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ABSTRACT

INTRODUCTION: Despite the introduction of supraglottic devices for ventilation, endotracheal intubation
is still a gold standard for airway management in both prehospital and operating theatre conditions. This
systematic review and meta-analysis were conducted to investigate the effectiveness and safety of Airtraq
vs. Macintosh laryngoscope for endotracheal intubation during general anesthesia.

MATERIAL AND METHODS: The current issue of Pubmed, Embase, Cochrane, Web of science, Scopus (from
database inception to October 20, 2020) was searched. Randomized controlled trials (RCT) comparing
Airtraq and Macintosh laryngoscope were included in this meta-analysis. The primary outcomes were the
success rate of first attempt intubation and intubation time. Secondary outcomes were overall intubation
success rate, malposition, and adverse events. Review Manager 5.4 software was used to perform the pooled
analysis and assess the risk of bias for each eligible RCT.

RESULTS: Seventeen studies were included in the review for data extraction. First attempt success rate was
85.6% for ATQ vs. 68.4% for MAC (OR = 3.00; 95% Cl: 1.37, 6.60; p = 0.006; I* = 63%). The use of ATQ
and MAC for intubation in cervical spine immobilization was associated with the effectiveness of the first
intubation attempt at 98.6% vs. 71.1% (OR = 16.40; 95% Cl: 3.55, 78.87; p < 0.001; I> = 0%). Intubation
time with ATQ was shorter than with MAC (MD = -3.19; 95% Cl: -9.33, 2.95; p = 0.31; 1> = 97%). The
endotracheal intubation during cervical spinal intubation was associated with significantly shorter proce-
dure duration for ATQ than for MAC (MD = -10.30; 95% ClI: -18.43, -2.18; p = 0.01; I> = 74%). The total
efficacy of intubation, which for ATQ and MAC varied and was 86.7% vs. 80.6% respectively (OR = 2.88;
95% ClI: 1.61, 5.13; p < 0.001; I* = 0%).

CONCLUSIONS: Based on the results of this analysis, we conclude that ATQ can reduce the failed first intu-
bation attempt, especially in cervical manual inline stabilization patients, and reduces the time needed to
obtain airway management, but does not provide significant benefits on other adverse events associated

ADDRESS FOR CORRESPONDENCE:
Lukasz Szarpak, Maria Sklodowska-Curie Medical Academy in Warsaw, 12 Solidarnosci Av., 03—411 Warsaw, Poland
e-mail: lukasz.szarpak@gmail.com; phone: +4850018622

(V] Copyright © 2021 Via Medica, ISSN 2451-4691, e-ISSN 2543-5957 1


https://orcid.org/0000-0003-0564-8829
https://orcid.org/0000-0002-1427-4796
https://orcid.org/0000-0002-2140-9732
https://orcid.org/0000-0002-3238-194X
https://orcid.org/0000-0002-7338-2447
https://orcid.org/0000-0002-0973-5455
https://orcid.org/0000-0003-0467-1736

DISASTER AND EMERGENCY MEDICINE JOURNAL 2021, Vol. 6, No. 1

with tracheal intubation. Further studies are needed to demonstrate whether severe adverse events are

significantly different between the two devices.
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INTRODUCTION
Various surgical procedures are performed under
local and regional anesthesia. Much of the surgical
procedures can be performed using supraglottic de-
vices, but still, in many surgical procedures, general
anesthesia is performed with airway protection by
endotracheal intubation [1].

Providing adequate patient ventilation, airway
management and especially endotracheal intu-
bation are the basic procedures performed by an
anesthesiologist [2]. Unfortunately, in some cases,
endotracheal intubation is more or less difficult and
in some cases may not be possible [3, 4]. There
are several scales for assessing the patient’s airway
and possible difficulties in endotracheal intubation.
These scales facilitate the selection of the right tech-
nique, the preparation of appropriate equipment,
including alternative ones, and above all, is based on
the involvement of experienced medical personnel.

Improper airway management may result in a va-
riety of complications, including the risk of death.
This is particularly important in emergency and
life-saving patients and airway procedures in emer-
gency medicine. Unrecognized esophageal intuba-
tion may have catastrophic consequences for the
patient [3]. The problem of difficult airways is par-
ticularly important in patients with the severe clinical
course of COVID-19, where hypoxia progresses very
quickly and difficulties in securing the airway may
pose a real threat to the patient’s life, especially in
case of limitations for medical personnel related to
the use of personal protective equipment and lack
of instant assistance from more experienced medical
personnel [5].

Various parameters can be used to assess the
efficacy of airway management especially endotra-
cheal intubation, including the total duration of the
procedure, the percentage of successful intubations
at the first attempt, the total number of intubation
attempts, and the complications of endotracheal
intubation for both normal and difficult airways,
including cervical spine immobilization.

This systematic review and meta-analysis was
conducted to investigate the effectiveness and safety
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of Airtrag vs. Macintosh laryngoscope for endotra-
cheal intubation during general anesthesia.

MATERIAL AND METHODS

This systematic review and meta-analysis was con-
ducted following the recommendations of The
Cochrane Handbook for Systematic Reviews of In-
terventions and reported according to the Preferred
Reporting Items for Systematic Reviews and Me-
ta-analyses (PRISMA) statement [6]. Before start-
ing the study, all authors agreed on the analysis
methods and the inclusion and exclusion criteria to
be applied.

Data sources and search strategy

Two authors (M.M. and L.S.) independently searched
relevant literature. The current issue of Pubmed, Em-
base, Cochrane, Web of science, Scopus (from data-
base inception to October 20, 2020) was searched.
Study authors were mailed for any useful informa-
tion. The whole search strategy used free words
including ‘Airtraq” OR ‘ATQ’ OR ‘channeled laryn-
goscop*’ AND ‘Macintosh’ OR ‘MAC" OR ‘direct
laryngoscop*’ AND ‘endotracheal intubation” OR
"tracheal intubation’ OR ‘intubation’ OR ‘airway’ OR
‘airway management’ OR ‘ETI". The reference lists
of all eligible trials and reviews were screened for
additional citations. We restricted publication to the
English language.

Eligibility criteria

Randomized controlled trials comparing Airtrag and
Macintosh laryngoscope and reporting the efficacy
parameters of tracheal intubations were included.
The pre-hospital study, conference papers, letters to
the editor, cadaver study, simulated study, or case
reports were excluded.

Data extraction

Two reviewers (M.M. and J.S.) independently ex-
tracted data from each study by using a predefined
data extraction form. Any disagreement unresolved
by the discussion was resolved in consultation with
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a third reviewer (L.S.). The following variables were
extracted from the studies: first author name, coun-
try, study design, airway management setting, type
of operator, no. of patients, age, sex, the success
of intubation attempts, intubation time, adverse
events, inclusion and exclusion criteria, outcomes
and findings. In case if the above variables were not
found in the articles, we requested the data from
their authors via email.

Risk of bias assessment

The risk of bias for each eligible study was inde-
pendently assessed by two review authors (J.S. and
M.M.). For randomized controlled trials, the Cochrane
Collaboration’s tool (The Cochrane Collaboration, Ox-
ford, UK) was used to assess the risk of bias [7]. This
tool is widely used to assess the methodological qual-
ity of RCTs and consists of the following six items: ran-
dom sequence generation, allocation concealment,
blinding of participants and personnel, blinding of
outcome assessment, incomplete outcome data, and
selective outcome reporting. According to the pre-
vious trials [8] each bias was graded ‘yes’, 'no’, or
‘unclear’, which reflected a high risk of bias, low risk
of bias, and uncertain bias, respectively.

Statistical analysis

Meta-analysis was performed by RevMan 5.4EN
(Cochrane Collaboration, Oxford, UK). A two-tailed
p < 0.05 was considered statistically significant. All
statistical variables were determined with 95% con-
fidence interval (Cl) to estimate the range of plausi-
ble treatment effects. In case when the continuous
outcome was reported in a study as median, range,
and interquartile range, we estimated means and
standard deviations using the formula described
by Hozo et al. [9]. We employed the inverse-var-
iance method for the continuous outcomes and
the Mantel-Haenszel models for all dichotomous
outcomes. We calculated mean differences (MD) for
continuous measurements and odds ratios (OR) for
dichotomous outcomes.

Statistical heterogeneity across trials was esti-
mated using the I? statistic [10], in which I> < 30%
denotes ‘low heterogeneity’, I = 30% to 50% rep-
resents ‘moderate heterogeneity’, and I > 50%
denotes ‘substantial heterogeneity’ [11]. The ran-
dom-effects model was used for 1> >50%; other-
wise, the fixed effects model was employed. The
Mantel-Haenszel method was used to synthesize
dichotomous data.

RESULTS

Characteristics of included studies

The search strategy details are provided in Figure 1.
Using a search strategy, a total of 507 papers were
identified. A total of 136 studies were removed
due to duplicates. In the remaining 371 studies,
329 were excluded because of patients not eligible
for the study purpose, abstract unavailable, reviews,
or letters.

Twenty-five articles were excluded as follows:
four were not RCT designed studies, four were only
published abstracts, three were letters to the editor,
seven evaluated different outcomes to this study
(for the transitivity assumption not to be violated),
six were simulation trials, and one was a redundant
publication. Finally, 17 studies were eventually in-
cluded in the review for data extraction [12-28].

Risk of bias assessment for included studies
Detailed description regarding the risk of bias of the
included studies is shown in Supplementary digital
content (SDC) of the 17 included studies, all were
RCTs [12-28], and six of them were single-blinded
[12, 13, 22-25]. All studies (100%) were assessed
as having a low risk of bias about selective reporting
and other potential sources of bias.

Primary outcome

Twelve studies (n = 782 patients) reported the first
attempt success rate of intubation with ATQ and
MAC [12, 13, 17, 18, 20-26, 28]. In case of ATQ
first attempt success rate was 85.6% vs. 68.4% for
MAC (OR = 3.00; 95% CI: 1.37, 6.60; p = 0.006;
1> = 63%; Figure 2). The additional analysis showed
that the use of ATQ and MAC in cervical spine im-
mobilization was associated with the effectiveness
of the first intubation attempt at 98.6% vs. 71.1%
(OR = 16.40; 95% ClI: 3.55, 78.87; p < 0.0071;
1> = 0%) respectively.

The intubation time was reported in fourteen
publications with ATQ was shorter than with MAC
(MD = -3.19; 95% ClI: -9.33, 2.95; p = 0.31;
1> = 97%; Figure 3) [12, 13, 15-17, 19, 21-28]. The
endotracheal intubation during cervical spinal intuba-
tion was associated with significantly shorter proce-
dure duration for ATQ than for MAC (MD = -10.30;
95% Cl: -18.43, -2.18; p = 0.01; 1> = 74%). For in-
tubation without cervical immobilization of the spine
a slight superiority of ATQ over MAC in terms of in-
tubation time was noted (MD = -82; 95% Cl: -7.85,
6.20; p = 0.82; I> = 98%).
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FIGURE 1. Flow diagram showing stages of database searching and study selection
ATQ MAC Odds Ratio Odds Ratio
Study or Subgroup Events Total Events Total Weight M-H, Random, 95% Cl M-H, Random, 95% CI
Abdallah 2019 34 35 33 35 6.2% 2.06 [0.18, 23.83]
Al-Ghamdi 2016 9 21 16 22 11.1% 0.28 [0.08, 1.01]
Ertiirk 2015 30 40 20 40 12.8% 3.00 [1.16, 7.73] —_—
Ferrando 2011 29 30 24 30 7.1% 7.25[0.82, 64.46]
Hosalli 2017 27 30 23 30 10.2% 2.74[0.63, 11.82] —_——
Koh 2010 24 25 10 25 7.2% 36.00[4.17, 310.44] _
Maharaj 2006 30 30 29 30 4.3% 3.10[0.12, 79.23]
Maharaj 2007 20 20 19 20  4.3% 3.15[0.12, 82.16]
Maharaj 2008 19 20 13 20 7.0% 10.23 [1.12, 93.34]
McElwain 2011 28 28 25 31  5.0% 14.53[0.78,270.92] >
Nishiyama 2011 29 36 31 35 10.8% 0.53 [0.14, 2.02] —_—
Zhao 2014 54 74 26 75  14.0% 5.09 [2.53, 10.24] —_—
Total (95% CI) 389 393 100.0% 3.00 [1.37, 6.60] -
Total events 333 269
PR 2 _ . 2 _ _ _ 12 = I } t {
Heterogeneity: Tau? = 1.03; Chi* = 30.04, df = 11 (P = 0.002); I = 63% o1 o 0 100

Test for overall effect: Z = 2.73 (P = 0.006)

Favours [ATQ] Favours [MAC]

FIGURE 2. Forest plot of first intubation attempt success rate in Airtraq vs. Macintosh groups. The center of each square represents
the odds ratio for individual trials, and the corresponding horizontal line stands for a 95% confidence interval. The diamonds represent

pooled results
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ATQ MAC Mean Difference Mean Difference
Study or Subgroup  Mean SD Total Mean SD Total Weight 1V, Random, 95% CI 1V, Random, 95% CI
Abdallah 2019 11.5 4.36 35 14.18 3.42 35 7.8% -2.68 [-4.52, -0.84] e
Al-Ghamdi 2016 56.4 6.02 21 35.1 861 22 7.5% 21.30[16.88, 25.72] ——
Chalkeidis 2010 29.6 8.5 35 23.7 5.9 28 7.6% 5.90 [2.34, 9.46] =
Ertiirk 2015 31.5 20.8 40 24.3 15.3 40 6.9% 7.20 [-0.80, 15.20] —
Hindman 2014 19.6 7 14 216 7.8 14 7.3% -2.00 [-7.49, 3.49] s
Koh 2010 49.8 33.6 25 90 49.4 25 3.7% -40.20[-63.62,-16.78] ——————
Maharaj 2006 12.2 8.5 30 12.4 9.2 30 7.5% -0.20 [-4.68, 4.28] s o
Maharaj 2007 13.2 5.4 20 20.3 12.2 20 7.3%  -7.10[-12.95, -1.25] =
Maharaj 2008 13.4 6.3 20 47.7 8.5 20 7.5% -34.30[-38.94, -29.66] ——
McElwain 2011 19.8 3.8 29 26.8 9.5 31 7.6%  -7.00[-10.62, -3.38] ——
Nishiyama 2011 39.8 14.2 36 36.5 18.5 35 7.0% 3.30 [-4.39, 10.99] 1T
Vijayakumar 2016 25.8 3.8 45 224 2.8 45 7.8% 3.40 [2.02, 4.78] i
Zhao 2014 68 21 74 96 22 75 7.1% -28.00 [-34.91, -21.09] =
Colak 2015 29.8 13.82 46 13.59 5.49 49 7.5% 16.21 [11.93, 20.49] —
Total (95% CI) 470 469 100.0% -3.19 [-9.33, 2.95]

Heterogeneity: Tau® = 125.72; Chi? = 494.46, df = 13 (P < 0.00001); I = 97% t

Test for overall effect: Z = 1.02 (P = 0.31)

- .

=50 -25 0 25 50
Favours [ATQ] Favours [MAC]

FIGURE 3. Forest plot of intubation time rate in Airtraq vs. Macintosh groups. The center of each square represents the mean difference
for individual trials, and the corresponding horizontal line stands for a 95% confidence interval. The diamonds represent pooled results

ATQ MAC Odds Ratio Odds Ratio
Study or Subgroup Events Total Events Total Weight M-H, Fixed, 95% Cl M-H, Fixed, 95% CI
Abdallah 2019 35 35 35 35 Not estimable
Bhandari 2013 40 40 38 40 3.2% 5.26[0.24, 113.11] >
Chalkeidis 2010 31 35 27 28 23.6% 0.29[0.03, 2.73] =
Erturk 2015 40 40 40 40 Not estimable
Ferrando 2011 29 30 30 30 10.2% 0.32[0.01, 8.24] o
Hosalli 2017 30 30 30 30 Not estimable
Koh 2010 24 25 21 25 5.8% 4.57 [0.47, 44.17]
Maharaj 2006 30 30 30 30 Not estimable
Maharaj 2007 20 20 19 20 3.2% 3.15[0.12, 82.16]
Maharaj 2008 20 20 16 20 2.7% 11.18 [0.56, 222.98] >
McElwain 2011 29 29 29 31 3.3% 5.00[0.23, 108.68] >
Zhao 2014 65 74 50 75 41.6% 3.61[1.55, 8.42] — i
Colak 2015 4 50 1 50 6.3% 4.26 [0.46, 39.54]
Total (95% CI) 458 454 100.0% 2.88 [1.61, 5.13] -
Total events 397 366
Heterogeneity: Chi? = 7.40, df = 8 (P = 0.49); I = 0% :0 o1 051 150 100’

Test for overall effect: Z = 3.58 (P = 0.0003)

Fa;/ours [ATQ] Favours [MAC]

FIGURE 4. Forest plot of the overall intubation success rate in Airtraq vs. Macintosh groups. The center of each square represents the
odds ratio for individual trials, and the corresponding horizontal line stands for a 95% confidence interval. The diamonds represent

pooled results

Secondary outcomes

Thirteen studies indicated the total effectiveness of
intubation, which for ATQ and MAC varied 86.7%
vs. 80.6% respectively (OR = 2.88; 95% Cl: 1.61,
5.13; p < 0.001; I> = 0%; Figure 4) [12, 14-18,
20-25, 28].

One study [16] indicated that cervical spine move-
ments were lower for ATQ intubation than for MAC
(MD =-12.70; 0.5% Cl: -14.92, -10.48; p < 0.001).

Pooled analysis showed that ATQ intubation re-
quired less head positioning change during the pro-
cedure (23.0%) than MAC (32.1%; OR = 0.23; 95%
Cl:0.01,5.16; p = 0.35; I> = 87%). The need for ex-
ternal laryngeal manipulation was also lower (3.3%)
with ATQ than with MAC (36.6%; OR = 0.07; 95%
Cl: 0.04, 0.13; p < 0.001; I* = 28%).

Adverse events

A detailed list of adverse events is presented in Table 2.
The most common complication among the studies
included in the meta-analysis was a sore throat and it
concerned 41.7% of patients intubated with ATQ and
57.7% of those intubated with MAC. Intubation with
ATQ was associated with a lower risk of blood staining
of laryngoscope blade, laryngospasm, and mucosal
trauma compared to MAC. In the case of lips trauma,
an inverse relationship was noted, where trauma with
ATQ was more than 5.5% higher than with MAC.

DISCUSSION
In this review, we showed that Airtraq was the most
useful device in terms of the success rate of the first
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Table 2. Adverse events reported in included studies

Type of adverse event sTS&i?s Ni(:]' X.?ci)n;i:in;e Ni?]' ’?/lfai:;i:joeun;e OR (95% Cl) p value | 12 statistic
Blood staining of laryngoscope blade | 2 1/64 (1.6%) 2/66 (3.0%) 0.49 (0.04, 5.61) | 0.56 NA
Sore throat 3 40/96 (41.7%) 56/97 (57.7%) 0.23(0.04, 1.20) | 0.08 56%
Laryngosplasm 1 0/35 (0.0%) 1/35 (2.9%) 0.32(0.01, 8.23) | 0.49 NA
Hoarseness 1 0/40 (0.0%) 0/40 (0.0%) NA NA NA
Dental injury 2 0/81 (0.0%) 0/82 (0.0%) NA NA NA
Muscosal trauma 1 1/21 (4.8%) 6/22 (27.3%) 0.13(0.01, 1.22) | 0.07 NA
Lips trauma 1 5/21 (23.8%) 4/22 (18.2%) 1.41(0.32,6.16) | 0.65 NA

ATQ — Airtraq laryngoscope; MAC — Macintosh laryngoscope; OR — Odds Ratio; CI — Confidence Interval; NA — Not applicable

attempt at endotracheal intubation under gener-
al anesthesia conditions. In the meta-analysis, the
efficacy of the first intubation attempt with Airtrag
was higher than with direct laryngoscopy. This re-
lationship was even more evident when intubated
under manual in-line neck stabilization. Many arti-
cles indicate the advantage of video laryngoscopy
over direct laryngoscopy when intubating patients
with “difficult” airways (i.e. tongue edema) or when
there are limitations in the patient’s position due to
the use of cervical collars [29, 30], manual in-line
stabilization [31, 32] or continuous chest compres-
sion during cardiopulmonary resuscitation [33, 34].
It is therefore advisable to use alternative intubation
methods to Macintosh laryngoscope in such cases,
which will increase the effectiveness of intubation
as well as may shorten the time of the procedure.
An additional problem observed with multiple en-
dotracheal intubation attempts is the vicious circle
phenomenon in which each subsequent intubation
attempt increases soft tissue trauma — bleeding
and swelling, leading ultimately to a situation de-
scribed by the Difficult Airway Society (DAS) as ‘can’t
intubate, can't ventilate’ [35]. Then the only solution
is cricothyrotomy or tracheostomy [36].

Rapid airway management including endotrache-
al intubation in both prehospital and operating the-
atre conditions is essential. The prolonged endotra-
cheal intubation procedure may cause hypoxia and
related damage to vital organs due to hypoxia. As
Wozniak et al. indicate, intubation attempts should
be limited to a maximum of 30 seconds. Prolonging
the intubation more than 30 seconds leads to great-
er hypoxia and may contribute to increased neonatal
morbidity, with no effect on success rate [37].

Limitations

There are some limitations in our analysis that de-
serve special attention. The first limitation is the fact
that only randomized controlled trials are includ-
ed in the study, but this type of study guarantees
the highest quality of results. The second limitation
is the inclusion of articles comparing only Airtraq
vs. Macintosh laryngoscope. However, this was de-
liberate. In the further parts of the series of studies,
the authors plan to conduct meta-analyses concern-
ing other types of laryngoscopes.

CONCLUSIONS

This systematic review and meta-analysis revealed
that ATQ can reduce the failed first intubation
attempt, especially in cervical manual inline stabi-
lization patients, and reduces the time needed to
obtain airway management, but does not provide
significant benefits on other adverse events as-
sociated with tracheal intubation. Further studies
are needed to demonstrate whether severe ad-
verse events are significantly different between the
two devices.

Supplementary digital file Supplementary
material related to this article can be found, in
the online version, at: https://journals.viamedica.
pl/disaster_ and_emergency medicine/article/
downloadSuppFile/DEMJ.a2021.0001/59938
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