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Abstract
Di�cult intubations can require advanced intubation techniques. Studies point to potential advantages of combined
techniques using video laryngoscopes (VL) and dynamic stylets for anticipated di�cult intubations. This study is
designed to compare combined techniques to awake and asleep �beroptic (FOB) techniques.

Methods: 138,387 consecutive anaesthesia cases were reviewed for use of: FOB awake, FOB asleep, or combined
technique (VL for visualization and either a FOB or a novel TCITM articulating introducer ((TCITM; Through The Cords, LLC;
Salt Lake City, UT)) as dynamic stylets as a primary approach for anticipated di�cult intubations. Primary end points
measured: �rst attempt success rate, failure to intubate with the primary technique, “in-room to intubation’ time, reported
traumatic intubation rate, and reported ease of intubation.

Results: Signi�cant differences were found between techniques. First pass success rate was highest in combined
techniques (either VL + FOB or VL + TCITM) (88.7%) followed by FOB awake (74.2%, P<0.001) and FOB asleep (80.7%,
P=0.06). “Failure to intubate with the primary technique” was lowest in combined techniques (1.8%) followed by FOB
asleep (4.6%, P=0.11) and FOB awake (9.2%, P=0.002). “In room to intubated” time was fastest in combined techniques
(13.0 minutes) followed by FOB asleep (15.1 minutes, P=0.002) and FOB awake (21.2 minutes, P<0.001). Combined
techniques were rated as ‘easy’ more often (72%) followed by FOB asleep (62.9%, P=0.12) and FOB awake (38.2%,
P<0.001). Combined techniques were rated as “atraumatic” more often (91.1%) followed by FOB asleep (89.4%, P=0.91)
and FOB awake (75.8%, P<0.001).

In subgroup analysis of combined techniques, VL + TCITM had the highest �rst attempt success rate (90.2%), lowest
failure rate (1%, P=0.56), and shortest “in room to intubated time” (12.1 minutes, P=0.12). It was also rated as "easy”
(83.3%, P<0.001), and “atraumatic“ (96.1%, P=0.009) more often than VL + FOB, FOB awake or FOB asleep.

Conclusions: Combined techniques outperformed FOB techniques in terms of effectiveness, speed, ease of use, and
patient injury in patients with risk factors for di�cult intubation. As a sub-group of combined technique, VL + TCITM

outperformed all other techniques. Combined techniques should be considered when managing di�cult intubations.

Background
Di�cult intubation remains a signi�cant problem. There is clear correlation between number of intubation attempts,
major complications and mortality. 1 2 In the event of an expected or unexpected di�cult intubation with direct
laryngoscopy (DL) and/or VL, it is important to have alternative advanced airway techniques readily available as a
primary or rescue approach to intubation. Common advanced intubation techniques include awake FOB, asleep FOB, and
combined techniques using VL with dynamic stylets such as VL + FOB or VL + TCI™. 3 When managing di�cult
intubations, the optimal technique should be readily available, fast, effective, easy to use, and atraumatic.

Intubations can be di�cult or fail for two main reasons: 1) di�cult glottic visualization and/or 2) di�cult tracheal
access. The natural airway is formed by two directionally opposing curves, the oro-pharyngeal curve and the pharyngo-
glotto-tracheal curve, with the in�ection point at the glottis. These curves essentially form a serpentine pathway from the
lips to the mid trachea. When DL is used, these curves are �attened allowing direct visualization of the glottis and “line-
of-sight” tracheal access to take place. VL consistently improves glottic visualization compared to DL by allowing
indirect visualization of the glottis around the oro-pharyngeal curve without the need to �atten either curve. However, this
unchanged serpentine pathway from the upper airway into the mid trachea can make tracheal access di�cult or even
impossible with VL.4 5 Di�cult tracheal access has been demonstrated to occur in up to 11.4% of VL uses.6 Failure to
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navigate into the trachea accounted for 76% intubation failures in a study of six different intubations using VL. 7 This is
the paradox of VL; superior visualization comes at the cost of sometimes challenging tracheal access.

VL was introduced into practice almost two decades ago intent on solving visualization problems associated with DL.
There has been little progress in tracheal access technology to compliment VL. Commonly available bougies and
malleable stylets were designed for DL. Pre-curved rigid stylets designed for VL compensate for the oro-pharyngeal curve
only. Once at the glottis, the �xed curve cannot be reshaped to follow the directionally opposed pharyngo-glotto-tracheal
curve for precise navigation into the trachea. A few introducers have been speci�cally designed to dynamically navigate
the serpentine pathway associated with VL. 8 9 As of yet, none have achieved widespread use.

A combined technique, using VL for visualization paired with a dynamic stylet for tracheal access, aims to take
advantage of the superior visualization provided by VL and the active navigational abilities provided by dynamic stylets.
Key features of dynamic stylets are an articulating tip for precision navigation and a �exible shaft that can conform to
the entire serpentine pathway of the airway.

Recent literature suggests that combined techniques may have advantages over VL with a rigid stylet or FOBs alone
when used to manage di�cult intubations in terms of improved effectiveness and lower airway injury rates. 10 11 12

Lenhart et al. demonstrated the ability of VL + FOB to rescue after failed VL with the standard rigid, pre-curved stylet. 13

They also reported 20/20 patients with cervical spine pathology and limited neck range of motion were successfully
intubated using VL + FOB. However, it is not clear in this study whether the FOB was used for visualization or only for its
navigational capabilities.

Sgalambro et al. studied a combined technique utilizing DL + FOB in unexpected di�cult airways. All 253 patients with
unexpected di�cult intubations were successfully intubated using DL + FOB. 14 The reported learning curve for DL + FOB
was only 10 intubations.

Mazzinari et al. investigated the use of VL + FOB in which the FOB was used simply as a dynamic stylet in predicted
di�cult intubations. This study found that a dynamically shapable stylet resulted in signi�cantly higher �rst pass rate,
lower injury rate, and shorter intubation time when compared to the standard rigid pre-curved stylet. 15

Shah et. al. conducted a retrospective chart review which demonstrated a 94% �rst attempt rescue rate and an overall
success rate of 97% using a combined technique of VL + TCI™ after failed laryngoscopy (with standard VL or DL). 11

Up to now, combined techniques have been studied in isolation as case reports, case series, or in controlled trials against
VL with standard malleable or rigid stylets. Little is known about the performance of combined techniques in a real world
setting in comparison to other common advanced airway techniques.

We designed a retrospective observational study to better understand the performance of combined techniques (either
VL + FOB or VL + TCI™) against FOB awake and FOB asleep in the real world setting of a single large academic institution
using a case controlled, observational, retrospective design.

Methods
This study was approved by the University of Utah Institutional Review Board #0096411

Study Design:

Retrospective, observational, case controlled, electronic medical record review.
Electronic Medical Record Review:
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138,387 consecutive cases from 5/12/15 through 8/20/2020 were analysed for those in which an advanced intubation
technique was used as the primary approach for intubation. The inclusion criteria for advanced airway techniques were;
asleep FOB awake, FOB asleep, VL + FOB, and VL + TCI™.

1,791 cases were identi�ed in which an advanced airway technique was used.

These cases were sorted for any patient with at least one risk factor for di�cult intubation. The inclusion criteria for an
anticipated di�cult airway were: Mallampati score of > 3; limited neck mobility; small mouth opening; body mass index
(BMI) > 35; neck circumference > 35.5 cm in males or 32 cm in females; and history of di�cult intubation.

A total of 849 cases were identi�ed in which an advanced technique was used as a primary approach to intubation in
patients with at least one risk factor for di�cult intubation. Analysed data for each case included: intubation devices
used, free text airway procedure notes, case date, number of intubation attempts, “in room to intubated time” user rated
ease of intubation, and user rated intubation trauma. See Fig. 1. for data �ow and advanced intubation technique
taxonomy.

These cases were then evaluated for these primary endpoints:

1) First attempt intubation success rate with primary advanced technique.

2) Failure to intubate using the primary advanced technique after 2 attempts.

3) Time from patient entry into the room to successful intubation (“in room to intubated” time).

4) User rated ease of intubation: easy, di�cult.

5) User rated traumatic intubation: atraumatic, semi-traumatic, or traumatic.

Rational for the choice of endpoints measuring effectiveness:

First intubation attempt success- Optimizing �rst attempt intubation success is an important principle when planning
any intubation. Understanding the �rst attempt success rates for different advanced intubation techniques can help
clinicians when planning for intubations.

Failure of primary technique- We chose failure as three or more intubation attempts as an endpoint for our study as
persistence with a failing technique is a risk factor for poor outcomes.16 After three or more attempts, an alternative
technique should be considered. As there is no guarantee the alternative technique will be successful, limiting the number
of attempts with the primary technique seems prudent.

‘In room to intubation’ time- Operating room time is a valuable and scarce resource. Aside from patient characteristics,
the choice of intubation technique is known to affect the time needed to ready a patient before a surgical procedure can
begin. 17

Ease of use- Di�cult intubations can be stressful for providers. Increased mental task load can reduce performance and
increased risk during intubations. 18 Airway techniques requiring advanced skills that are di�cult to master and maintain
may be avoided by practitioners even when their use is appropriate. 19

Groups and subgroups compared:

Combined techniques as a group (VL + FOB and VL + TCI™) was �rst compared to FOB awake and FOB asleep. A
subgroup analysis of combined techniques was then carried out. VL + FOB as a subgroup was compared to FOB awake



Page 5/17

and FOB asleep, and VL + TCI™ was compared to VL + FOB, FOB awake and FOB asleep. See Fig. 2 for comparative
analysis �ow.

Statistical Analysis
Patient demographics and outcomes were summarized descriptively and strati�ed by airway techniques. Continuous
variables were summarized as mean and standard deviation (SD), median and inter quartile range (IQR) and range.
Categorical variables were summarized as frequency and percent. For each variable, we compared: combined techniques
as a group (VL + FOB and VL + TCI™) to FOB asleep and FOB awake; VL + FOB to FOB asleep and FOB awake; VL + TCI™
to VL + FOB, FOB asleep and FOB awake using Wilcoxon rank sum test for continuous variables, and Chi-squared or
Fisher’s exact tests for categorical variables. Because we are making 10 pairwise comparisons for each variable, the
signi�cance of each comparison was assessed at p = 0.005 to keep the family-wise type 1 error within 0.05.

Time from “in room to intubation” was summarized descriptively across number of attempts, and the Jonckheere-
Terpstra test was used to assess for a trend across number of attempts. For this comparison, signi�cance was assessed
at p = 0.05. Density plots were created to graphically present the distribution of time from in room to intubation across
airway techniques as well as number of attempts.

All analyses were conducted in R v4.0.x [R Core Team (2020). R: A language and environment for statistical computing. R
Foundation for Statistical Computing, Vienna, Austria. URL https://www.R-project.org/], and all tests were two sided.

Results
The cohort included 934 intubation procedures and 849 patients. All �ltering criteria were applied to the data already.
Patient characteristics in the groups compared are presented in Tables 1a, 1b and 1c.

Variable Combined (N = 
168)

FOS asleep (N = 
367)

P-value FOS awake (N = 
314)

P-value

BMI ≥ 35 41 (27%) 46 (13.5%) < 
0.001*c

84 (27.8%) 0.85c

Small mouth opening 11 (6.5%) 20 (5.4%) 0.61c 24 (7.6%) 0.66c

Limited neck mobility 55 (32.7%) 144 (39.2%) 0.15c 183 (58.3%) < 
0.001*c

Large neck
circumference

10 (6%) 11 (3%) 0.10c 9 (2.9%) 0.10c

Cervical spine
precautions

8 (4.8%) 47 (12.8%) 0.004*c 24 (7.6%) 0.23c

History of di�culty
airway

39 (23.2%) 20 (5.4%) < 
0.001*c

40 (12.7%) 0.003*c

Mallampati Class - I 22 (13.7%) 51 (15.3%) 0.016c 22 (7.7%) < 
0.001*c

II 56 (34.8%) 152 (45.5%) - 52 (18.2%) -

III 58 (36%) 76 (22.8%) - 80 (28.1%) -

IV 25 (15.5%) 55 (16.5%) - 131 (46%) -

BMI ≥ 35 = 16/25/12/7, Mallampati Class = 7/33/29/0.
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c Chi-squared test, f Fisher's exact test.

*indicates statistical signi�cance.

 

Table 1
a. Patient characteristics strati�ed by airway technique; combined technique as reference group.

Variable VL + FOB (N = 
66)

FOS asleep (N = 
367)

P-value FOS awake (N = 
314)

P-value

BMI ≥ 35 18 (32.7%) 46 (13.5%) < 
0.001*c

84 (27.8%) 0.46c

Small mouth opening 6 (9.1%) 20 (5.4%) 0.26f 24 (7.6%) 0.69c

Limited neck mobility 24 (36.4%) 144 (39.2%) 0.66c 183 (58.3%) 0.001*c

Large neck circumference 2 (3%) 11 (3%) 1.00f 9 (2.9%) 1.00f

Cervical spine
precautions

6 (9.1%) 47 (12.8%) 0.40c 24 (7.6%) 0.69c

History of di�culty
airway

6 (9.1%) 20 (5.4%) 0.26f 40 (12.7%) 0.41c

Mallampati Class - I 3 (4.9%) 51 (15.3%) < 
0.001*c

22 (7.7%) 0.030f

II 16 (26.2%) 152 (45.5%) - 52 (18.2%) -

III 25 (41%) 76 (22.8%) - 80 (28.1%) -

IV 17 (27.9%) 55 (16.5%) - 131 (46%) -
c Chi-squared test, f Fisher's exact test.

*indicates statistical signi�cance.
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Table 1
b. Patient characteristics strati�ed by airway technique; VL + FOB as reference group.

Variable VL + TCI (N 
= 102)

VL + FOB
(N = 66)

P-value   FOS asleep
(N = 367)

P-value FOS awake
(N = 314)

P-value

BMI ≥ 35 23 (23.7%) 18 (32.7%) 0.23c   46 (13.5%) 0.014c 84 (27.8%) 0.43c

Small mouth
opening

5 (4.9%) 6 (9.1%) 0.34f   20 (5.4%) 0.83c 24 (7.6%) 0.34c

Limited neck
mobility

31 (30.4%) 24 (36.4%) 0.42c   144 (39.2%) 0.10c 183 (58.3%) < 
0.001*c

Large neck
circumference

8 (7.8%) 2 (3%) 0.32f   11 (3%) 0.043f 9 (2.9%) 0.041f

Cervical spine
precautions

2 (2%) 6 (9.1%) 0.06f   47 (12.8%) 0.002*c 24 (7.6%) 0.039c

History of
di�culty airway

33 (32.4%) 6 (9.1%) < 
0.001*c

  20 (5.4%) < 
0.001*c

40 (12.7%) < 
0.001*c

Mallampati Class
- I

19 (19%) 3 (4.9%) < 
0.001*c

  51 (15.3%) 0.042c 22 (7.7%) < 
0.001*c

II 40 (40%) 16 (26.2%) -   152 (45.5%) - 52 (18.2%) -

III 33 (33%) 25 (41%) -   76 (22.8%) - 80 (28.1%) -

IV 8 (8%) 17 (27.9%) -   55 (16.5%) - 131 (46%) -
c Chi-squared test, f Fisher's exact test.

* indicates statistical signi�cance.

 

Table 1c. Patient characteristics strati�ed by airway technique; VL + TCI™ as reference group.

Results of the comparison of combined techniques as a group (VL + FOB and VL + TCI) vs FOB awake and FOB asleep
are presented in Table 2a.
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Variable Combined (N = 
168)

FOS asleep (N = 
367)

P-value FOS awake (N 
= 314)

P-value

#Attempts − 1 149 (88.7%) 296 (80.7%) 0.06c 233 (74.2%) < .001*c

2 16 (9.5%) 54 (14.7%) - 52 (16.6%) -

≥ 3 3 (1.8%) 17 (4.6%) ^0.11c 29 (9.2%) ^0.002*c

Minutes from in room to intubated -
Mean (SD)

13.0 (7.3) 15.1 (7.5) - 21.2 (11.2) -

Median (IQR) 12.0 (9.0, 15.0) 13.0 (10.0, 18.0) 0.002*w 19.0 (14.0,
25.0)

< 
0.001*w

Range (0.0, 65.0) (4.0, 44.0) - (6.0, 96.0) -

Di�culty - Easy 121 (72%) 231 (62.9%) 0.12c 120 (38.2%) < 
0.001*c

Di�cult 11 (6.5%) 29 (7.9%) - 49 (15.6%) -

Not rated 36 (21.4%) 107 (29.2%) - 145 (46.2%) -

Traumatic - Atraumatic 153 (91.1%) 328 (89.4%) 0.91f 238 (75.8%) < 
0.001*f

Traumatic 1 (0.6%) 4 (1.1%) - 3 (1%) -

Unknown 14 (8.3%) 35 (9.5%) - 73 (23.2%) -

Missing values: Minutes from in room to intubated = 18/69/54/29.
c Chi-squared test, w Wilcoxon rank sum test, f Fisher's exact test.

*indicates statistical signi�cance.

^Comparing #Attempts > = 3 vs. <3.

 

Table 2a. Outcomes strati�ed by airway technique; combined technique as reference group.

Results of the combined techniques subgroup VL + FOB vs FOB awake and FOB asleep are presented in table 2b.
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Variable VL + FOB (N = 
66)

FOS asleep (N = 
367)

P-
value

FOS awake (N = 
314)

P-value

#Attempts − 1 57 (86.4%) 296 (80.7%) 0.65f 233 (74.2%) .09c

2 7 (10.6%) 54 (14.7%) - 52 (16.6%) -

≥ 3 2 (3%) 17 (4.6%) ^0.75f 29 (9.2%) ^0.09c

Minutes from in room to intubated -
Mean (SD)

14.3 (9.9) 15.1 (7.5) - 21.2 (11.2) -

Median (IQR) 13.0 (9.2,
17.0)

13.0 (10.0, 18.0) 0.40w 19.0 (14.0, 25.0) < 
0.001*w

Range (0.0, 65.0) (4.0, 44.0) - (6.0, 96.0) -

Di�culty - Di�cult 8 (12.1%) 29 (7.9%) 0.34c 49 (15.6%) 0.049c

Easy 36 (54.5%) 231 (62.9%) - 120 (38.2%) -

Not rated 22 (33.3%) 107 (29.2%) - 145 (46.2%) -

Traumatic - Atraumatic 55 (83.3%) 328 (89.4%) 0.30f 238 (75.8%) 0.26f

Traumatic 1 (1.5%) 4 (1.1%) - 3 (1%) -

Unknown 10 (15.2%) 35 (9.5%) - 73 (23.2%) -
c Chi-squared test, w Wilcoxon rank sum test, f Fisher's exact test.

*indicates statistical signi�cance.

^Comparing #Attempts > = 3 vs. <3.

 

Table 2b. Outcomes strati�ed by airway technique; VL + FOB as reference group.

Results of the combined techniques subgroup of VL + TCI vs VL + FOB, FOB awake, and FOB asleep are presented in
table 2c.
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Variable VL + TCI
(N = 102)

VL + FOB
(N = 66)

P-
value

FOS asleep
(N = 367)

P-value FOS
awake (N 
= 314)

P-value

#Attempts − 1 92
(90.2%)

57
(86.4%)

0.63f 296
(80.7%)

0.06f 233
(74.2%)

0.002*c

2 9 (8.8%) 7 (10.6%) - 54 (14.7%) - 52
(16.6%)

-

≥ 3 1 (1%) 2 (3%) ^0.56f 17 (4.6%) ^0.14f 29 (9.2%) ^0.005*c

Minutes from in room to
intubated - Mean (SD)

12.1 (5.0) 14.3 (9.9) - 15.1 (7.5) - 21.2
(11.2)

-

Median (IQR) 12.0 (9.0,
14.0)

13.0 (9.2,
17.0)

0.12w 13.0 (10.0,
18.0)

< 
0.001*w

19.0
(14.0,
25.0)

< 
0.001*w

Range (4.0, 34.0) (0.0, 65.0) - (4.0, 44.0) - (6.0,
96.0)

-

Di�culty - Di�cult 3 (2.9%) 36
(54.5%)

< 
0.001*f

29 (7.9%) < 
0.001*c

49
(15.6%)

< 
0.001*c

Easy 85
(83.3%)

8 (12.1%) - 231
(62.9%)

- 120
(38.2%)

-

Not rated 14
(13.7%)

22
(33.3%)

- 107
(29.2%)

- 145
(46.2%)

-

Traumatic - Atraumatic 98
(96.1%)

55
(83.3%)

0.009f 328
(89.4%)

0.10f 238
(75.8%)

< 
0.001*f

Traumatic 0 (0%) 1 (1.5%) - 4 (1.1%) - 3 (1%) -

Unknown 4 (3.9%) 10
(15.2%)

- 35 (9.5%) - 73
(23.2%)

-

c Chi-squared test, w Wilcoxon rank sum test, f Fisher's exact test.

* indicates statistical signi�cance.

^Comparing #Attempts > = 3 vs. <3.

Table 2c. Outcomes strati�ed by airway technique; VL + TCI as reference group.

Results of ‘in room to intubation time’ for different techniques are presented as destiny curves. See Figs. 3a, 3b, 3c, and
3d.

Discussion
Our study reveals important new information about the effectiveness of combined techniques (VL + FOB and VL + TCI™)
compared to other advanced intubation techniques (awake FOB, and asleep FOB) when managing di�cult intubations in
a real-world setting.

We found signi�cant differences in �rst pass success, failure of primary technique, speed, ease of use, and patient injury
between the advanced airway techniques studied.

First attempt intubation success



Page 11/17

Combined techniques (VL + FOB and VL + TCI™) achieved the highest �rst intubation success rate of (88.7%) This was
signi�cantly higher than FOB awake (74.2%, P < 0.001). and higher than FOB asleep (80.7%, P = 0.06) In subgroup
analysis of combined techniques, VL + TCI™ had the highest rate of �rst attempt intubation success of all techniques
studied (90.2%). This was signi�cantly higher than FOB awake (74.2%, P = 0.002) and higher than both VL + FOB (86.4%,
P = 0.63) and FOB asleep (80.7%, P = 0.06).

The rate of �rst attempt intubation success rate found for VL + FOB in this study is consistent with those found by
Mazzinarri et. al. 10 and Lenhardt et.al. 13 This �rst attempt intubation success rate found for VL + TCI™ is consistent with
that found by Shah et.al 11 in their case series of rescue intubations.

First attempt intubation success is important as multiple attempts are known to increase both major complications and
mortality. A recent large muti-centered study demonstrated a signi�cant increase in ICU mortality after just one attempt
failure in the critically ill.20

In subgroup analysis of combined techniques, use of a TCI™ as a dynamic stylet had a higher rate of �rst pass success
than when a FOB was used as a dynamic stylet. This is interesting as both TCI™ and FOB possess �exible shafts and
articulating tips which are important for dynamic tracheal access. 10 One important difference is that a FOB requires both
the right and left hand for operation, while the TCI™ requires only the right hand. Use of a FOB as a dynamic stylet
necessitates a second operator handles the VL during the procedure. The TCI™ can be operated entirely with the right
hand allowing a single operator to manage the intubation with VL with the left hand and TCI™ in the right. This enables a
single operator to manage the entire intubation by themself. The need to coordinate two operators for VL + FOB adds
complexity and may reduce performance and effectiveness of VL + FOB in comparison to VL + TCI™. Further studies are
needed to understand the role single vs double operator execution plays in �rst attempt success.

Failure to intubate with the primary technique

Combined techniques as a group had the lowest rate of “failure to intubate with the primary technique” at (1.8%)
followed by FOB asleep (4.6% P = 0.11) and FOB awake (9.2% P = 0.002). In subgroup analysis, the failure rate for VL + 
TCI™ was the lowest (1%) of all techniques studied. The failure rate for VL + FOB was 3%. These failure rates are
consistent with those found by Mazzinari et. al. 10 for VL + FOB and Shah et. al. 11 for VL + TCI™.

The failure rates of FOB asleep and FOB awake are notably higher than those found in the literature. This study was
performed at a teaching institution which may account for a higher rate of failure despite removing advanced
intubations performed for educational purposes. Our criteria for failure was: “three or more attempts using the same
device” as this is a known point of risk in�ection. It may be more stringent than other studies 1 It is important to note that
most studies of FOB do not de�ne failure by number of attempts but simply by abandonment of the procedure. El-
Boghdadly et. al. did report that 4.2% of patients required greater than 1 attempt. The duration of a single attempt is not
reported.21 As FOB awake does not require the interruption of breathing, an single attempt may not be limited by
desaturation but only by the ability of the operator and/or the patient to tolerate the attempt.

The overall performance and ‘in room to intubated time’ of combined techniques compared to awake FOB or asleep FOB
is of particular interest as FOB has long been considered the “gold standard” for managing di�cult intubations with
reported success rates of up to 99%. 17 22 While risk with multiple attempts is well established, risk related to aggregate
time attempting to intubate with FOB awake has not been studied. One can only wonder if the 99% success rate of FOB
reported in the literature comes at the cost of multiple and/or lengthy attempts. Persistence with a single technique is a
known risk factor for airway disasters. 16
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“In room to intubated” time: Combined technique as a group (either VL + TCI™ or VL + FOB) was found to have a
signi�cantly shorter “in room to intubated” time (13.0 min) than either awake FOB or FOB asleep (15.1 mins and 21.2
min, P = 0.002.) In subgroup analysis VL + TCI™ was found to have a signi�cantly shorter in room to intubated time” (12.1
min) than FOB asleep (15.1 min, P < 0.001) and FOB awake (21.2 min, P < 0.001). VL + TCI™ was found to have a shorter
“in room to intubated” time (12.1 mins) than VL + FOB (14.3 mins, P = 0.12) This is important as operating room time is
an expensive and limited resource. Joseph et.al. studied ‘in room to intubated’ time differences in different awake and
asleep intubation techniques and found signi�cant increases in time associated with awake vs asleep: FOB 22 To the
best of our knowledge, ‘in room to intubated times’ for VL + FOB, and VL + TCI™ have not been studied. The causes of
these increased times cannot be determined by our study. Possibilities include: (1) increased time due to intrinsic
complexity of equipment needed to set up and execute each technique, (2) management and coordination of extra
personnel in room for those techniques requiring 2 sets of educated hands, (3) aggregate time spent in active intubation
attempts.

Further study of what factors account for the increased ‘in room to intubated’ time is important. Minutes spent setting up
equipment or preparing the patient is expensive in terms of OR time but should not increase risk to the patient. Minutes
spent in prolonged single attempts or multiple intubation attempts may cause harm. Complex and cumbersome
intubation equipment increases the mental task load of providers as is evidenced by the increase in training numbers
and continued practice to maintain complex FOB intubation skills. Increased mental task load is known to decrease
performance and increase time need to complete a task, and may result in an increased risk of harm in the context of
intubation. 18 23 FOBs are complex and known to require specialized training and skills to set up and operate.24 22 This
complexity may require a second set of educated hands in order to set up and execute the procedure. The aggregate time
spent in intubation attempts is unknown for any of the techniques studied however the ‘in room to intubation time’ was
found to be signi�cantly correlated to the number of intubation attempts made with the primary technique. (See table 3.)

Variable 1: N = 749 2: N = 132 ≥ 3: N = 51 P-value

Minutes from in room to intubated - Mean (SD) 15 (11) 21 (12) 30 (16) < 0.001*j

Median (IQR) 14 (10, 18) 19 (13, 24) 27 (20, 39) -

Range (1, 211) (0, 84) (8, 96) -
j Jonckheere-Terpstra test.

*indicates statistical signi�cance.

Table 3. Minutes from in room to intubated by number of attempts.

Multiple attempts take time, it seems reasonable to assume that this accounts for a portion of the ‘in room to intubated’
time differences observed in our study.

Operator reported ease of intubation. Combined techniques were rated as ‘easy’ signi�cantly more often (72%) than FOB
awake (38.2%, P < 0.001) and more often than FOB asleep (62.9%, P = 0.12). In subgroup analysis, VL + TCI™ was rated
as ‘easy’ signi�cantly more often (83.3%, P < 0.001) than all other techniques studied. This is important as “di�cult”
implies an increased mental task load during the procedure which can lead to decreased operator performance and may
lead to an increased risk of harm.

Operator reported trauma. Combined techniques as a group were reported as “atraumatic” more often (91.1%) than either
FOB asleep (89.4%, P = 0.91) or FOB awake (75.8%, P < 0.001). VL + TCI™ was rated as “atraumatic “at a higher rate
(96.1%,) than any other technique studied; VL + FOB (83.3%, P < 0.009), FOB asleep (89.4%, P = 0.10), and FOB awake
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(75.8%, P < 0.001). These differences are interesting in that all techniques essentially use a dynamically controllable
stylet for tracheal access. Multiple intubation attempts are known to increase the risk of patient harm.

We speculate that the higher �rst pass rates and lower failure rates found within the two combined techniques may be
the result of effectively separating the role of visualization and the role of tracheal access into two separate devices: VL
for visualization and a dynamic stylet for precision tracheal access. If we focus of the descriptions of the role of FOB in
combined technique in the literature, over time one can see less interest in the FOB’s visualization capabilities and more
interest in its’ navigational capabilities. The �rst reported combined technique series published by Sgalambro et.al. 3

described using DL in combination with a FOB. The role of DL was simply as a blade to clear the airway for the passage
of a FOB which provided both visualization and precision tracheal access combined in one device. The DL had little or no
role in visualization. Lenhardt et.al.’s 13 study combined VL and FOB using VL for visualization and FOB for both
navigation and visualization. In Mazzinari et.al. 10 study, the role of the FOB had atrophied to simply to that of a dynamic
stylet without the use of its optical capability. Shah et.al. 11 published a series in which VL was combined with the TCI™,
a purpose-built articulating introducer with no intrinsic visual capabilities. With the introduction of the VL for
visualization and diminishing importance of a dynamic stylet's optical capabilities, reported �rst-pass success in
anticipated di�cult intubations has trended upward. Lenhardt et.al. 13 reported an 87% �rst attempt success rate (VL and
FOB visualization), Mazzinari et.al. 10 91% (VL only visualization, FOB simply a dynamic stylet), and Shah et.al. 10 94%
(VL only visualization, TCI™ purpose built dynamic stylet). This is an observation only. These studies were not designed
for comparability. Studies designed to test this hypostasis properly would be of interest.

In our study, combined techniques as a group outperformed both FOB awake and FOB asleep in all endpoints measured.
In subgroup analysis VL + TCI™ outperformed all other techniques studied. The main limitations to widespread
dissemination of combined technique are; cost, immediate availability and the need for two operators for execution.24 10

All of these drawbacks are associated with the FOB which is being cross-purposed as a dynamic stylet. In many cases,
the FOB optical capabilities are not utilized, and that very feature may negatively affect the effectiveness of the
combined technique in terms of ease of use, and cost. Further study is needed to understand this point

The TCITMis a novel and innovative articulating introducer without intrinsic optical capabilities. The capability and
effectiveness of the TCI™ in combination with VL found in this study supports the need for further investigation to gain a
greater understanding of the capabilities and effectiveness of different combined techniques, such as VL + FOB and VL + 
TCI™, in a wider variety of settings.

Limitations

This study has several important limitations mainly related to the single-center, retrospective design. First, this study is
not controlled for technique selection bias, provider experience with a technique, availability of equipment, patient
speci�c physiology, or patient anatomical features that might in�uence technique choice and outcomes. Second, this is a
single-center study and caution must be exercised in generalizing these results widely. Third, Table 1 demonstrates
signi�cant differences in di�cult intubation risk factors between groups. These differences might in�uence the
performance or different techniques in our study. Fourth, this study includes only operating room intubations performed
by anesthesia providers. Performance in other environments may vary.

Despite these limitations we believe this data provides important new insights into the performance of different
advanced intubation techniques in the natural work�ow of a large teaching hospital’s surgical system.

Further studies, in diverse settings are needed to understand if the superior performance of combined techniques found
in this study are generalizable to other systems and settings.
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Conclusion
Combined techniques as a group (VL + FOB and VL + TCITM) outperformed both FOB awake and FOB asleep in terms of
effectiveness, “in room to intubated” time, ease of use, and patient injury in patients with risk factors for di�cult
intubation. As a sub-group of combined technique, VL + TCI outperformed all other techniques in terms of effectiveness,
ease of use, and patient injury. Combined techniques may be useful as a primary approach when managing di�cult
intubations.
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Figure 1

Data sorting �ow and advanced intubation taxonomy.

Figure 2

omparative analysis �ow
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Figure 3

a. ‘In room to intubated time’ density curve for combined techniques as a group, FOB awake, and FOB asleep. b. ‘In room
to intubated time’ density curve for VL + TCITM, FOB awake, and FOB asleep. c. ‘In room to intubated time’ density curve
for FOB awake and FOB asleep. d. ‘In room to intubated time’ density curve for VL + FOB and VL + TCITM.


