OBSERVATIONAL STUDY

Effect of Laryngoscope Blade Size on First
Pass Success of Tracheal Intubation in

Critically lll Adults

OBIJECTIVES: Tracheal intubation (Tl) is a common procedure in critical care,
often performed with a Macintosh curved blade used for direct laryngoscopy (DL).
Minimal evidence informs the choice between Macintosh blade sizes during TI.
We hypothesized that Macintosh 4 blade would have higher first-attempt success
than Macintosh 3 blade during DL.

DESIGN: Retrospective analysis using a propensity score and inverse probability
weighting of data from six prior multicenter randomized trials.

SETTING AND PARTICIPANTS: Adult patients who underwent nonelective Tl
at participating emergency departments and ICUs. We compared the first-pass
success of Tl with DL in subjects intubated with a size 4 Macintosh blade on the
first Tl attempt to subjects with a size 3 Macintosh blade on the first Tl attempt.

MAIN RESULTS: Among 979 subjects, 592 (60.5%) had Tl using DL with a
Macintosh blade, of whom 362 (37%) were intubated with a size 4 blade and
222 (22.7%) with a size 3 blade. We used inverse probability weighting with
a propensity score for analyzing data. We found that patients intubated with a
size 4 blade had a worse (higher) Cormack-Lehane grade of glottic view than
patients intubated with a size 3 blade (adjusted odds ratio [aOR], 1.458; 95% Cl,
1.064-2.003; p = 0.02). Patients intubated with a size 4 blade had a lower first
pass success than those with a size 3 blade (71.1% vs 81.2%; aOR, 0.566; 95%
Cl, 0.372-0.850; p = 0.01).

CONCLUSIONS AND RELEVANCE: In critically ill adults undergoing Tl using
DL with a Macintosh blade, patients intubated using a size 4 blade on first attempt
had a worse glottic view and a lower first pass success than patients intubated
with a size 3 Macintosh blade. Further prospective studies are needed to examine
the optimal approach to selecting laryngoscope blade size during Tl of critically
ill adults.

KEY WORDS: airway management; critical care; laryngoscope size; laryngoscopy;
mechanical ventilation; tracheal intubation

racheal intubation (TI) is a lifesaving procedure performed routinely

in emergency departments (EDs) and ICUs. TI is associated with a sig-

nificant risk of complications such as hypoxemia and cardiovascular
collapse (1-3). Intubation using a direct laryngoscope (DL) with a Macintosh
curved blade remains one of the most common techniques for intubation (3,
4). When it was introduced in 1943, only the current size 3 Macintosh blade
existed. Since then, multiple blade sizes have become available, ranging from
0 to 4 (5). The operator typically chooses the blade size based on individual
preferences, experience, perceived patient characteristics, and availability. The
size of the DL blade has often been left to clinician discretion in clinical trials.
Historically, a size 3 blade was considered the standard size for intubation. More
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@\ KEY POINTS

Question: Does a Macintosh size 4 laryngo-
scope have higher first-attempt success than a
Macintosh size 3 during tracheal intubation (TI)
with direct laryngoscopy (DL)?

Findings: In a post hoc analysis of six clinical tri-
als, using inverse probability weighting, patients
intubated with a size 4 blade had a worse (higher)
glottic view and a lower first pass success for Tl
with DL than those who had Tl with a size 3 blade.
The duration of intubation was similar between the
2 blade sizes.

Meaning: Macintosh size 3 blade performed bet-
ter than size 4 during Tl with DL. Further research
is needed to determine the optimal approach to
selecting laryngoscope blade size during Tl of crit-
ically ill adults.

. J

recently, however, some experts have suggested using a
size 4 blade in all patients due to the longer length with
a similar vertical footprint as a size 3. In addition, the
added length of the size 4 blade has been hypothesized
to better engage a deep vallecula or, if needed, directly
lift the epiglottis to facilitate intubation (4). Available
studies are limited to specific patient populations (6),
simulation environments (7) or small sample sizes
(8). In a secondary analysis of six previously reported
clinical trials, we aimed to compare size 4 versus size
3 blades with regard to clinical outcomes, including
the grade of glottic view, successful intubation on the
first attempt, and duration of intubation among criti-
cally ill adults undergoing nonelective TI using a DL
technique (9). We hypothesized that a Macintosh size
4 would have greater clinical success when compared
with a Macintosh size 3 during TI using DL.

MATERIALS AND METHODS

Design

We performed a post hoc analysis of prospectively
collected data from six previously published ran-
domized trials of airway management conducted by
the Pragmatic Critical Care Research Group in the
United States (1, 10-14). The trials enrolled 979 patients
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undergoing nonelective TI in the ED or ICU between
February 2014 and May 2018. We analyzed deidentified
data in the trial datasets from patients who were intu-
bated using DL with a Macintosh blade size 4 or 3 on
the first attempt; we excluded patients intubated with
smaller blade sizes or those for whom data on blade
size was missing or a video laryngoscope used on first
attempt. Individual trials were approved by the institu-
tional review board (IRB) of each respective site with
documented waiver of informed consent by respective
site IRB (1, 10-14). Studies were carried out per the eth-
ical standards of the responsible committee on human
experimentation and with the Helsinki Declaration
of 1975. Details are documented in individual manu-
scripts. This study was deemed a secondary analysis
of a deidentified data set of prior studies and no IRB
review was deemed necessary by the IRBs (and thus
no number was assigned) as it did not fall under the
board’s guidelines as human subjects research.

Dataset and Patient Population

The included trials had similar exclusion criteria, data
collection procedures, variables, and outcome defini-
tions. Patients were excluded if they were pregnant, or
incarcerated, there was an immediate need to intubate
preventing randomization, or the treating provider
felt that the trial intervention was either required or
contraindicated. The trials examined fluid bolus ad-
ministration, bag-mask ventilation after induction,
apneic oxygenation, use of a checklist for emergent in-
tubation, video laryngoscopy compared with DL, and
ramped positioning during TT of critically ill adults,
respectively (1, 10-14). In each trial, a trained, inde-
pendent observer collected data on the outcomes of the
procedure, including the time between induction and
intubation, peripheral oxygen saturation at induction,
the number of intubation attempts, and the lowest ox-
ygen saturation between induction and 2 minutes after
TI. Immediately after each intubation, the operator
reported the laryngoscope use, the initial Cormack-
Lehane grade of glottic view (15), whether the intuba-
tion was successful on the first attempt, rescue devices
used, the presence of difficult airway characteristics,
and the occurrence of complications. Research per-
sonnel collected data on baseline characteristics, the
initial laryngoscope blade size, management before
and after laryngoscopy, and clinical outcomes from the
electronic health record.
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Outcomes

Outcomes for this secondary analysis included
Cormack-Lehane grade glottic view, successful intu-
bation on the first attempt, lowest peripheral oxygen
saturation between induction and 2 minutes after TI,
severe hypoxemia (defined as peripheral saturation <
80%), and duration of intubation (defined as the time
from administration of induction medications to suc-
cessful placement of the endotracheal tube in the tra-
chea) (15). Exploratory outcomes included additional
equipment required, peri-procedural complications,
ventilator-free days, ICU length of stay, and death
within 1 hour of the procedure. Additional equipment
required was defined as the use of any adjunct, video
laryngoscopy, or DL as identified by the proceduralist.
Procedural complications included esophageal intuba-
tion, aspiration, airway trauma, or cardiac arrest, as re-
ported by the proceduralist.

Statistical Analysis

We compared patients intubated with a size 4 Macintosh
blade to patients intubated with a size 3 Macintosh
blade. Baseline characteristics of the patients and pro-
cedure details were compared between groups using
Mann-Whitney rank-sum tests, two-sample propor-
tion tests, or permutation simulation tests as appro-
priate. To account for potential indication bias when
comparing outcomes between patients intubated with
a size 4 versus size 3 blade, we performed inverse prob-
ability weighting (IPW) using propensity score anal-
ysis (16). We fitted a logistic regression model for the
treatment outcome of being intubated using a size 4
blade with the independent variables of patients’ age,
sex, race, height, body mass index, Acute Physiology
and Chronic Health Evaluation (APACHE II) score
(17), indications for intubation (compromised airway,
hypoxia, hypercapnia), limited neck mobility, pre-
oxygenation method, operator experience with in-
tubation, and trial site at which the intubation was
performed. From this treatment model, we estimated
a patient’s propensity to be treated with a size 4 blade.
In place of propensity score matching to address po-
tential covariate imbalances, which can often increase
imbalance, model dependence, and bias, the propen-
sity scores were used to generate IPWs (18). The IPW's
were then assigned to the full analytical population to
promote covariate balance between the two treatments
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and to measure the average treatment effect of the size
4 blade. We assessed covariate balance pre- and post-
IPW using standardized differences in means and ratio
of variance for every covariate.

We used a Cox proportional hazards model to regress
the procedure duration to successful intubation based on
the blade size, weighting responses with IPW (19). Binary
secondary outcomes were modeled using logistic regres-
sion. A cumulative logistic model was used to compare
the Cormack-Lehane grade of view. ICU-free days, ven-
tilator-free days, and the lowest blood oxygen saturation
were all scaled to the range (0-1) and modeled using zero-
one inflated beta regression (20). Poisson and negative bi-
nomial generalized linear models were used to compare
the average number of attempts and ICU length of stay
for each blade size. Sensitivity analyses were conducted
using several configurations of the model, including: 1)
using the propensity score weights as a covariate instead
of as sample weights, 2) inclusion of study site as a covari-
ate, 3) inclusion of trial group as a covariate, 4) using an
indicator for the study site with above average use of the
larger blade size, and 5) ignoring propensity score weight-
ing. Data were analyzed using the “survival” package in R
(Version 4.1.2, Vienna, Austria), and the IPWs were gen-
erated using the “weightit” command from the WeightlIt
package (19, 21, 22). A two-sided a-level of 0.05 was used
to establish significance, and to ensure valid inference, we
implemented a bootstrap resampling procedure to con-
struct standard errors from 1999 replications. To address
missing values in our dataset, we used k-Nearest neigh-
bors imputation to reduce bias relative to listwise deletion
or mean substitution. Incomplete variables were imputed
using a weighted average of the nearest 10 data points, the
default settings in the DMwR?2 package (23). Exploratory
data analysis was leveraged to determine possible corre-
lations of height, weight, body mass index, gender, and
blade size on the procedure duration. Nonparametric lo-
cally weighted scatterplot smoothing (LOWESS) curves
were fitted to the data to ascertain any potential cutoff
points in the covariates to determine the optimal blade
size for the operation. No such boundaries were found.
The reporting of this study followed the Strengthening
the Reporting of Observational Studies in Epidemiology
statement (24).

RESULTS

Of 979 patients in the combined dataset, 592 patients
(60.5%) were intubated using a DL with a Macintosh

www.ccejournal.org 3



Landefeld et al

blade. Of these, 8 (0.8%) were excluded due to miss-
ing blade size or blade size less than size 3. Therefore,
we analyzed data on 584 patients (59.7%), with 222
(22.7%) intubated with a size 3 blade and 362 (37%)
intubated with a size 4 blade (Fig. 1). The proportion
of intubations performed using a size 4 blade showed
considerable variation among study sites, ranging from
12.5% to 76.1% of intubations.

The unadjusted and adjusted baseline charac-
teristics of the two groups are recorded in Table 1.
The median patient age was 59 years, with a me-
dian APACHE II score of 21. Hypoxic respiratory
failure was the most common reason for intubation
(44.5%), and 46.2% of patients had at least one diffi-
cult airway characteristic. Prior to adjustment, there
was a significant difference in height, weight, and sex

between the two blade sizes. After IPW with a pro-
pensity score, the baseline characteristics between
those intubated using a size 4 Macintosh blade to a
size 3 were similar (Table 1). In an analysis using IPW
with a propensity score, the Cormack-Lehane grade
of glottic view was significantly higher (worse) with
a size 4 blade compared with a size 3 blade (adjusted
odds ratio [aOR],1.458; 95% CI, 1.064-2.003) (Table
2 and Fig. 2). First-pass success for endotracheal in-
tubation was significantly lower for patients with TI
using a size 4 blade than a size 3 blade (aOR, 0.566;
95% CI, 0.372-0.850; Fig. 3). The number of attempts
for a size 4 blade was approximately 13% more than
the number of attempts for a size 3 blade (adjusted
incidence rate ratio [aIRR], 1.13, 95% CI, 1.04-1.23).
The lowest oxygen saturation between induction and

6 Trials
8I1CUsand 1ED

979 patients assessed for eligibility

h

y

395 patients were excluded

334 video laryngoscopy used

53 straight laryngoscope blade used
8 missing laryngoscope blade size

584 patients for preliminary analysis

Y

Laryngoscope size 3
222

Laryngoscope size 4
362

Figure 1. Flow chart of patient selection. ED = emergency department.
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TABLE 2.

Adjusted Outcomes Comparing Macintosh Curved Blades 3 and 4

Adjusted Outcomes

Macintosh Size 3 Blade Macintosh Size 4 Blade P

Adjusted OR (CI)

Duration of intubation (s)2

Median lowest o, saturation (%)

Severe hypoxemia?
First-pass success?®
Cormack-Lehane grade view

I

I

I

125.0 (90-200.3)
93.5 (84.1-99.0)

33.1 (15.2%)
177.0 (81.2%)

105.6 (48.4%)

65.4 (30.0%)
35.4 (16.2%)

v 11.6 (5.3%)
Additional equipment: 35.9 (16.4%)
Direct laryngoscopy 8.0 (3.6%)
Video laryngoscopy 27.9 (12.8%)

Reposition® 4.8 (7.9%)

Complications
Aspiration 7 (4.0%)
Esophageal intubation 8 (2.7%)
Airway trauma 9 (0.0%)
Cardiac arrest 8 (1.3%)

Outcomes

1-hr mortality 5.2 (2.3%)
Ventilator-free days, median 15.0 (0.0-25.0)
ICU length of stay, median® 6.0 (3.0-9.0)

142.0 (88-218.8) 0.249  0.883(0.718-1.086)
93.5 (81.6-97.8) 0.97 1 (0.778-1.27)
42.8 (12.2%) 0.501 0.772 (0.362-1.643)

249.0 (71.1%) 0.007  0.566 (0.372-0.850)

0.019  1.458(1.064-2.003)
135.7 (38.8%)
116.4 (33.2%)
72.0 (20.6%)
26.0 (7.4%)

57.8 (16.4%) 0.988  1.0083 (0.638-1.594)
9 (2.2%) 0.334 0.611 (0.221-1.691)
49.8 (14.2%) 0.629 1.131 (0.692-1.880)
2 (4.6%) 0.323  0.522 (0.140-1.987)
10.0 (2.8%) 0.47 0.71 (0.280-1.839)
8 (2.8%) 0.917 1.057 (0.382-3.204)
9 (0.0%) 0.739  0.597 (0.015-21.87)
4 (1.5%) 0.803  1.203 (0.295-6.195)

2.2 (0.6%) 0.091 0.252 (0.039-1.13)
17.0 (0.0-25.0) 0.504  0.767 (0.530-1.064)
6.0 (3.0-10.0) 0.307 1.072 (0.936-1.228)

OR = odds ratio.
3mputation method used for missing values.

Outcomes adjusted for age, sex, race, height, body mass index, Acute Physiology and Chronic Health Evaluation Il score, indications for
intubation (compromised airway, hypoxia, hypercapnia), limited neck mobility, preoxygenation method, operator experience with intubation,

and trial site.
Interquartile range or percentage of total.

2 minutes after intubation was similar between a size
4 blade and a size 3 blade (aOR, 1.00; 95% CI, 0.778-
1.27). The percentage of subjects with of severe hy-
poxemia did not differ significantly between a size 4
blade and a size 3 blade (aOR, 0.772; 95% CI, 0.362-
1.643). Duration of intubation also did not signifi-
cantly differ between patients intubated using a size
4 blade compared with a size 3 blade 142.0 seconds
versus 125.0 seconds (adjusted hazard ratio, 0.883;
95% CI, 0.718-1.086) (Supplemental Table 1 and
Supplemental Figs. 1 and 2, http://links.lww.com/
CCX/B137). The use of additional equipment during
subsequent intubation attempts, such as DL, video
laryngoscope, or repositioning, was similar between

6 www.ccejournal.org

the two groups (Supplemental Table 2, http://links.
lww.com/CCX/B137).

DISCUSSION

We used a propensity score analysis of data from six
randomized trials of nonelective TI in critical care set-
tings to test the hypothesis that Macintosh 4 blades
would have higher first-pass success than Macintosh 3
blades for DL. We found that contrary to our assump-
tion, a size 3 blade was associated with a better (lower)
grade of glottic view and higher first-pass success with
fewer intubation attempts. The total duration of intuba-
tion, lowest oxygen saturation, and presence of severe

March 2023 ¢ Volume 5 * Number 3
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55%

60 1
37.6%
40 1
201
! T

35.9%

26.1%
18.5%
16.8%

Bl Macintosh blade size No 3 (N = 222)
[ Macintosh blade size No 4 (N = 362)

8%

1 2

Cormack-Lehane score

3 4

Figure 2. Percentage of Cormack-Lehane grade view obtained by Macintosh (Mac) blade on the initial attempt. Mac 4 was associated
with a worse view compared with Mac 3. Adjusted odds ratio 1.45 (1.06-2.00) size.

hypoxemia were similar between the two Macintosh
sizes. Otherwise, there was no difference in explora-
tory outcomes including 1-hour mortality, ventilator-
free days, or length of stay.

Our data are consistent with other studies that have
evaluated laryngoscope blade size (6-8, 25). In a ran-
domized trial of simulated intubations by physician
trainees in South Korea, Kim et al (7) reported a higher
incidence of successful intubation on the first attempt
with a size 3 blade compared with a size 4 blade.
Similarly, in a cross-over study of a select population
of edentulous patients undergoing TI for elective sur-
gery, Kim et al (8) reported an improved visualization
of glottic opening with the smaller blade size. Tripathi
and Pandey (6), in a study from India, suggested fewer
intubation failures with smaller size blades in patients
with shorter thyromental distances. Most recently,
Godet et al (25) published in 2022 a multicenter obser-
vational study in French ICUs demonstrating higher

Critical Care Explorations

first-pass success with Macintosh size 3 compared with
size 4. Our results are in line with these prior studies
and provide evidence against an approach of routinely
using a size 4 blade during TI of critically ill adults.

Our observation of better procedural outcomes
among patients intubated with a smaller blade size has
several potential explanations. First, the longer length
of a size 4 blade may make it more challenging to con-
trol its tip, leading to worse views than a size 3 blade.
The increase in width by a few millimeters may con-
tribute to poor visualization. In addition, as previously
suggested by Kim et al (7), proceduralists may insert
the size 4 laryngoscope too deeply, leading to poor vis-
ualization and esophageal intubations. However, while
we did have worse views in our study with a size 4
blade, the number of esophageal intubations was sim-
ilar between the two groups.

Our study has several limitations. First, our study
is a retrospective analysis of prospectively collected

www.ccejournal.org 7
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82.8%

751

501

21.3%

251

Bl Macintosh blade size No 3 (N = 222)
[ Macintosh blade size No 4 (N = 362)

4.2%
0.8% 0.3% 0.3%
0- _—— — —
1 2‘ 3 4 5I 6
Attempts

Figure 3. Number of attempts by Macintosh (Mac) blade size. Mac 4 associated with lower first pass success and higher number of

attempts in comparison to size 3 Mac blade.

data, which may lead to potential unidentified con-
founders. We have attempted to limit the effect of
confounding by indication using propensity scoring.
Propensity scoring allowed us to create a weighted
sample of patients intubated with different-sized
blades but similar in their baseline characteristics,
minimizing the selection bias. For example, indi-
viduals intubated with size 4 Macintosh were heavier,
taller, and more likely to be male before adjusting
with propensity scoring. However, as with any obser-
vational analysis, the potential for residual confound-
ing from unmeasured factors remains. Second, this
analysis is limited to TI with a DL and does not in-
form the question of blade size or angulation during
video laryngoscopy. Further research is needed to ex-
amine whether these findings on blade size translate
to video laryngoscopy with a Macintosh blade. Third,
our data set did not capture additional techniques
such as glottic manipulation or patient positioning

8 www.ccejournal.org

(except for a limited set of patients enrolled in the
trial that investigated positioning) that may improve
success rates. Finally, while we captured some diffi-
cult airway characteristics, we did not have an or-
ganized approach to characterizing difficult airway
characteristics such as the MACHOCHA score (26).

Despite these limitations, our analysis represents a
significant cohort of critically ill adults undergoing TI
in the United States and allows us to understand the
role of blade size in emergent TI. Our study extends
the observations of the prior literature regarding the
potential for better outcomes with a size 3 Macintosh
blade. In addition, the variation of blade size usage
amongst different study sites highlights the variation
in practice due to the lack of evidence.

In conclusion, among critically ill adults undergo-
ing TI, the duration of intubation was similar while
using a size 3 Macintosh blade rather than a size 4
Macintosh blade. However, a size 3 Macintosh blade

March 2023 ¢ Volume 5 * Number 3
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was associated with a higher incidence of successful
intubation on the first attempt and better glottic vis-
ualization, with similar rates of complications. Our
data suggest that laryngoscope blade size selection is
an easily implementable intervention in emergent TI
with the potential to impact clinical outcomes. Future
prospective research should compare approaches to
selecting blade size during TI of critically ill adults to
definitively determine the effect of blade size on out-
comes. This should include operator surveys exam-
ining preferences and difficult airway characteristics
contributing to blade selection using validated scales
such as the MACHOCHA score.
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