion, we found that laryngeal mask insertion is
associated with the shortest ACT. Furthermore, despite previ-
ous reports, our data suggests that DL is associated with a
shorter ACT than VL, even when controlling for other vari-
ables. The statistical modeling also shows that ACT is in-
creased with factors such as presence of a trainee, higher
BMI, ASA PS and MP score. Knowing that these variables
impact ACT may allow for more accurate time management
for selected cases. The increased time for ACT with trainee
presence likely reflects a component of teaching, incomplete
skill development and change in routine OR teams, which has
previously been shown to impact turnover times which in-
cludes the ACT [23].

Further research in this area may include a randomized con-
trol trial between DL and VL, such as the ongoing EMMA trial
evaluating McGrath Mac vs Macintosh laryngoscopy. Results
from the EMMA [24] trial will likely help further our under-
standing of the risks and benefits of VL compared to DL, while
also evaluating the efficiency associated with each procedure.

J Med Syst (2019) 43: 72 Page 9 of 10 72



Regardless of the results of the EMMA trial, our study
shows that in appropriately selected patients, an LMA device
is the most efficient airway management technique currently
available. Furthermore, it suggests that in certain patient pop-
ulations, VL may not only be more ideal from a patient safety
standpoint (better first attempt success [3–7]) but also improve
efficiency. Some previous studies have advocated for the uti-
lization of VL for most patients. Our study does not support
this idea from an efficiency standpoint in a patient with a
routine airway.

Compliance with ethical standards

Conflict of interest None of the authors have any conflicts of interest
relevant to this work.

Publisher’s note Springer Nature remains neutral with regard to jurisdic-
tional claims in published maps and institutional affiliations.

References

1. Lafferty, B. D., Ball, D. R., andWilliams, D., Videolaryngoscopy as
a new standard of care. Br. J. Anaesth. 115:136–137, 2015.

2. Stroumpoulis, K., Pagoulatou, A., Violari, M., Ikonomou, I.,
Kalantzi, N., Kastrinaki, K., Zanthos, T., and Michaloliakou, C.,
Videolaryngoscopy in the management of the difficult airway: A
comparison with the Macintosh blade. Eur. J. Anaesthesiol. 26:
218–222, 2009.

3. Cavus, E., Thee, C., Kieckhaefer, J., Doerges, V., and Wagner, K.,
A randomized, controlled crossover comparison of the C-MAC
videolaryngoscope with direct laryngoscopy in 150 patients during
routine induction of anaesthesia. BMC Anesthesiol. 11:6, 2011.

4. Kaplan, M. B., Hagberg, C. A., Denham, W. S., Brambrink, A.,
Chhibber, A. K., Heidegger, T., Lozada, L., Ovassapian, A.,
Parsons, D., Ramsay, J., Wilhelm, W., Zwissler, B., Gerig, H. J.,
Hofstetter, C., Karan, S., Kreisler, N., Pousman, R. M., Thierbach,
A., Wrobel, M., and Berci, G., Comparison of the direct and video-
assisted views of the larynx during routine tracheal intubation.
J. Clin. Anesth. 18:357–362, 2006.

5. Serocki, G., Neumann, T., Scharf, E., Dorges, V., and Cavus, E.,
Indirect videolaryngoscopy with C-MAC D-blade and Glidescope:
A randomized, controlled comparison in patients with suspected
difficult airways. Minerva Anestesiol. 79:121–129, 2013.

6. Silverberg, M. J., Li, N., Acquah, S. O., and Kory, P. D.,
Comparison of video laryngoscopy versus direct laryngoscopy dur-
ing urgent endotracheal intubation: A randomized controlled trial.
Crit. Care Med. 43:636–641, 2014.

7. Aziz, M. F., Dillman, D., Fu, R., and Brambrink, A., Comparative
effectiveness of the C-MAC video laryngoscope versus direct lar-
yngoscopy in the setting of the predicted difficult airway.
Anesthesiology 116:629–636, 2012.

8. Jungbauer, A., Schumann, M., Brunkhorst, V., Borgers, A., and
Gröeben, H., Expected difficult tracheal intubation: A prospective

comparison of direct laryngoscopy and video laryngoscopy in 200
patients. Br. J. Anaesth. 102:546–550, 2009.

9. Salama, A. K., Hemy, A., Raouf, A., Saleh, N., and Rady, S., C-
MAC video laryngoscopy versus flexible fiberoptic laryngoscopy
in patient with anticipated difficult airway: A randomized con-
trolled trial. J Anesthesia Patient Care 1:101, 2015.

10. Lewis, S. R., Butler, A. R., Parker, J., Cook, T.M., and Smith, A. F.,
Videolaryngoscopy versus direct laryngoscopy for adults requiring
tracheal intubation. Cochrane Database Syst. Rev. 11:CD011136,
2016.

11. Kodali, B. S., Kim, K. D., Flanagan, H., Ehrenfeld, J. M., and
Urman, R. D., Variability of subspecialty-specific anesthesia-con-
trolled times at two academic institutions. J. Med. Syst. 38:11, 2014.

12. Chen, Y., Gabriel, R. A., Kodali, B. S., and Urman, R. D., Effect of
anesthesia staffing ratio on first-case surgical start time. J. Med.
Syst. 40:115, 2016.

13. Dexter, F., Coffin, S., and Tinker, J. H., Decreases in anesthesia-
controlled time cannot permit one additional surgical operation to
be reliably scheduled during the workday. Anesth. Analg. 81:1263–
1268, 1995.

14. Boggs, S. D., Tsai, M. H., and Urman, R. D., The Association of
Anesthesia Clinical Directors (AACD) glossary of times used for
scheduling and monitoring of diagnostic and therapeutic proce-
dures. J. Med. Syst. 42:171, 2018.

15. Hanss, R., Roemer, T., Hedderich, J., Roesler, L., Steinfath, M.,
Bein, B., Scholz, J., and Bauer, M., Influence of anaesthesia resi-
dent training on the duration of three common surgical operations.
Anaesthesia 64:632–637, 2009.

16. Leudi, M. M., Kauf, P., Mulks, L., Wieferich, K., Schiffer, R., and
Doll, D., Implications of patient age and physical status for operat-
ing room management decisions. Anesth. Analg. 122:1169–1177,
2016.

17. Dawson, S. R., Taylor, L., and Farling, P., The true cost of
videolaryngoscopy may be trainee experience in fibreoptic intuba-
tion. Br. J. Anaesth. 115:134–135, 2015.

18. Kim, K. N., Jeong, M. A., Oh, Y. N., Kim, S. Y., and Kim, J. Y.,
Efficacy of Pentax airway scope versus Macintosh laryngoscope
when used by novice personnel: A prospective randomized con-
trolled study. J. Int. Med. Res. 46(1):258–271, 2018.

19. Shippert, R., A study of time-dependent operating room fees and
how to save $100,000 by using time-saving products. Am. J.
Cosmet. Surg. 22:25–34, 2005.

20. Macario, A., What does one minute of operating room time cost?
J. Clin. Anesth. 22:233–236, 2010.

21. Park, K. W., and Dicerkson, C., Can efficient supply management
in the operating room save millions? Curr. Opin. Anaesthesiol. 22:
242–248, 2009.

22. Rothstein, D. H., and Raval, M. V., Operating room efficiency.
Semin. Pediatr. Surg. 27:79–85, 2018.

23. Doll, D., Kauf, P., Wieferich, K., Schiffer, R., and Leudi, M. M.,
Implications of perioperative team setups for operating room man-
agement decisions. Anesth. Analg. 124:262–269, 2017.

24. Kriege, M., Alflen, C., Tzanova, I., Schmidtmann, I., Piepho, T.,
and Noppens, R. R., Evaluation of the McGrath MAC and
Macintosh laryngoscope for tracheal intubation in 2000 patients
undergoing general anaesthesia: The randomized multicenter
EMMA trial study protocol. BMJ Open 7:e016907, 2017.

72 Page 10 of 10 J Med Syst (2019) 43: 72


	The Impact of Airway Technique on Anesthesia Control Time
	Abstract
	Introduction
	Methods
	Results
	Discussion
	References


