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Abstract

Background Although Video laryngoscope (VL) can reduce the difficulty of endotracheal intubation and improve
the glottic view, its use in critically ill patients is controversial.

Methods Randomized controlled trials (RCTs) of VL and direct laryngoscopy (DL) for critically ill patients were
searched on electronic databases, including Web of Science, PubMed, and Embase. Additional publications were
identified by screening the reference lists of the identified articles and relevant previously published reviews.

Results Overall, 25 RCTs involving 5836 critically ill patients were included in the analysis. There was no signifi-

cant difference in the first intubation rate between the VL and DL groups (25 studies; RR, 1.03;95% C1 0.96-1.11;
n=5836; p=0.37; very low certainty). However, Multivariate meta-regression analysis identified two main sources

of bias: whether intubation was performed in a hospital (p=0.04) and operator proficiency with DL compared to VL
(p<0.001). Subgroup analysis showed that VL improved the first intubation rate in in-hospital intubation (19 studies;
RR, 1.12;95% Cl 1.04-1.22; n=4441; p<0.01, very low certainty) and VL showed good potential to reduce the first-
attempt intubation success rates, but not significantly (6 studies; RR, 0.75; 95% CI 0.56-1.00; n=1395; p=0.05, very low
certainty). In subgroups with similar operator proficiency VL and DL, VL increased the success rate for first intubation
(16 studies; RR, 1.14;95% Cl 1.06-1.23; n=3,971; p<0.01; very low certainty). However, VL decreased the first intuba-
tion rate (4 studies; RR, 0.65; 95% Cl 0.49-0.88, n=810; p<0.01; very low certainty) in a subgroup where operator
proficiency was higher for DL than for VL.

Conclusion VL does not increase the first intubation rate. However, VL increases the first-attempt intubation success
rate for in-hospital intubation and operators with similar proficiency in VL and DL.
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Graphical Abstract
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Airway obstruction and respiratory failure are important
causes of rapid death in critically ill patients [1]. Rapid
and effective tracheal intubation is an important meas-
ure to improve life-threatening respiratory symptoms.
The first-attempt intubation success rate in critically ill
patients is significantly related to the risk of death [2].
However, the first intubation in critically ill patients still
has a high failure rate of about 20-30% [3].

Video laryngoscope (VL) is equipped with a camera
at the distal end of the blade, which can expose the glot-
tis and facilitate tracheal intubation even when the oral,
pharyngeal, and laryngeal axes are not aligned [4]. VL
reduces the difficulty and operator threshold of tracheal
intubation [5].

While direct laryngoscope (DL) has been a mainstay of
clinical practice for tracheal intubation, the use of VL has
increased dramatically in recent years [6, 7]. Although
VL has achieved good results in surgical patients [8], its
application in critically ill patients remains controversial
[9, 10]. Numerous randomized controlled trials (RCTs)
have been conducted to evaluate the impact of VL and
DL on the first-attempt intubation success rate in criti-
cally ill patients. However, inconsistent results have been
obtained due to factors such as patient disease type,

among others [3, 11-13]. Jiang et al. conducted a meta-
analysis and reported that VL might not improve the
first-attempt intubation success rate [9]. However, sub-
sequent RCTs [3, 12, 14] reported that VL had a higher
first-attempt intubation success rate than DL. Recently,
Kim et al. conducted a meta-analysis and reported that
although VL could not improve the first-attempt intuba-
tion success rate, it outperformed DL in inpatients, the
difficult airway subgroup, and operators with limited
experience [10].

Aratjo et al. reported that VL could improve the first-
attempt intubation success rate, but their study did not
include patients with prehospital intubation [15]. Their
meta-analysis did not perform a subgroup analysis to
determine operators’ experience with VL [10, 15].

The use of VL increased significantly after the corona-
virus disease 2019 (COVID-19) pandemic, during which
experience with VL expanded across various institutions,
potentially influencing the results. Previous meta-analy-
ses did not account for the research period [9, 10]. Mean-
while, a recent high-quality, large-scale RCT reported
that the first-attempt intubation success rate of the VL
group was significantly higher than that of the DL group,
potentially influencing the findings [3].
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Herein, a meta-analysis of RCTs was conducted to
explore whether VL can increase the first-attempt intu-
bation success rate and reduce intubation complications
compared to DL.

Methods

This meta-analysis was registered in the International
Prospective Register of Systematic Reviews (PROSPERO,
registration number CRD42023456356). Two investiga-
tors (Yang and Yuan) performed a literature search, data
extraction, and statistical analysis, and any discrepan-
cies were resolved through a consensus discussion with a
third party (Chen).

Literature search

Relevant studies were searched on the Web of Science,
PubMed, and Embase electronic databases from incep-
tion until September 8, 2023. Additional publications
were identified by screening the reference lists of the
identified articles and relevant previously published
reviews. Relevant publications were searched by a com-
bination of subject terms and subheadings. The search
terms used in this study were derived from a previous
study, which included “video laryngoscope,” “Glidescope,’
“video laryngoscopy,” “C-MAC,” and “McGrath,” among
others [9]. The search strategy is detailed in the supple-
mentary document (Table S1).

Literature selection

Only RCTs comparing VL and DL for tracheal intuba-
tion of critically ill patients were included in this meta-
analysis. The experimental population included patients
in pre-hospital emergency care, emergency departments,
and intensive care units.

Patient screening

The inclusion criteria included adult patients and criti-
cally ill patients requiring tracheal intubation. The
exclusion criteria were surgical patients, patients with
cervical spine injury, pediatric patients, cadaver models,
and human models.

Outcomes
The primary outcome was the first-attempt intubation
success rate. Secondary outcomes included intubation
duration, overall intubation success rate, esophageal intu-
bation rate, aspiration incidence rate, and hospital mor-
tality rate.

Data extraction

Two investigators (Yang and Yu) independently per-
formed data extraction, focusing mainly on patient base-
line characteristics. The extracted data included study
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execution time, operator proficiency, sedative use, mus-
cle relaxant use, presence of a difficult airway, incidence
of cardiac arrest, and type of VL device used.

Experienced operators were defined as registered anes-
thesiologists, emergency medical service personnel, or
physicians with over 3 years of intubation experience or
>30 intubations [9]. Unlike previous studies, operator
proficiency with VL was also assessed. Operator profi-
ciency with VL was defined as VL long-term use experi-
ence before the study or > 30 successful intubations with
VL.

The mean and standard deviation (SD) for continuous
variables were extracted, but if they could not be directly
extracted, the median and interquartile range were con-
verted to the mean and SD as previously described [16].

Based on previous studies, studies with a proportion
of cardiopulmonary resuscitation patients close to or
exceeding 50% were defined as Main, whereas those with
less than 50% were defined as less [10]. Since the Cor-
mack-Lehane score has high accuracy in predicting dif-
ficult airways, a Cormack-Lehane score >3 was defined
as a difficult airway in our study. Meanwhile, studies with
difficult airways >40% were defined as Main, while those
with <40% were defined as less.

Risk of bias and study quality assessment

Risk of bias assessment and study quality evaluation
were conducted by two investigators (Yang and Yu). The
Risk of Bias version 2 (ROB2) tool was used for risk of
bias assessment [16]. The Grading of Recommendations
Assessment, Development, and Evaluation (GRADE) sys-
tem was used to evaluate the outcomes [17].

Statistical analysis
Continuous data were expressed as standardized mean
difference (SMD) and 95% confidence interval (CI).
Binary data were expressed as relative risk (RR) and 95%
CI. A p-value<0.05 was considered statistically signifi-
cant. The chi-squared test and 12 statistic were used to
quantify heterogeneity. A random effects model should
be used if the chi-squared test shows a p-value of less
than 0.1. An I?-value>50% indicated high heteroge-
neity, and the random effects model was applied. An
I>-value < 50% indicated low heterogeneity, and the fixed
effects model was applied. If the results of the main out-
come were from at least 10 trials, a funnel plot was used
to assess bias qualitatively, and the trim-and-fill method
was used to evaluate the change in results after correct-
ing bias. The Begg’s test method was used to quantita-
tively assess reporting bias.

Sensitivity analysis was performed for the first-attempt
intubation success rate using the leave-one-out method.
Meta-regression and subgroup analyses were performed
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for a pre-hospital and in-hospital emergency, difficult air-
way, study time, respiratory, cardiac arrest, operator pro-
ficiency, and VL proficiency.

Results

The initial search strategy yielded 4034 articles, of
which 1489 were retained after removing duplicates.
After screening the titles and abstracts, 84 articles were
selected. Nine articles on pediatric patients, five on cer-
vical spine injury, eight on non-RCTs, 15 on surgical
patients, and 22 on irrelevant studies were excluded after
full-text screening. Twenty-five studies involving 5836
patients were included in the final analysis [3, 11-14, 18—
37] (Fig. 1).

Study characteristics and quality

The characteristics of the included studies are shown in
Table 1. Five studies were multicenter RCTs [3, 22, 34,
35, 37], and 20 were single-center RCTs [11-14, 18-21,
23-33, 36]. Six studies were conducted in a pre-hospital
setting [13, 33-37], and 19 studies were conducted in a
hospital setting [3, 11, 12, 14, 18-32]. The 25 included
studies were conducted in 14 countries, including Aus-
tria, Canada, Egypt, France, Germany, India, Iran, Japan,
Korea, Switzerland, Thailand, Turkey, the United States,
and China. Two studies [13, 25] were conducted before
2011, 8 studies [20, 24, 26—28, 30, 33, 37] were conducted
between 2011 and 2014, 11 studies [11, 12, 18, 19, 21,
22, 29, 31, 32, 34, 35] were conducted between 2015 and
2018, and 4 studies [3, 14, 23, 36] were conducted after
2018. Seven studies focused on patients with cardiac
arrest [13, 30, 33—-37]. Fourteen studies [3, 11-13, 18,
19, 23, 27, 30, 32, 33, 35-37] had operators with exten-
sive experience in endotracheal intubation, but only six
studies [3, 12, 18, 23, 30, 36] had operators with exten-
sive experience in VL. In the study by Arima et al. [33],
although their institution had experience with VL, DL
was used more often, and user experience bias could
affect the final outcome, and this has been highlighted in
the limitations section. Therefore, we classified the expe-
rience with VL in their study as “Unknown” In 4 studies
[11, 13, 33, 37], the operators were more familiar with
DL than VL. Only one study [26] had patients with dif-
ficult airways as the main. The specific characteristics
are shown in Table 1. Figure 2 shows that 19 studies [3,
12-14, 18-21, 23, 25, 27-29, 31-33, 35-37] were catego-
rized as low risk, five studies [22, 24, 26, 30, 34] were high
risk, and one study had unknown risk. Table S2 shows
the GRADE scores for the results.

First-attempt intubation success rate
No statistically significant difference in the first-attempt
intubation success rate of patients was found between
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VL and the DL groups (25 studies; RR, 1.03; 95% CI
0.96-1.11; n=5,836; p=0.37; very low certainty) (Fig. 3,
Table 2). Besides, no statistically significant difference
in first-attempt intubation success rate was detected
after correcting for bias by drawing a funnel plot with
the trim-and-fill method (RR, 0.99; 95% CI 0.93-1.07;
p=0.88) (Figure S1). The Begg’s test showed no obvious
publication bias (p=0.76).

Sensitivity and meta-regression analyses

The leave-one-out sensitivity analysis suggested that
Trimmel et al. [13] and Trimmel et al. [37] had a great
impact on the study results but without a statistical dif-
ference (p>0.05) (Fig. 4). Meta-regression analysis
revealed that study time (Fig. 5), whether intubation was
performed in the hospital, cardiac arrest, and the dif-
ference in operator proficiency in VL and DL were the
primary sources of bias (p<0.05) (Table 3). Multivariate
meta-regression analysis showed that whether an intuba-
tion was performed in the hospital and the operator pro-
ficiency with the difference between VL and DL were the
main factors of bias (p<0.05) (Table S3). After exclud-
ing studies with a difference in operator proficiency in
VL and DL, the first-attempt intubation success rate
was significantly higher in the VL group than in the DL
group (21 studies; RR, 1.11; 95% CI 1.04-1.19; n=5,026;
p<0.01, very low certainty) (Figure S2).

Subgroup analysis

In the pre-hospital subgroup, VL shows a trend towards
reduced first-attempt intubation success rates, but
without statistical significance (6 studies; RR, 0.75;
95% CI 0.56-1.00; n=1395; p=0.05, very low cer-
tainty) (FigureS3). In the in-hospital subgroup, the VL
group had a significantly higher first-attempt intuba-
tion success rate than the DL group (19 studies; RR,
1.12; 95% CI 1.04-1.22; n=4441; p<0.01, very low
certainty) (Figure S3). In the main difficult airway sub-
group, only one report showed that the VL group had
a higher first-attempt intubation success rate than the
DL group (1 study; RR, 1.22; 95% CI 1.02-1.47; n=97;
p=0.03; low certainty) (Figure S4, Table 2). In the less
difficult airway subgroup, no statistical difference in
the first-attempt intubation success rate was found
between VL and DL groups (22 studies; RR, 1.02; 95%
CI 0.94-1.11; n=4,976; p=0.59; very low certainty)
(Figure S4, Table 2). In the main-cardiac arrest sub-
group, the VL group had a lower risk of first-attempt
intubation success than the DL group, but without
a statistical difference (6 studies; RR, 0.85; 95% CI
0.68-1.08; n=1,323; p=0.18; very low certainty) (Fig-
ure S5, Table 2). In the less-cardiac arrest subgroup,
VL improved the first-attempt intubation success rate
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Fig. 1 Literature screening flowchart

of patients compared with DL (19 studies; RR, 1.09;
95% CI 1.00-1.18; n=4,513; p=0.04; very low cer-
tainty) (Figure S5, Table 2). No statistical difference
in the first-attempt intubation success rate was found
between VL and DL groups in the Lower 2011 sub-
group (2 studies; RR, 0.73; 95% CI 0.37-1.41; n=2835;
p=0.34, low certainty), 2011-2014 subgroup (8 studies;

RR, 1.02; 95% CI 0.81-1.28; n=1177; p=0.85; very low
certainty) and the 2015-2018 subgroup (11 studies; RR,
1.06; 95% CI 0.97-1.16; n=2040; p=0.19) (Figure S6,
Table 2). VL significantly increased the first-attempt
intubation success rate in the Higher 2018 subgroup (4
studies; RR, 1.16; 95% CI 1.06—1.26; n=1784; p<0.01;
low certainty) (Figure S6, Table 2). No significant



Page 6 of 18

(2025) 30:282

Yuan et al. European Journal of Medical Research

921Ap Yoes buisn
upjluew B UO
SUOIBGNIUI P3JO)
-d01d pawopad

uolegNIul Joj
ERVEIIEI RN

(%526 159118 pey suenishyd pey suepisAyd €]
03pIA Buy JeIpJed) UlR $$97 —padusiadxaun  -paduauadxaun pasn 10N pasnioN [eudsoy-ald 9107-+10T S91LIS palUn  je 1@ awleyang
wool
Bunesado ayy ui
(s9sed anY ‘abe
(paduaiadxa)  -19AR) suolegniul
siesh g'e sem  papinb aiam pue
9oualadxa  bujulely adodsap
(21U WNWIUIW— -[|9) JO Y 7 JUsM
(%2 €9 1521Je -uepIsAyd  -Iapun sueRisAyd Kem
adodsapID JeIpJeD) UlR S5 —paousuedxy  -padusiadxaun pasn pasn  [eudsoy-ald 7L0Z-LLOZ  -ION pueeuisny  [/€] el [wwi]
uonegnul
TV UM saduUs
-ladxa Jamay Ing
‘suolegnIul 0§
1583| UON1PIOI RIS
-3Y3Saue ue auop
pey suepisAyd
G1eak Jad suon
-egniul 1A O¢ O3
G| Jo suonegniul
2dUuauadxa bul 001 pawiopad
S{IoMm JO Sieah € 2 Ajjesausb pey
(%976 1591Je suepisAyd suejdisAyd
2dods Aemury JeIpIeD) UlR Ssa —padusiiadxy 9-umouun pasn 10N pasnioN |eudsoy-aid €107-710T ueder [€€] e 10 pUILY
1eak uad (s9sed
SUONBQNIUl DAY O} OMI) DU
[eayoeiiopus -112dxa beiuy
083ses| 1. |edluld pasialadns
puisudwod pauleb pue ‘Bul
9duaadxa [ed -ulel} upjluew
Ul JO A €2 yam ‘uodNIIsUl
sueisAyd pue  beiury Apnisaid e
(%9° 17 159118 s)s160joISaYISAUY JuaMmIapUN
beny JeIpIRD) 557 Ssa7 —padusadxy  -padusiadxaun pasn pasn  [eudsoy-ald  6007-8007 eLsny  [£1] 7] 32 [pWwi]
1Sy ut
ERIVETY) 1a TN siuexejas
3y dzijensip 1sauiedeipie)  Aemare yndyig 10} dusuadxy 10} dusauadx] SPSNIN  |SY Ul S9A1RPIS IS awi| Anuno) Apnis

SoIPN1s papn|dUl 9yl JO SOlISlia1deiey ) L d|qelL



Page 7 of 18

(2025) 30:282

Yuan et al. European Journal of Medical Research

(uonegniul
[NJ$S922NS G <)
wea) poddns ay|
lejnaseAoipied

padud

(3soue pasueApe 3Y3 -piadxa Jeak |
2d0d5apI|D  delpied A|Uo) ulepy umouun —paduaadx3y  peH-pasualadx3y pasn 10N pasnioN  |eudsoy-u| €107-110C 2310} [0€] ‘e 12 wiy
sueppisAyd
Buipusne pue
SIUDPISDI DIOM uoneqgniul 1oy
siolelado 9oUaLIAXD SS9
(%81 152.Je SY3—padual pey suepisAyd
IVIN-D JeIpIeD) S5 SS9 -adxaunisopy  -paduauadxaun umuosun pasn  [eudsoy-u| $107-€10C AnL  [87] |p 19 NSHODH
S1UapISal
(%St 15911 101USS—pPadUd 1i0dai
IVIN-D JeIp.Jed) 5597 SS9 -1adxa 1Sop ON-Umuoyun pasn pasn  [eudsoy-u; €10z-110C S91B1S PaNUN [£2]]e 1@ 4aA1Q
aupipaw
Aouabiawa jo uonegniul Joy
(1salle SyuapIsal 1eak EBJIEIEINERSEY
Ateuow|ndojpied -pJ1Y1 4O pUODIS pey suepisAyd
adodsapin UOISN|X3) $597 ulely  —psduauadxaun  -paduspadxaun umouun umouyun  |eudsoy-uj 1107 ueld|  [97] ‘e 19 IpRWYY
|e101 Ul SUolleq
-nul 0oL >dnoib
paduaL
-adxa ss9| a1
‘Apnis siy1 o1
Joud suolnegniul
001 <2dUd
-Ladxa ue pey
dnoib paduau pasua
(%7°GG 15941e -9dxa ay1—padua -11adxa 1eak |
IVIN-D Je|pIed) Uley Ssa] -Uadx2 150y peH-padualiadx3 umouyun umoudun  |eudsoy-ald 6102-/10T Auewssn  [9€] |8 12 aydeN
eIsay1saue Jualy
-edul buipnpul
Buluiesn arenpelb
-150d Jo Sieak {7
1583] 18 UM
suepisAyd Jo
(%06 15241e sis1bojoIsayIsaue 110dal [s¢€]
TAUIRIDDN JeIpIeD) UlB SS9 —padualiadx3 ON-UMmouyuN pasn pasn |eudsoy-ald 8107-/10C eLsny ‘e 12 Jabizinany
1Sy u!
ERIETY) 1a A swuexea)
ay3 azijensip 1saaiedeipie)  Aemuie ynouypqg 10} @>uauadxy 10} 9>uauadxy dPPSN  |SY Ul SBAIRPIS N awi] A1uno> Apnis

(panunuod) L ajqey



Page 8 of 18

(2025) 30:282

Yuan et al. European Journal of Medical Research

(1saue
Kieuowndoipied

syuaplisal Abojo
-1S9Y1SaUR-UOU JO
SIUIPNIS [eDIPaW

uoneqgnul 1oy
ERVEIIEINERNTT]
pey suepisAyd

[0

adodsapin UoISN|IXa) 5597 $$97 —padusiadxaun  -padusuadxaun pasn pasn  [eudsoy-u| | 10Z-6007 epeue) REBEEIl )
ERVEIIEINE}
uojegniul SNo
-1n24d Jo Jeak | Jo
wnuiuiw e yim
syuaplisal ABo
-|oIsayisaue Jo uoneqgniul 1oy
aupIpaw Aouab 9oUaLIAX3 SS9
(%8'C 1521Je -IdWa—padua pey suepisAyd
2dodsapID JeIp.IeD) 559 umousun -uadxaunisopy  -pasuauadxaun pasn pasn  [eudsoy-u| 010Z—-800C S91E1S PaUN [57] e 19 snean
MO||3}
3JeD [eDIID B IO
1USPISaI BUIDIPAW
AKouabiawa ue Aq (08°0 01 05°0)
oY paw.opad alom 690 uonuodoid
2dod5apIH'01doT] suopegniul 3y} Jo Huisn adods
'2dodS9pIDIVIN (%08 1591Je %G | 6—PadUd -0buAie| 0apIA
YIeIDO DYIN-D JeIpIeD) 557 Ssa7 -11adx3 1O -padusiiadxy pasn pasn  [eudsoy-uj 20t S91LIS PN ISINERERENEIE
wsp
-1S9Y SUPIPSN uonegniul 1oy
Aousbiawz pue 9oUIdXD SS9
(359118 DRIPIRD SS3) S)USPNIS—PadUd pey suepIsAyd (L€l
adodsaplD 10dal) s597 SS9 -padxaun  -padusiadxaun umousun pasn  [eudsoy-u; 910z-510C puejiey] [e 12 umuenbueg
JUSPISAI BUID uonegniul Joy
-Ipaw Aousbiawa 9oUadXD SS9
(3s911e DRIPIED 1e9A pUOd3s Y1 pey sueiskyd
2dodsaplD uoIsN|aXa) 557 SS97  —paduauadxaun  -paduauadxaun pasn pasn  [eudsoy-u; 8107-910C uel| [67] e 12 1beq|
S1URYNSUOD
eISaYISaur padud
(3s911B DRIPIED -padxa sa1y 110dal
IVIN-D uoISN|IXa) S5 SS9 —padualiadx3 ON-UMmouyuN pasn pasn  [eudsoy-u| §L0Z-¥10T PUB[IDZUMS [¢€] Je 19 43s|NS
1Sy u!
ERIETY) 1a A swuexea)
ay3 azijensip 1saaiedeipie)  Aemuie ynouypqg 10} @>uauadxy 10} 9>uauadxy dPPSN  |SY Ul SBAIRPIS S awi| Anuno) Apnis

(panunuod) L ajqey



Page 9 of 18

(2025) 30:282

Yuan et al. European Journal of Medical Research

aupipaw
218D SAISUUI U|
aduUaLRdXe yum
ueldisAyd bui
-puaiie ue Jo moj

(359118 DEIPIED 553 -|94 B S| U0 1583 piodal [61]
1YBISeAIA 1odal) ssa] $S97  1e—padualadxg ON-UMoUNUN pasn pasn  [eudsoy-u; 8107-910¢ AUBWISY  ’|e 19 UUPWISUID)
suonegniul
0€ ueyl aiow 2dodsap
pawloyiad pue  -I|5 pue besuy Jo
sieak ¢ ueyy 4oea yum suon
(159118 2I0W Y3IM -egnIul O€ Ueyl
ben  Areuowndoipied uepisAyd ND| 910w pauliopidg 81]
-y pue adodsspl|D uoISN|IXa) S5 ssa —padualladx3 -pasualiadx3y pasn 10N pasn  |eudsoy-u| /£102-910T 1dABY  |e1s 9jebRpPQY
SIeak G
1583 18 40 SND| 18
SENISVPEINIE] Buuien
pey PaAJOAUl  UOSPUBY PaAIDIDI
(35944R DRIPIED $SI| suepisAyd aya sueldIsAyd
WOO0ETA 1i0dal) 5597 SS9 |[y—paduauadx3  -padusuadxaun pasn 10N pasn  [eudsoy-u| 9107-¥10T eulyd [L1][e18 0BD
sio1eqgniul uonegniul Joy
(3sauie paouauadxa ERJIEIEINERSEY
Aeuowndoipied %S PUe (%818) pey suepisAyd [cd
IV YieIody uoIsN|IX3) s Ss7 paduauadxaun  -padusiadxaun pasn pasn  [eudsoy-u| 9107-5107 aduel |B 39 NOJJBDSET]
SMO| |3}
SUPIpaW a1ed uonegniul 1oy
(%¥71) |BD11D pue Aleu 2dU3AdX3 S5
2dodS3apID (069'86) (359118 DEIPIRD SS3) -ownd pauiel] pey suepIsAyd
IV Yiedodpy 1odal) s597 $$97 —padusadxaun  -pasuauadxaun pasn pasn  [eudsoy-u| §L0Z-¥10T S31LIS Palun [17] e 1o zuer
8 ybnouyy
{7 Jeak 21enpesb
-150d woly
Buibues s|aA3)
Buiutess yum uofegniul 1oy
‘paredpiyied 90U3LISdX3 $59|
(359118 DEIPIRD 553 SMO|[94 1ybIo pey suepIsAyd i2d!
2dodsaplD 10dal) 5597 SS97 —paduauadxaun  -paduauadxaun pasn pasn  [eudsoy-u| €107-710C S91B1S PaluUN {EREYSIECIENIS
ISy ut
dINp 1a IA  siuexejps
ay3 azijensip 1sa4iedeipie)  Aemuie ynouypqg 10} @>uauadxy 1o} @>uauadxy JPPSN  |SY Ul SBAIRPIS N awi] A1uno> Apnis

(Panunuod) 1 3jqey



Page 10 of 18

(2025) 30:282

Yuan et al. European Journal of Medical Research

uoneqniul 9duanbas pides sy ‘Adodsobukie] 12a11p 7 ‘Adodsobukie] 0apip TA

(3seue oelpied

sadodsobuAie
35343 JO Yyoea Yam
Ajsnoinaid suon
-egniul [NJssad
-dNs Qg Ises)| 1e
3UOp pey oym
J018H1S9AUI Alew

uon
-eqgniul [NyssadoNs
0€ 1583] 18 BUOP

20-1A1d9 UOISN|OX3) 5597 ss97  -ld-padusuadxy  peH-padusLadxg pasn pasn  [eudsoy-uj 720t elpul  [€7] @19 BPNYS
(1s2.4B DRIPIRD $S3| eIsayl 1odai il
UoISIA Bury oy 1ioday) 5597 SS9 -SaUB-UMUONUN ON-UMmouyun pasn pasn  [eudsoy-uj 6107 elpu| [ 313 eJpulueleyg
uolegniul
AYy wnwiuiw jo - DYN-D buisn said
9ouUaladxa pey  -02s0buAle| 03PIA
(sadodsobukie))  Ayy wnwuiw jo
(3su1e deIpIed $35160|0ISaYISaUS  9DUDLAAXD peH
JVYW-D UOISN|OX3) 5597 $597 —podusiadx3 -pasusiadxy pasn pasn  [eudsoy-u| 8L0z-/10¢ elpu| [c1] e 19 AoQ
ISy ul
ERIETY 1a TN sluexejad
|y} azijensin jsaiedeipied Aemaienoyylg  Jojedusuadxy a0y sdusuadxy SPSNIN  |SY Ul S9AIEPRS IS swil Anuno) Apnis

(PanunUOd) | 3jqey



Yuan et al. European Journal of Medical Research

Study ID
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Fig. 2 Risk of bias summary

statistical difference in the first-attempt intubation suc-
cess rate was observed between the VL and DL groups
in the experienced operator subgroup (14 studies; RR,
0.98; 95% CI 0.89-1.08; n=3841; p=0.64; very low
certainty) (Figure S7, Table 2). In the -inexperienced
operator subgroup, there was an upward trend in the
first-attempt intubation success rate in the VL group,
but without a statistical difference (10 studies; RR,
1.11; 95% CI 0.99-1.24; n=1852; p=10.09; very low cer-
tainty) (Figure S7, Table 2). No significant difference
was found between the VL and DL groups in the VL
inexperienced subgroup (13 studies; RR, 0.99; 95% CI
0.84-1.15; n=2553; p=0.87, very low certainty) (Fig-
ure S8 Table 2). Similarly, there was an upward trend
in first-attempt intubation success rate in the VL group
in the VL experienced subgroup (6 studies; RR, 1.18;
95% CI 1.08-1.30; n=2119; p <0.01; very low certainty)
(Figure S8, Table 2). VL reduced the first-attempt intu-
bation success rate in the subgroup of operator profi-
ciency with DL over VL (4 studies; RR, 0.65; 95% CI
0.49-0.88; n=810; p<0.01; very low certainty). VL
increased the first-attempt intubation success rate in
the operator proficiency without difference between
the VL and DL subgroup (16 studies; RR, 1.14; 95% CI
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1.06-1.23; n=3971; p<0.01; very low certainty) (Figure
S9, Table 2).

Secondary outcomes

No statistically significant difference in the overall
intubation success rate was found between VL and
DL groups (19 studies; RR, 0.98; 95% CI 0.93-1.03;
n=4261; p=0.34; very low certainty) (Figure S10,
Table S4). Similarly, there was no significant differ-
ence in the intubation time between the two groups
(21 studies; SMD, —0.05; 95% CI —0.29-0.18; n=15273;
p=0.65; very low certainty) (Figure S11, Table S4). The
esophageal intubation rate of the VL group was signifi-
cantly lower than that of the DL group, with a statisti-
cally significant difference (13 studies; RR, 0.36; 95% CI
0.21-0.61; n=3376; p<0.01; moderate certainty) (Fig-
ure S12, Table S4). No statistically significant difference
in the aspiration rate was observed between the two
groups (7 studies; RR, 0.88; 95% CI 0.51-1.54; n =2463;
p=0.66; low certainty) (Figure S13, Table S4). No sta-
tistically significant difference in the hospital mortality
rate was found between VL and DL groups (6 studies;
RR, 1.04; 95% CI 0.93-1.18; n=2591; p=0.47; low cer-
tainty) (Figure S14, Table S4).
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VL group DL group

Study Events Total Events Total Risk Ratio RR 95%-Cl Weight
Trimmel H 2011 44 106 84 106 —+— 0.52 [0.41;0.67] 3.4%
Griesdale E.G. 2012 8 20 7 20 - 1.14 [0.51;2.55] 0.7%
Yeatts D.J 2013 242 303 259 320 -+ 0.99 [0.91;1.07] 5.4%
Arima T 2014 26 56 40 53 —m—— 0.62 [0.45;0.85] 2.6%
Ahmadi K 2015 45 49 36 48 o— 1.22 [1.02;1.47] 4.1%
Silverberg J.M 2015 41 57 24 60 . =———— 1.80 [1.27;2.55] 2.4%
Driver B.E 2016 86 92 91 106 —0— 1.09 [0.99;1.20] 5.2%
Goksu E 2016 56 75 4 75 f—— 1.27 [1.01;1.60] 3.5%
Kim J.W 2016 67 71 60 69 ! nan 1.09 [0.97;1.21] 51%
Sulser S 2016 73 74 73 73 + 0.99 [0.96;1.01] 5.7%
Janz D.R 2016 51 74 50 76 —.— 1.05 [0.84;1.31] 3.6%
Trimmel H 2016 83 168 136 158 —_— | 0.57 [0.49;0.68] 4.4%
Lascarrou J.B 2017 126 183 130 182 —_ 0.96 [0.84;1.10] 4.7%
Ducharme S 2017 26 45 27 37 —O-—I-- 0.79 [0.58;1.09] 2.6%
Gao Y 2018 55 81 57 82 —_— 0.98 [0.79;1.20] 3.8%
Abdelgalel E.F 2018 75 80 29 40 |Z—o— 1.29 [1.06;1.58] 3.9%
Grensemann J 2018 25 26 25 27 —70— 1.04 [0.91;1.18] 4.8%
Kreutziger J 2019 211 267 205 247 - 0.95 [0.88;1.04] 5.3%
Dey S 2020 91 108 63 110 D—— 1.47 [1.23;1.76] 4.2%
Macke C 2020 72 76 60 76 —o— 1.20 [1.06;1.36] 4.8%
llbagi M 2021 25 35 22 35 —_— 1.14 [0.82;1.58] 2.5%
Sanguanwit P 2021 57 78 47 80 —o— 1.24 [0.99;1.56] 3.6%
Prekker M.E 2023 600 705 504 712 .~ 1.20 [1.14;1.27] 5.5%
Dharanindra M 2023 70 73 57 70 —-0— 1.18 [1.04;1.33] 4.9%
Shukla A 2023 26 36 30 36 —_— 0.87 [0.68;1.11] 3.3%
Random effects model 2938 2898 <,f> 1.03 [0.96; 1.11] 100.0%
Heterogeneity: 12 = 87%, t° = 0.0221, p < 0.01 : ;

Test for overall effect: z = 0.89 (p = 0.37)

Favors DL group Favors VL group
Fig. 3 VL vs. DL for first-attempt intubation success rate. VL Video laryngoscopy, DL direct laryngoscopy, RR relative risk, C/ confidence interval

Discussion

In this study, VL did not significantly increase the first-
attempt intubation success rate compared with DL.
However, there was marked heterogeneity in the results.
Meta-regression analysis with an unadjusted model
showed that the primary sources of heterogeneity were
the time of the study, whether intubation was performed
in-hospital, cardiac arrest, and differences in operator
proficiency in the application of DL and VL. Multivariate
meta-regression analysis shows the result is influenced
by the operator proficiency with DL over VL, study site.
Sensitivity analysis excluding studies of operator profi-
ciency with DL over VL showed that the VL group had a
higher first-attempt intubation success rate than the DL
group. In the in-hospital subgroup, less-cardiac arrest

subgroup, main-difficult airway subgroup, higher 2018
subgroup, VL experienced subgroup, and operator profi-
ciency with no difference between VL and DL subgroup,
VL increased the first-attempt intubation success rate.
Meanwhile, VL reduced the probability of esophageal
intubation.

VL is a laryngoscope blade with a high-definition
camera mounted on the front end, which transmits the
image in front of the laryngoscope to a monitor [38].
VL has a better view than the traditional laryngoscope.
While the operator’s field of view is only 10—15 degrees
under DL, the VL expands the field of view to about
60-80 degrees, significantly improving the visibility of
the glottis [39]. VL has achieved good results in sur-
gical anesthesia applications, increasing the patient’s
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Table 2 VL vs. DL for first-attempt intubation success rate

Page 130f 18

First outcome Studies Patients Heterogeneity Heterogeneity statistical method Effect estimate (p value)
First-attempt intubation 25 5836 87%, p<0.01 Risk ratio (M-H, random, 95% Cl) 1.03[0.96-1.111 (p=0.37)
success rate
Sensitivity analysis 21 5026 86%, p<0.01 Risk ratio (M-H, random, 95% Cl) 1.11[1.04-1.19] (p<0.01)
Subgroup analysis

Intubation site

Pre-hospital 6 1395 94%, p<0.01 Risk ratio (M-H, random, 95% Cl) 0.75[0.56-1.00] (p=0.05)

In-hospital 19 4441 87%, p<0.01 Risk ratio (M-H, random, 95% Cl) 1.12[1.04-1.22] (p<0.01)
Difficult airway

Less 22 4976 89%, p<0.01 Risk ratio (M-H, random, 95% Cl) 1.02[0.94-1.11] (p=0.59)

Main 1 97 _ Risk ratio (M-H, random, 95% Cl) 1.22[1.02-1.47] (p=0.03)
Cardiac arrest

Less 19 4513 88%, p<0.01 Risk ratio (M-H, random, 95% Cl) 1.09 [1.00-1.18] (p=0.04)

Main 6 1323 93%, p<0.01 Risk ratio (M-H, random, 95% Cl) 0.85 [0.68-1.08] (p=0.18)
Study time

Lower2011 2 835 98%, p<0.01 Risk ratio (M-H, random, 95% Cl) 0.73[0.37-141] (p=0.34)

2011-2014 8 1177 92%, p<0.01 Risk ratio (M-H, random, 95% Cl) 1.02 [0.81-1.28] (p=0.85)

2015-2018 11 2040 80%, p<0.01 Risk ratio (M-H, random, 95% Cl) 1.06 [0.97-1.16] (p=0.19)

Higher2018 4 1784 53%, p=0.10 Risk ratio (M-H, random, 95% Cl) 1.16 [1.06-1.26] (p<0.01)
Operator proficiency for intubation

Experienced 14 3841 92%, p<0.01 Risk ratio (M-H, random, 95% Cl) 0.98 [0.89-1.08] (p=0.64)

Unexperienced 10 1852 63%, p<0.01 Risk ratio (M-H, random, 95% Cl) 1.11 [0.99-1.24] (p=0.09)
Operator proficiency for VL

Experienced 6 2119 68%, p<0.01 Risk ratio (M-H, random, 95% Cl) 1.18 [1.08-1.30] (p<0.01)

Unexperienced 13 2553 87%, p<0.01 Risk ratio (M-H, random, 95% Cl) 0.99 [0.84-1.15] (p=0.87)
Operator proficiency was higher for DL than for VL

No 16 3971 71%, p<0.01 Risk ratio (M-H, random, 95% Cl) 1.14 [1.06-1.23] (p<0.01)

Yes 4 810 85%, p<0.01 Risk ratio (M-H, random, 95% Cl) 0.65 [0.49-0.88] (p<0.01)

VL Video laryngoscopy, DL direct laryngoscopy, RCT Randomized controlled trials, RR relative risk, C/ confidence interval, M-H Mantel-Haenszel

one-time intubation success rate and reducing the risk
of esophageal intubation, ultimately achieving better
results in difficult airway patients and inexperienced
doctors [40, 41].

Critical patients often have difficulty in effective pain
relief and sedation, hemodynamic instability, severe air-
way contamination, severe hypoxemia, and other con-
ditions. Tracheal intubation of critically ill patients is
more difficult than that of surgical patients. Critically
ill patients have hypoxia, and rapid establishment of the
airway can help reduce hypoxia time and complications
such as atrial fibrillation, hypotension, aspiration, bleed-
ing, etc. [42]. The clinical application of VL in critically
ill patients remains controversial. Trimmel et al. and
Arima et al. reported that VL reduced the first-attempt
intubation success rate [13, 33, 37]. However, some RCTs
reported that VL can increase the first-attempt intuba-
tion success rate of critically ill patients [12, 24, 26, 36].
The discrepancies between the results may be attributed
to variations in in-hospital intubation rates, study time,

difficult airway ratio, respiratory cardiac arrest ratio, and
operator proficiency.

Our study found that VL did not increase the first-
attempt intubation success rate but with high levels of
heterogeneity. This result is consistent with that reported
in a previous study [10]. In contrast, Azam et al. found
that VL is a more effective and safer strategy than DL in
terms of improving the first-attempt intubation success.
This difference observed with our findings is likely due
to the inclusion of observational studies in Azam’s study
[43]. Meta-regression analysis with an unadjusted model
showed that this result was affected by different factors
such as in-hospital intubation, study time, respiratory
cardiac arrest ratio, and operator proficiency of VL and
DL. VL reduced the first-attempt intubation success rate
in the pre-hospital emergency subgroup (p=0.05) but
increased the first-attempt intubation success rate in
the in-hospital intubation patients. This result is similar
to the meta-analysis results of Jing et al. and Kim et al.
[9, 10]. Pre-hospital emergency intubation often faces
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Study Risk Ratio RR 95%-Cl P-value Tau2 Tau 12
Omitting Trimmel H 2011 — 1.06 [0.99; 1.13] 0.11 0.0196 0.1401 86%
Omitting Griesdale E.G. 2012 - 1.03 [0.96; 1.11] 0.39 0.0222 0.1490 88%
Omitting Yeatts D.J 2013 1.03 [0.96; 1.11] 0.38 0.0249 0.1577 88%
Omitting Arima T 2014 ¢ 1.05 [0.98; 1.12] 0.20 0.0214 0.1461 87%
Omitting Ahmadi K 2015 = 1.02 [0.95; 1.10] 0.50 0.0221 0.1487 88%
Omitting Silverberg J.M 2015 : 1.02 [0.95; 1.09] 0.59 0.0208 0.1441 87%
Omitting Trimmel H 2016 - 1.06 [0.99; 1.13] 0.08 0.0180 0.1341 85%
Omitting Driver B.E 2016 -+ 1.03 [0.96; 1.11] 0.45 0.0237 0.1540 88%
Omitting Goksu E 2016 ¢ 1.02 [0.95; 1.10] 0.51 0.0219 0.1480 88%
Omitting Kim J.W 2016 1.03 [0.96; 1.11] 0.44 0.0234 0.1529 88%
Omitting Sulser S 2016 1.03 [0.95; 1.12] 0.44 0.0328 0.1812 87%
Omitting Janz D.R 2016 * 1.03 [0.96; 1.11] 0.40 0.0225 0.1500 88%
Omitting Ducharme S 2017 = 1.04 [0.97;1.12] 0.28 0.0221 0.1487 88%
Omitting Lascarrou J.B 2017 ~ 1.04 [0.96; 1.11] 0.35 0.0231 0.1519 88%
Omitting Gao Y 2018 = 1.03 [0.96; 1.11] 0.36 0.0226 0.1502 88%
Omitting Abdelgalel E.F 2018 - 1.02 [0.95; 1.10] 0.53 0.0218 0.1475 88%
Omitting Grensemann J 2018 ‘ 1.03 [0.96; 1.11] 0.40 0.0231 0.1519 88%
Omitting Kreutziger J 2019 -+ 1.04 [0.96; 1.12] 0.35 0.0242 0.1557 88%
Omitting Macke C 2020 ¢ 1.02 [0.95; 1.10] 0.51 0.0223 0.1492 88%
Omitting Dey S 2020 1.02 [0.95; 1.09] 0.64 0.0203 0.1424 87%
Omiitting llbagi M 2021 + 1.03 [0.96; 1.11] 0.42 0.0223 0.1492 88%
Omitting Sanguanwit P 2021 * 1.03 [0.95; 1.10] 0.49 0.0220 0.1483 88%
Omitting Prekker M.E 2023 s 1.02 [0.95; 1.10] 0.53 0.0216 0.1469 85%
Omitting Dharanindra M 2023 = 1.03 [0.95; 1.10] 0.50 0.0225 0.1500 88%
Omitting Shukla A 2023 + 1.04 [0.97;1.12] 0.30 0.0223 0.1492 88%
Random effects model O 1.03 [0.96; 1.11] 0.37 0.0221 0.1486 87%

| I |
0.9 1 1.1

Fig. 4 Leave-one-out sensitivity analysis forest plot for first-attempt intubation success rate. VL Video laryngoscopy, DL direct laryngoscopy, RR

relative risk, C/ confidence interval

a series of problems. Trimmel et al. reported that the
main reason for the failure of VL intubation was oral
contamination, leading to insufficient light source and
lens fogging, as well as environmental light, which leads
to insufficient display brightness [13, 37]. Although VL
can better expose the glottis, it further complicates the
intubation process because the mouth, pharyngeal axis,
and laryngeal axis are not in a straight line, offsetting the
benefits of sufficient exposure [3, 22]. In-hospital intuba-
tion has some advantages over pre-hospital intubation,
such as adequate staff and external environment, timely
treatment of oral contamination, reduced camera fog-
ging, and sufficient analgesia and sedation for patients.
The different outcomes of pre-hospital and in-hospital
intubation may also be influenced by factors such as
study time and operator proficiency. Some studies in
the pre-hospital subgroup were completed before 2019,

and meta-regression analysis showed that the results
were more favorable to the VL group as the study year
increased. Additionally, in the pre-hospital subgroup,
although Trimmel et al. studies had operators with more
tracheal intubation experience, they only used VL for 2-5
cases under the operating room [13, 37]. In the study by
Arima et al. [33], half of the operators had VL experience
but significantly less than DL. It is likely that these opera-
tors may have some mastery of DL but to a lesser degree
compared with VL. After excluding studies with this phe-
nomenon [11, 13, 33, 37], sensitivity analysis showed that
VL increased the first-attempt intubation success rate of
critically ill patients. Whether VL can increase the first-
attempt intubation success rate of pre-hospital intubation
patients warrants further exploration.

The subgroup analysis on time demonstrated that
studies after 2018 tended to show that VL increased the
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Fig. 5 Meta-regression analysis bubble plot of study time and first intubation success rate
Table 3 The results of meta-regression analysis of unadjusted model
Factor Tau? Estimate 95%Cl p
Site-prehospital 0.02 -037 -053~-0.21 <0.001
Study time 0.02 0.03 0.01~0.05 <0.001
Difficult airway-Main 0.03 0.18 -0.20~0.56 0.347
Cardiac arrest-Main 0.02 -0.21 -0.38~-0.05 0.009
Operator proficiency for intubation-Unexperienced 0.02 0.13 -0.03~0.29 0.102
Operator proficiency for VL -Unexperienced 0.03 -0.18 -039~0.03 0.084
Operator proficiency was higher for DL than for VL 0.01 -052 -069~-035 <0.001

VL Video laryngoscopy, DL direct laryngoscopy, CI confidence interval

first-attempt intubation success rate. This may be related
to the increased experience of using VL after 2018. VL
was increasingly applied during the COVID-19 epidemic
to increase the distance between physicians and patients
and reduce the risk of infection [44]. Meanwhile, based
on the studies included in the analysis, the proportion of
experienced physicians in the VL group increased sig-
nificantly after 2018. In a multifactorial meta-regression
model, no significant difference in the study time was
found between the two groups, but there was a signifi-
cant statistical in operator proficiency between VL and

DL. The high effect of research time on the outcome may
be ascribed to the increase in VL usage experience.
Subgroup analysis suggested that patients with a lower
proportion of cardiopulmonary arrest were more likely
to benefit from VL. This result was different from that of
Kim et al. [10], mainly due to the inclusion of a study by
Prekker et al. [3], a large-sample, multi-center study in
which VL showed better performance than DL (3, 10].
Cox et al. and Jing et al. reported that VL can reduce
the rate of esophageal intubation [9, 45], which corre-
sponds with our results. This may be related to the better
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visual exposure of VL. Intubation under direct vision can
reduce the possibility of the tube entering the esophagus.

Although we found that VL did not improve the first-
attempt intubation success rate, the quality of evidence
is low due to the high heterogeneity among populations
enrolled in the respective studies and methods used. Pro-
ficiency is a major factor influencing the success rate of
first-attempt intubation. As clinicians become familiar
with the use of VL, its adoption will increase in multi-
ple institutions. Although the results do not support the
utility of VL in pre-hospital emergency care, the results
regarding the benefits of DL and VL differ across stud-
ies due to differences in operator proficiency. Therefore,
further studies are needed to clarify whether VL can
improve the success rate of first-attempt intubation in
prehospital emergency care.

Limitations

Firstly, due to the complexity of the study design, each
subgroup included different patients, differing in whether
they were intubated in the hospital, blade types, channel-
type VL, difficult airway proportion, cardiopulmonary
arrest proportion, and operator proficiency. These fac-
tors may bias the study results. In the subgroup analysis,
it was difficult to control other factors while controlling
for one factor, resulting in results with a high level of
heterogeneity. Secondly, there is no accurate and quan-
titative indicator for assessing operator proficiency, and
thus, the intubation level varied even among operators
who were rated as experienced. Moreover, it was difficult
to determine the number of VL in most studies, which
might reduce the robustness of results of the VL profi-
ciency subgroup.

Conclusions

In this study, VL did not improve the first-attempt intu-
bation success rate compared with DL, but this finding
may be affected by the high heterogeneity across studies,
the operator proficiency with DL over VL, and in-hos-
pital intubation. In addition, VL can improve the first-
attempt intubation success rate in in-hospital intubation,
difficult airway, non-respiratory cardiac arrest, and rich
experience in VL operation subgroups.
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