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Abstract

Background It is recognised that multiple attempts at intubation are associated with harm. However, it remains
unclear whether video laryngoscopy (VL) significantly improves pre-hospital tracheal intubation success compared to
direct laryngoscopy (DL) in critically ill patients. While operating theatre studies strongly favour VL, some pre-hospital
studies suggest it may worsen outcomes.

Methods This single-centre retrospective service evaluation included critically ill patients requiring pre-hospital
tracheal intubation by a UK-based Helicopter Emergency Medical Service (HEMS) Hampshire & Isle of Wight Air
Ambulance between 1st November 2018 and 22nd April 2024. This time period saw the introduction of VL with the
option to use it versus DL. Patient demographics, intubation indication, anaesthetic drugs, and intubation technique
(type of laryngoscopy, grade of view, number of attempts, and complications) were collated. The primary outcome
was first-pass success, comparing VL and DL groups, with significance set at p=<0.05.

Results We included 1,279 patients (median age 56, 69% male), of whom 478 (37%) received VL and 803 (63%)
received DL. The most common indication for intubation was low GCS (n=477 (39%). Overall, First-pass success was
92% (n=443) in the VL group and 84% (n=799) in the DL group. Since the introduction of VL in June 2022, both the
proportion of VL intubations and first-pass success rates have increased annually.

Conclusion Our findings support the routine use of VL for pre-hospital tracheal intubation.

Trial registration This project used routinely collected data and was registered with University Hospital
Southampton as a service evaluation SEV/0735, date of registration 16/07/2024.
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Background

Tracheal intubation remains the gold standard for air-
way management in critically ill patients. However, there
remains uncertainty as to which laryngoscopy technique
is superior to achieve successful tracheal intubation,
particularly in the pre-hospital setting. The majority of
recent in-hospital evidence suggests video laryngoscopy
(VL) is superior to more traditional direct laryngos-
copy (DL) across all major performance metrics, includ-
ing first-pass success rates, overall success rates, and
a decrease in harmful events such as oesophageal intu-
bation, hypoxia and hypotension [1-3]. The shift to VL
use has been widely reported across hospital settings,
including emergency departments, intensive care units,
and operating theatres [3-5]. Driving this change was
a Cochrane review by Hansel et al., which analysed 222
RCTs with over 26,000 intubations and clearly favoured
VL for performance and safety [1].

First-pass success rate is a metric widely used for
assessing intubation performance. Multiple intubation
attempts are associated with adverse events such as pro-
longed periods of hypoventilation, reduced oxygenation,
increased airway trauma, and oesophageal intubation [6,
7]. This is particularly significant in critically ill patients
who are already vulnerable to secondary brain injury,
where hypoxia, hypotension, and hypo/hypercapnia are
detrimental [8]. Showing direct correlation with first-
pass success and patient outcome is problematic as other
performance related care, such as poor haemodynamic
support, may confound findings. While first-pass suc-
cess rate does not directly measure patient outcomes, it
is used extensively throughout academic literature as a
measure of good quality care due to the strong links with
increased harm when this is not achieved.

Despite evidence favouring VL in the hospital setting,
there is still a lack of high-quality data for the global
adoption of first intention use of VL in delivery of pre-
hospital care [1, 9]. The most recent Cochrane review
concluded that the available prehospital evidence is too
heterogeneous to draw clear conclusions [1]. Some stud-
ies suggest VL inferiority, citing lighting issues, camera
fogging, and worse intubating conditions as potential
confounders [9, 10]. Additionally, much of the prehos-
pital literature is inconsistent, with studies varying in
the types of VL devices used (such as hyper-angulated
blades), clinician experience (paramedic and nurses with
limited training), and differences in organisational gover-
nance structures [9]. A lack of equipoise in the literature,
alongside clinician preference, have restricted uptake
of VL as the first-intention device and thus may only be
used as a rescue device.

Within the UK, prehospital critical care is deliv-
ered through a variety of models. Large portions of the
country are served by charity-funded, physician-led
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Helicopter Emergency Medical Service (HEMS) teams,
while others rely on ambulance service-led care, provided
by paramedics with some offering additional enhanced
care services [11, 12]. Furthermore, some areas of the UK
have both responses, and dependant on local dispatch
models either one or both may attend patients requiring
prehospital intubation.

Where there are differing current practice methods,
these should be examined to determine which methods
provide safe and consistent patient care. This service
evaluation aims to share intubation performance metrics
comparing the use of VL and DL, primarily focusing on
first-pass success rates following the adoption of VL as
the first-choice intubation device.

Methods
Study design
This single-centre retrospective cohort of critically ill
patients who required prehospital tracheal intubation
by the Hampshire & Isle of Wight Air Ambulance (HIO-
WAA). Data were collected from 1 November 2018 to 22
April 2024.

This project used routinely collected data and was reg-
istered with University Hospital Southampton as a ser-
vice evaluation SEV/0735.

Study setting

The study was conducted at Hampshire & Isle of Wight
Air Ambulance (HIOWAA), a UK-based air ambulance
service that provides critical care to patients experienc-
ing medical and traumatic emergencies. The team com-
prises HEMS Paramedics and Prehospital Emergency
Medicine (PHEM) Physicians, whose base specialities
include Anaesthesia and Emergency Medicine.

Hampshire and the Isle of Wight Air Ambulance (HIO-
WAA) is a charity-funded HEMS team that operates as a
care group within the University Hospital Southampton
governance system. This HEMS team responds to criti-
cally ill and injured patients covering an area with a large
population of 1.5 million people in 2022. A large portion
of these patients require airway management during car-
diac arrest or through delivery of prehospital emergency
anaesthesia (PHEA). It is therefore important to evaluate
clinical practice interventions, such as intubation perfor-
mance, to ensure patients receive best-practice care.

All physicians receive comprehensive training in airway
management, including time in surgical theatre settings
as part of their base specialities. Paramedics undergo ini-
tial training in theatre, achieving more than 25 successful
intubations during their training period, and continue to
participate in yearly placements. Ongoing competency
for all clinicians is ensured through mandatory airway
log maintenance by peer supervision, senior case review,
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annual appraisals, and adverse events reporting elec-
tronic systems.

Due to the Covid-19 pandemic, UK national guidance
issued in 2020 recommended VL as the primary device
for intubation to reduce viral load in aerosol-generating
procedures [13, 14]. Hampshire and the Isle of Wight
Air Ambulance (HIOWAA) thus adopted VL as the first
intention device for intubation. The final decision on
whether to use VL or DL was left to the discretion of the
individual clinician performing laryngoscopy. This prac-
tice was widely adopted where transition to this practice
may not have occurred in the absence of this national
recommendation.

The VL equipment available during the study included
the McGrath™ Mac video laryngoscope (Aircraft Medi-
cal Ltd., Edinburgh, UK) with size 1-4 reusable plastic
blades. Hyper-angulated X-blades were also available,
along with DL Macintosh blades in all standard sizes 1—4.

Study population

Patients (aged>18 years) who underwent prehospital
intubation by the HIOWAA team. This included patients
who were critically ill due to traumatic injuries or medi-
cal conditions. Patients were intubated either with the
use of anaesthetic drugs as part of a prehospital emer-
gency anaesthetic (PHEA) or without anaesthetic medi-
cation, such as during cardiac arrest.

Data collection

Data were collected retrospectively from clinical elec-
tronic medical records (HEMSbase, Medic One Sys-
tems Ltd, UK) HEMSbase database. Collected variables
included, patient demographics, indication for intuba-
tion, anaesthetic drugs used, intubation techniques,
including type of laryngoscopy, grade of airway view
(using the Cormack Lehane grading system), number of
attempts, and associated complications. We categorised
intubation indication as airway compromise, cardiac
arrest, clinical course, humanitarian, low GCS, respira-
tory failure, or unmanageable. Patients with incomplete
medical records were excluded from the analysis.

Outcome measures

The primary outcome was first-pass tracheal intubation
success rate with secondary outcomes, overall tracheal
intubation success, total number of intubation attempts,
airway view (Cormack-Lehane grading system), overall
intubation success rate.

Data analysis

Analysis was undertaken in R Studio [15]. The primary
cohort analysis was a direct comparison between the
VL and DL groups. The secondary cohort analysis com-
pared between professional groups as airway operator
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(anaesthetics vs. emergency medicine vs. paramedic),
with further sub-group analyses to compare VL vs. DL
for each group. Fisher’s exact test was used to generate
p-values to assess for statistical significance across the
direct and video laryngoscopy groups. These were pre-
sented as both the entire HEMS group and as the pro-
fessional backgrounds of the intubating clinician. The
Kruskal-Wallis rank sum test and Pearson’s Chi-squared
test were used to test for significant differences in demo-
graphic features such as age, weight and gender. ANOVA
was used to compare mean attempts across professional
groups. A p-value of less than 0.05 was deemed statisti-
cally significant for each analysis. Clinician background
information was unavailable for three attempts, so it
was excluded from the professional group comparison
but included in the entire HEMS group analysis. Of the
1279 cases included in the DL vs. VL comparison, 1237
records had information available on age, weight, gender,
Cormack-Lehane grade and indication for the intuba-
tion. In some instances, entries were not completed and
reported as unknown. This may be due to the informa-
tion not being available or poor record keeping.

Results VL vs. DL

Characteristics data is presented in Table 1. Informa-
tion was available for first-pass success, overall success
and mean number of attempts for 1279 individual entries
from HEMSBase over the defined study period. There
were 799 intubations in the DL group and 480 in the VL
group, with an overall first-pass success of 87% (n=1112).
The median age for the entire group was 56 years which
did not differ significantly across the VL or DL groups
(p=0.5). Weight was also similar across groups, with a
median of 80 kg. More males were intubated overall (69%
vs. 31%), with a similar distribution across the type of
laryngoscopic device used (p=0.2).

First-pass success for the entire HEMS group with
DL was 84%(n=669) vs. 92%(n =475) for the VL cohort,
which reached a significance level of p<0.001. Over-
all success improved significantly from 96 to 99% when
using VL, and the mean number of attempts reduced
from 1.20 to 1.09 across the entire HEMS group, with a
p-value of <0.001. The number of grade 1 views increased
using the VL from 70 to 92%, and grade IV views reduced
from 1.5 to 0.4% when using the VL. Patients who were
intubated with the indication of ‘cardiac arrest’ were DL
6.1% and VL 19% p < 0.001, and those with ‘low GCS’ DL
33% and VL 48% p < 0.001.

Professional group comparison

Data presented in Table 2. First-pass success increased
significantly across all groups: Anaesthetists (83% vs.
93%), Emergency Medicine (77% vs. 93%) and paramedi-
cine (83% vs. 91%). Overall success was also improved
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Table 1 VL vs DL characteristics data
Characteristic Overall N=1,279’ Direct N=799' Video N=480" p-value?
Age 56 (40, 68) 57 (40, 68) 55(41,67) 0.5
Unknown 114 96 18
Weight 80 (70, 90) 80 (70, 90) 80 (70, 90) 0.6
Unknown 27 1 26
Gender 0.2
Female 399 (31%) 260 (33%) 139 (29%)
Male 880 (69%) 539 (67%) 341 (71%)
Indication
Airway compromise 141 (11%) 96 (12%) 45 (9.4%) <0.001
Cardiac arrest 142 (11%) 49 (6.1%) 93 (19%) <0.001
Clinical course 34 (2.7%) 15 (1.9%) 19 (4.0%) 02
Humanitarian 2(0.2%) 0 (0%) 2 (0.4%) -
Low GCS 493 (39%) 261 (33%) 232 (48%) <0.001
Other 393 (31%) 333 (42%) 60 (13%) 0.72
Respiratory failure 51 (4.0%) 39 (4.9%) 12 (2.5%) 0.068
Unmanageable 22 (1.7%) 6 (0.8%) 16 (3.3%) 042
Unknown 1 0 1
View <0.001
Grade | 955 (76%) 549 (70%) 406 (86%)
Grade I 234 (19%) 177 (22%) 57 (12%)
Grade lll 56 (4.4%) 51 (6.5%) 5(1.1%)
Grade IV 14 (1.1%) 12 (1.5%) 2 (0.4%)
Unknown 20 10 10
Base Specialty <0.001
Anaesthetics 435 (35%) 305 (40%) 130 (28%)
Emergency Medicine 531 (43%) 344 (45%) 187 (40%)
Paramedicine 268 (22%) 120 (16%) 148 (32%)
Unknown 45 30 15
First Pass 1,112 (87%) 669 (84%) 443 (92%) <0.001
Success 1,232 (96%) 757 (95%) 475 (99%) <0.001
Mean Attempts 1.16 1.20 1.09 <0.001

'Median (Q1, Q3); n (%)
2Wilcoxon rank sum test; Pearson’s Chi-squared test; Fisher's exact test

and found to be significant across all groups: Anaesthe-
tists (96% vs. 98%), Emergency Medicine (94% vs. 99%)
and Paramedicine (94% vs. 99%). The paramedicine
group was the only group to see a slight but not statis-
tically significant increase in mean attempts when using
VL (1.11 vs. 1.16, p=0.32).

The anaesthetic group appeared to intubate younger
patients with a median age of 54 (IQR, 35-66) com-
pared with the Paramedicine cohort 59(IQR 47-70). The
intra-group difference between all clinician groups was
significant, with a p-value of 0.003. Weight and gender
distribution across groups were found to be non-signif-
icant. The anaesthetic group appeared to intubate more
grade IV views than the Emergency Medicine and Para-
medicine groups (1.9% vs. 1.1% vs. 0.0%). Low GCS was
the most common reason for intubation in 39% (1 =477)
of cases. Humanitarian reasons were the least used indi-
cation, appearing in only two cases (0.2%) across the
dataset. Paramedics intubated more patients in cardiac

arrest than any other group (7.5% vs. 7.7% vs. 25%). There
appeared to be a similar distribution across indications
for the Anaesthetic and Emergency Medicine groups.

Discussion

The data presented demonstrates that within this UK-
based, physician-led HEMS service, VL outperforms DL
in the delivery of tracheal intubation in all assessed pri-
mary and secondary outcomes. Overall, first-pass suc-
cess rates improvement from 84% in the DL group to 92%
in the VL group (p<0.001). Overall intubation success
rates improved significantly from 95 to 99% (p<0.001).
We observed improved glottic views across all clinicians,
regardless of their background specialty. Additionally, VL
appeared to be used preferentially for those indicated in
intubation due to ‘cardiac arrest’ DL 6.1% and VL 19%,
and those with ‘low GCS’ DL 33% and VL 48%. If clini-
cians preferentially use VL in situations with anticipated
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Table 2 Professional group comparison

Characteristic OverallN=1,237"  Anaesthetics N=438"  Emergency Medicine N=531"  Paramedicine N=268"  p-value?
Age 56 (40, 68) 54 (35, 66) 56 (41, 68) 59 (47,70) 0.003
Unknown 108 43 53 12

Weight 80 (70, 90) 80 (70, 90) 80 (70, 90) 80 (70, 90) 0.6
Unknown 26 9 7 10

Gender 04
Female 386 (31%) 141 (32%) 170 (32%) 75 (28%)

Male 851 (69%) 297 (68%) 361 (68%) 193 (72%)

Indication

Airway compromise 138 (11%) 50 (11%) 62 (12%) 26 (9.7%)

Cardiac arrest 140 (11%) 33 (7.5%) 41 (7.7%) 66 (25%)

Clinical course 33 (2.7%) 13 (3.0%) 17 (3.2%) 3(1.1%)

Humanitarian 2 (0.2%) 0 (0%) 2 (0.4%) 0 (0%)

Low GCS 477 (39%) 175 (40%) 218 (41%) 84 (31%)

Other 373 (30%) 139 (32%) 156 (29%) 78 (29%)

Respiratory failure 51 (4.1%) 19 (4.3%) 26 (4.9%) 6 (2.2%)

Unmanageable 22 (1.8%) 9 (2.1%) 9(1.7%) 4 (1.5%)

Unknown 1 0 0 1

View 0.2
Grade | 926 (76%) 331 (77%) 394 (75%) 201 (77%)

Grade |l 227 (19%) 72 (17%) 106 (20%) 49 (19%)

Grade lll 51 (4.2%) 19 (4.4%) 21 (4.0%) 11 (4.2%)

Grade IV 14 (1.1%) 8 (1.9%) 6 (1.1%) 0 (0%)

Unknown 19 8 4 7

First Pass 1,079 (87%) 385 (88%) 456 (86%) 238 (89%) 0.2
Success 1,191 (96%) 425 (97%) 506 (95%) 260 (97%) 03
Mean Attempts 1.16 1.16 1.16 1.14 0.735

"Median (Q1, Q3); n (%)

2Kruskal-Wallis rank sum test; Pearson’s Chi-squared test; Fisher’s exact test; ANOVA

difficult airways, then the overall increase in first pass
success with VL becomes more remarkable.

To the best of our knowledge this service evaluation
provides the largest data set of real-world application
of VL from a UK prehospital critical care team. This is
the first data set published of its kind and strengthens
the case for wider adoption of VL as the first intention
device for intubation in this setting. This service evalu-
ation also demonstrates that there was little to no varia-
tion amongst baseline specialities at overall first-pass
intubation attempts. However, it is conceivable that
anaesthetists tended to be first operator when faced with
predicted difficult airways and therefore this may account
for similarities seen across operating groups. These find-
ings align with the inter-changeable operator model
shown by Price who found similar first pass success rates
across these disciplines in the same context [16]. Addi-
tionally, it should be noted that paramedics were far more
likely to intubate during cardiac arrest (25%) compared to
anaesthetic and emergency medicine backgrounds (7.5%
and 7.7% respectively), however this appears not to influ-
ence first pass and overall intubation success rates.

Our findings correspond with increasing evidence from
in-hospital studies, including a 2022 Cochrane review,

that illustrates the advantages of VL over DL [1]. The
hospital-based studies within this review consistently
showed improved glottic views, higher first-pass success
rates, and fewer complications with VL. De Jong who
published a large real-world observational study of over
26,000 patients showed significant improvements when
using VL with an absolute improvement of ‘easy’ intuba-
tions increasing from 94.7 to 98.7%. This data shows a
2-times improvement aligning with the improvement our
data shows [5].

One systematic review and meta-analysis of ran-
domised controlled trials comparing VL and DL in criti-
cal care settings (both pre and in hospital) found that VL
was superior in the in-hospital setting but not in the pre-
hospital context [2]. It is interesting to note that among
the prehospital studies, the devices that performed worse
with VL were either using hyper-angulated blades, which
differ from the McIntosh style we used, or were in teams
with limited intubation experience and thus it is hard to
compare results.

However, two of these studies used Mclntosh-style
blades and were physician-led, making them more
comparable to our findings. Macke et al. reported an
improvement in first-pass success rates from 79% with
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DL to 95% with VL (p=0.007) [17], similar findings to
those observed in our dataset. Conversely, Kreutziger et
al. (2019) [18] found no significant difference between
DL and VL, with first-pass success rates of 83% and 79%,
respectively. However, this lack of improvement may be
attributed to other factors such as camera fogging, poor
ambient lighting affecting screen visualisation, and diffi-
culties advancing the tracheal tube through the pharynx
and larynx. Despite these obstacles, they found VL still
provided better glottic visualisation. Moreover, the ini-
tial training clinicians received with the VL devices in
that study remains unclear. As VL becomes more widely
adopted in hospital practice, it is likely that these chal-
lenges will be mitigated through improved training and
education, leading to better overall performance.

Previous studies have reported mixed results regarding
the efficacy of VL, with some suggesting no advantage or
even worse outcomes compared to DL. A 2017 system-
atic review and meta-analysis by Jiang et al. found that
VL did not improve first-attempt success rates in emer-
gency and critical care patients and was associated with
worse outcomes in the prehospital setting, particularly
when used by experienced operators [19]. The study attri-
butes these findings to factors such as device variabil-
ity, challenges with airway secretions, and differences in
operator familiarity with VL. They did however find bet-
ter glottic visualisation. The discrepancies between our
findings could be due to the clinician’s familiarity with
the device. As clinicians become more experienced with
VL, techniques may be utilised to improve the advance-
ment of bougie and tracheal tube past the vocal cords.

These data support use of VL as first intention device
for intubation in high-performing, well-governed UK-
based prehospital critical care teams. All UK-based
critical care teams should consider adaptation of local
guidelines and standard operating procedures to include
VL with Mclntosh style blades for first intention device,
and at a minimum have this device available as a rescue
device.

We did not assess laryngeal manipulation of either
device which may account for physiological changes
such as bradycardia following vagal stimulation or pain
response such as tachycardia and hypertension following
laryngeal manipulation during intubation. We also did
not assess for other safety measures such airway trauma,
c-spine manipulation, hypoxic events, hypotensive events
or spikes in ICP. Further research could also include out-
come data whereas we used surrogates. Additionally,
patient injury type was not assessed for variance across
patients presenting illness.

Being a retrospective service evaluation, this study has
inherent limitations. As it relied on accurate documen-
tation in medical records, it is susceptible to reporting
bias, as data quality depends on how consistently and
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accurately cases were recorded. Clinicians were free to
choose their preferred intubation device, which may
have introduced selection bias. It is possible that those
less familiar or confident with VL were more likely to
continue using DL, potentially skewing the results. Addi-
tionally, the study period overlapped with the COVID-19
pandemic, during which VL adoption was accelerated
due to recommendations to reduce aerosol-generating
procedures. This shift may have coincided with enhanced
training and governance measures, contributing to over-
all improved intubation performance and potentially
confounding the findings.

The study used surrogate metrics such as first-pass suc-
cess rates and glottic visualisation as indicators of intu-
bation effectiveness. While these are widely accepted
benchmarks, they do not capture broader clinical out-
comes such as patient survival, complications, or long-
term morbidity. Additionally, outcome metrics such as
hypotension and hypoxia during intubation attempt were
not routinely collected and thus these measures were not
analysed. It should also be noted the Cormack-Lehane
glottic grade is not a validated method of use in glottic
visualisation using VL, however reporting systems still
use this grading system and thus it has been used within
this service evaluation. Importantly, one can sometimes
‘see but can't intubate’ when using a VL with a ‘grade 1
view’

Furthermore, individual clinician performance was not
assessed, meaning that a small number of poor perform-
ers could have influenced the results. However, given the
large sample size and consistent proficiency across cli-
nician backgrounds, this is unlikely to have significantly
impacted the overall findings.

Conclusion

This service evaluation supports the routine use of VL
over DL for prehospital tracheal intubation in a UK
HEMS setting. VL demonstrated higher first-pass suc-
cess rates, improved glottic visualisation, and fewer intu-
bation attempts, with benefits seen across all clinician
groups. These data support adoption of VL by appropri-
ately trained and governed prehospital providers, echoing
movements seen across hospital departments. Further
research is needed to adjust for potential confounders.
However, this change appears to be safe and thus could
be adopted through quality improvement methodology
as seen in this instance. In the absence of widespread
evidence, this practice should only be adopted by organ-
isations with robust education, training, and governance
standards to ensure safe and effective implementation.

Abbreviations

VL Video laryngoscopy
DL Direct laryngoscopy
HEMS Helicopter emergency medical services
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PHEA Prehospital emergency anaesthesia

GCS Glasgow coma scale

RCT Randomised controlled trial

UK United Kingdom

HIOWAA  Hampshire &isle of wight air ambulance
NHS National health service

NIHR National institute for health and care research
PHEM Prehospital emergency medicine

ICP Intracranial pressure
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