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Background: Videolaryngoscopes increased the safety of patients requiring endotracheal intubation. Their particular beneficiaries are
healthcare providers inexperienced in intubation. We compared the learning curve of McGrath, UESCOPE, and Airtraq VLs among
the first-year anesthesiology residents.

Methods: Sixteen residents were qualified for the study, none of whom has ever before used any VL nor had any experience with the
Macintosh laryngoscope. The study was conducted during anesthesia without anticipated intubation difficulties and included 288 adult
patients with BMI <25 and ASA < II, without visible intubation difficulties. It was a randomized, controlled, and blinded crossover
study. Each resident performed six intubations with a given VL in randomized order.

Results: There were no statistically significant differences in patient characteristics. In McGrath there was observed significant
improvement of intubation time, confirmed intubation time, ease, POGO scale, effective intubation, thyroid pressure application, and
intubation trauma. Intubation efficacy increased from 12 (75%) at first attempt, to 16 (100%) during third and following attempts.
Residents used pressure 6 times (38%) during first attempt and 7 times (44%) during second attempt, and 1 (6%) at last attempt.
McGrath traumatism was noticed in 4 (25%) patients at first two attempts, none during third and following attempts. In Airtraq, we
observed a significant improvement of intubation time, time of confirmed intubation, force used, ease, effective intubation, and
application of pressure to thyroid cartilage. Intubation efficacy increased from 10 (62%) during the first to 16 (100%) during the
following attempts. Thyroid pressure was applied 7 times (44%) during first intubation and 0 times during the last two attempts. In the
case of UESCOPE VL, we observed a significant improvement of intubation time, time of confirmed intubation, force used, and ease.
Conclusion: Results demonstrated that Airtraq VL having the best learning curve, and UESCOPE having the best first-time use. The
results require confirmation in a larger study group. This study was approved on 14 November 2023 by the Medical University of Lodz
Bioethics Committee (ref: RNN/160/23/KE).
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Introduction

The basic skill that every young anesthesiologist must master is endotracheal intubation." It determines the proper opening of
airways and reduces the occurrence of complications related to anesthesia.”* Since the 1940s, the most common technique
used to perform endotracheal intubation is direct laryngoscopy (DL) using a Macintosh blade (MAC).? It involves direct
visualization of the glottis using a laryngoscope and requires alignment of: the axis of the intubator’s eyes, the patient’s oral
cavity, pharynx, larynx, and glottis. This is quite a difficult technique that requires constant improvement and constant
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practice." At the end of the 20th century, videolaryngoscopes (VL) appeared and gradually became more and more available,
which are based on the technique of indirect laryngoscopy utilizing a camera.>> To perform endotracheal intubation in this
case, it is not necessary to maintain the axis of the intubator’s line of sight and the patient’s glottis.” The number of new VL
models introduced is growing every year, therefore they are becoming more and more available and common in practice.” In
patients with suspected difficult airways, there is no doubt that utilizing a VL is connected with obtaining better visibility of the
glottis, increasing the effectiveness of the first intubation attempt and less trauma to the mucous membrane than in the case of
classic MAC.>° On the other hand, it is worth noting, that better visibility of the glottis does not guarantee easy intubation.””*
Guidelines of many anesthesiology societies recommend that all anesthesiologists be trained in the use of VL, so that they are
widely accessible and always used in the event of intubation difficulties.> Some societies even recommend using VL as the
primary instrument in all cases of extramural intubation.’ For young anesthesiology residents, episodes of difficult airway
management should be expected to occur more frequently than in experienced intubators.'® Therefore, it is necessary to
implement the process of teaching them [using these devices] as soon as possible to try to eliminate cases of prolonged or
ineffective intubation. This will reduce the number of potential complications and improve the safety of anesthesia, especially
since the presence of a monitor and simultaneous view of the airway structures by the supervising and intubating person also
allows for quick correction of errors made by those learning.” This is particularly important because the greatest benefits are
expected when VL are used by inexperienced intubators.”'®'* The effectiveness of various VLs can vary significantly and
may depend on prior experience and individual intubator predispositions, particularly on the level of visual-motor
coordination.®!*> Both the learners themselves and, even more so, experienced anesthesiologists supervising them often do
not know about the presence of many of these variables.” Therefore, at the initial stage of training, it is necessary to choose
a VL, among many available on the market, that will ensure the fastest learning curve for young anesthesiology residents. This
will impact the speed of intubation and reduce the possibility of complications.*'%'¢

In our study, we evaluated the learning curve of CL among young anesthesiology residents (first-year residents), who
have previously not used VL, lacking experience using a classical MAC laryngoscope. For this study, we utilized one of the
three VL’s available on the market, those being: Macintosh-style - McGrath MAC (MGT), Hyperangulated - UESCOPE
(UES) and Channelled - Airtraq (ARQ).'* The selected VLs are among the most frequently used in everyday clinical
practice.'’ Assessment of the learning curve in this group of intubators and the selection of the most optimal VL are
important because currently available VLs do not ensure 100% intubation effectiveness and are not a cure for all airway
problems in patients. Observational studies have shown that the effectiveness of intubation using VL among all healthcare
providers ranges from 85% to 100%, and the effectiveness of first-time intubation ranges from 51% to 100%."®

The aim of our study was to assess the learning curve of VL subjects, based on the results obtained, by young
anesthesiology residents. We presented a research hypothesis that the speed of learning videolaryngoscopes among young
anesthesiology residents is not influenced by the device they start learning with. The primary outcome of the study was
successful intubation in the shortest time.

Materials and Methods

Study Settings

The study was approved by the Bioethics Committee of the Medical University of Lodz (No RNN/160/23/KE from
14.11.2023). It was carried out in the Central Operating Block of the University Clinical Hospital No. 1. Norbert Barlicki
in £odz. VL learning curve assessment was performed among 16 young anesthesiology residents (first year of
specialization) who had never used VL before and had no experience with clinical MAC. Each assessed resident
performed six intubations with a given VL in a randomized order. For the study, we used one of the three types of
VL available on the market, namely: Macintosh-style - McGrath MAC (MGT) (Aircraft Medical 1td. Edinburgh, Great
Britain), Hyperangulated - UESCOPE (UES) (Zhejiang UE Medical Corp. Zhejiang, China), Channelled - Airtraq (ARQ)
(Prodol Meditec S.A., Vizcaya, Spain). The study was a randomized, controlled, blinded crossover study. No. 7 Covidien
LLc endotracheal tubes, Hampshire Street, Mansfield, MA 02048 USA, were used for intubation. An intubation guide
from Sumi ® sp. z 0.0. ul. was prepared as a stylet for the endotracheal tube Drobiarska 35, 05-070 Sulejowek, Poland. In
each case, the endotracheal tubes were used in conjunction with standard lubricant. In the case of channelled VL ARQ, in
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order to standardize the examination protocol, it would be possible to use an intubation guide located in the lumen of the
endotracheal tube at the intubator’s request; contrary to the manufacturer’s recommendations.

The order in which VLs were used was randomly selected each time using sealed opaque envelopes. The blocked
randomization strategy was generated using the Randomizer program (randomizer.org). To ensure the proper course of
the study and safety of patients, oversight was provided by two anesthesiologists with over 20 years of experience.

Before partaking in the study, all participants listened to a 30-minute lecture on the structure of VLs, the rules of using
them, as well as the anatomical structure and the method and technique of intubation. After the presentation, the instructor
demonstrated the correct intubation for each of the 3 VLs tested. Then, under the supervision of the instructor, the young
residents participated in the workshop portion, where they had the opportunity to intubate each of the examined VL manikins
(Laerdal Airway Management Trainer Stavanger Norway with a universal level of difficulty) placed on the operating table at
the optimal height for each participant in the study. If necessary, participants of the study were able to use the standard
intubation guide and apply pressure to the thyroid cartilage to improve visualization of the glottis and make intubation of the
patient easier. The study included adult patients (over 18 years of age), with BMI <25 and ASA <1II, without visible intubation
difficulties, who qualified for planned surgical procedures under general anesthesia with endotracheal intubation, who gave
informed, voluntary consent to participate in the study. Patients: with BMI > 25, ASA 1III, and above, Mallampati scale >3,
with an oral fissure opening less than 4 cm, with injuries of the cervical spine or for surgery on the cervical spine, with
increased intraocular and intracranial pressure, with vascular changes in the CNS and other parts of the body, with diagnosed
pathology of the respiratory tract, after surgery of the mouth, throat, larynx, during pregnancy, with indications for urgent
surgical intervention, who do not consent to participate in the study will be excluded from participation in the study. The
following were measured in patients: weight, height, BMI, mouth opening, Mallampati scale. To assess the visibility of the
glottis, the Cormack-Lehane scales and the percentage of glottal opening (POGO scale) were used, which allows for a better
assessment of the entry into the airway in patients with partial glottic visibility, which may also provide a better assessment of
the results obtained by the tested VL.

After transporting the patient to the operating theatre, the envelope was opened, and the patient was qualified for the first
intubation with one of the three VLs: MGT, UES, or ARQ. All patients during induction of anesthesia were under standard
monitoring: heart rate (HR), non-invasive blood pressure measurement (NIPC), blood saturation (SpO2). Those qualified for
the study were subjected to a standardized technique of induction of anesthesia: preoxygenation 100% oxygen for 3 min,
fentanyl (FNT) 1.5 pg/kg iv, Propofol 2.5 mg/kg iv, and rocuronium bromide 0.6 mg/kg iv after confirming adequate
ventilation through the face mask. Bag-mask ventilation with 100% oxygen and 2% inhaled sevoflurane was continued for
3 min. After achieving complete neuromuscular blockade, confirmed by the loss of the entire sequence of four responses using
a peripheral nerve stimulator (Innervator Constant Current Peripheral Nerve Stimulator, Fisher & Paykel Health Care System,
New Zealand), the intubator began to perform endotracheal intubation with one of the three randomly selected VLs. Once the
patient was intubated, they were connected to an anesthesia machine, and anesthesia was continued. If the patient was not
intubated, the attempt was recorded as unsuccessful and the patient was intubated by an anesthesiologist with twenty years of
clinical experience who supervised the entire course of anesthesia. The intubation attempt was interrupted and recorded as
unsuccessful if, at any stage, the anesthesiologist supervising the patient’s safety considered that the patient’s life and/or health
could be threatened. The following data was registered in a pseudonymized manner for all simulations: intubation time (T1) -
from the moment the VL blade is placed between the patient’s teeth until the patient is intubated, total intubation time (Tt) -
from the moment of placing the laryngoscope blade between the patient’s teeth to confirming the patient’s intubation by
assessing chest respiratory movements and exhaled CO2 level, effectiveness of intubation (Ei) (yes/no) by assessing chest
respiratory movements and expiratory CO2 level, instrument trauma - presence of blood-stained blood secretions on the VL
blade after removing it from the patient’s mouth, assessment of the visibility of the glottal gap based on the Cormack-Lehane
scale and the percentage of glottal opening scale (POGO scale), the use or not of a guide during intubation, and the need to put
pressure on the thyroid cartilage. After completing the study, the intubators were also asked about their impressions: the force
necessary to intubate the patient (on a scale from 1 to 10, where 1 - no strength, 10 - maximum force) and the ease of using the
VL (on a scale from 1 to 6, where 1 - The greatest ease, 6 - The greatest difficulty). The obtained data were saved and subjected
to statistical analysis.
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The aim of our study was to assess the learning curve of VL subjects, based on the results obtained, by young
anesthesiology residents.

Safety Conditions

In addition to the experienced team, all available devices were prepared for the intubation of patients with typical and
difficult airways. Additionally, to prevent desaturation during endotracheal intubation, we used a high-flow nasal catheter.
This method is used to extend the safe apnea time during endotracheal intubation. In the event of any difficulties and if
the patient’s health and life were at risk, a second anesthesiologist with over 20 years of clinical experience supervising
the patient’s safety could interrupt the examination at any stage of its duration and intubate the patient and connect him/
her to an anesthesia machine. In addition, a set was prepared for the difficult airways with supraglottic devices,
videolaryngoscopes and intubation guides. If intubation failed, Sugammadex was prepared to quickly reverse the
neuromuscular blockade.

Statistical Analysis

Nominal data were presented as n (% of total) and tested using online tools: https://quantpsy.org/. As the distribution of

all continuous variables was other than normal (Shapiro Wilk’s test <0.05), they were shown as median with
interquartile range (IQR) and were further tested with Kruskal-Wallis test with Dunn’s post hoc test for the comparison
of independent variables and The Friedman ANOVA with proper post hoc test otherwise. All calculations were made
using Statistica 13.1PL (StatSoft, Tulsa, OK, USA). P < 0.05 was considered statistically significant unless otherwise
stated.

Results

Sixteen first-year anesthesiology residents were asked to intubate 18 patients with 3 different laryngoscopes (McGrath,
Airtraq, and UESCOPE) 6 times each. Laryngoscopes for every single intubation were selected randomly. Two hundred
eighty-eight patients (164, 56.94% females) with a median age of 47.00 years (IQR:37.00-58.00) were enrolled in the
study (see Figure 1 for inclusion and exclusion criteria and Tables 1 and 2 for further details).

McGrath Learning Curve

Regarding McGrath laryngoscope, we observed significant improvement in intubation time (p < 0.001), time to confirm
intubation (p < 0.001), ease of use (p = 0.001), POGO scale (p = 0.018), intubation effectiveness (p = 0.011), the need to
use compression of the thyroid cartilage (p = 0.004), and intubation traumatism (p = 0.024). The differences for
continuous variables are shown in Figure 2. Intubation effectiveness increased from 12 (75%) in the first to 16
(100%) in the third and subsequent intubations. Residents required usage of compression of the thyroid cartilage 6
times (38%) in the first and 7 times (44%) in the second attempt to 1 (6%) in the last one. Finally, intubation traumatism
was observed in 4 (25%) patients during both the first and second intubation and none (0%) in the third and subsequent
intubations.

Airtraq Learning Curve

Regarding Airtraq laryngoscope, we observed significant improvement in intubation time (p < 0.001), time to confirm
intubation (p < 0.001), used force (p < 0.001), easiness (p < 0.001), intubation effectiveness (p < 0.001), and the need to
use of compression of the thyroid cartilage (p = 0.007) (Figure 3). Intubation effectiveness increased from 10 (62.5%) in
the first to 16 (100%) in the third and subsequent intubations. The thyroid cartilage compression was used 7 times (44%)
during the first and 0 (0%) in the latest two intubations with Airtraq.

UESCOPE Learning Curve

Regarding UESCOPE laryngoscope, we observed a significant improvement in intubation time (p < 0.001), time to
confirm intubation (p < 0.001), used force (p < 0.001), and ease of use (p < 0.001) (Figure 4).
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Figure | The study flow-chart.
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Table | The Study Group Characteristics

Residents’ Characteristics

Age 28 (IQR: 27-28)
Sex [female] 10 (62.5%)
Previous specializations: | 0 (0%)

Patients’ characteristics

Sex [female] 164 (56.94%)

Age [years] 47.00 (IQR:37.00-58.00)

Weight [ke] 68.00 (IQR:62.00-76.25)
Height [cm] 170.00 (IQR:165.00—178.00)
BMI [kg/m2] 23.70 (IQR:22.50-24.20)

Mallampati scale | 107 (37.15%)

2 | 181 (62.85%)

Notes: As the patients were randomly assigned to resident and
laryngoscope, there were no significant differences in basic character-
istics (sex, age, weight, height, BMI, and Mallampati score) between
patients intubated with selected laryngoscopes (see Table 2).
Abbreviations: BMI, body mass index; IQR, interquartile range.

Table 2 The Differences in Basic Group Characteristics Between Groups of Patients Intubated with the Usage of
Tested Laryngoscopes: McGrath, Airtraq, and UESCOPE

McGrath Airtraq UESCOPE p-value
Sex (female) 57 (59.38%) 54 (56.25%) 53 (55.21%) 0.831
Age [years] 47.50 (IQR:38.50-57.25) 47.00 (IQR:39.00-58.00) 47.00 (IQR:37.00-59.25) 0.990
Weight [kg] 68.00 (IQR:60.00-76.25) 68.00 (IQR:62.00-77.00) 69.00 (IQR:61.50-76.00) 0.991
Height [cm] 170.00 (IQR:165.00-178.00) | 170.00 (IQR:166.00-178.25) | 170.50 (IQR:165.00-178.00) | 0.854
BMI [kg/m2] 23.80 (IQR:22.58-24.30) 23.70 (IQR:22.50-24.20) 23.55 (IQR:22.58-24.23) 0.627
Mallampati score | | | 31 (32.29%) 43 (44.79%) 33 (34.38%) 0.159
2 | 65 (67.71%) 53 (55.21%) 63 (65.63%)

Abbreviations: BMI, body mass index; IQR, interquartile range.

Differences Between Used Laryngoscopes

We observed the following differences between the first usage of selected laryngoscopes: time to confirm intubation
(p = 0.022), ease of use (p < 0.001), POGO (p = 0.025; see Figure 5), and the necessity to use laryngoscope guide
(0.005).

During the last intubation, the following differences were noted: intubation time (p = 0.019), time to confirm
intubation (p = 0.002), force (p < 0.001; see Figure 6), and the necessity to use both thyroid cartilage compression
(p = 0.018) and laryngoscope guide (p < 0.001).

Regarding, the improvement between the first and last intubation, we observed differences only in intubation
easiness — the change was the biggest for Airtraq 2 (IQR: 1-2) vs UESCOPE 0 (IQR: 0-1) and McGrath 1 (IQR:
0-3; p-value of 0.0101 for Kruskal-Wallis test).
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Figure 2 Significant differences in following parameters during intubations with the usage of McGrath laryngoscope: (A) intubation time, (B) time to confirm intubation, (C)
easiness, (D) POGO.

Discussion
There are many studies in the available literature, including meta-analyses, comparing the use of DL with different types
of VL when used by different users: from experienced anesthesiologists to those with little or no experience in
intubation.>>*!%13715 QOlder literature contains statements that VL have a significant advantage over DL only in the
case of difficult airways.> In the case of patients with normal airways, especially among experienced intubators, this
difference does not exist or is only slightly marked in favor of VL.? In recent years, the prevailing view is that VLs of all
types probably reduce the rate of failed intubations while increasing the rate of successful first-time intubations.'* Thanks
to these devices, it is also possible to obtain better visibility of the glottis in various patients and in various clinical
situations. This applies to both patients intubated in the operating theater and in intensive care units.'*'" However, it is
not possible to clearly indicate on the basis of meta-analyses which type of VL is better than another in patients with
normal and difficult airways.®'*'® Many authors believe that the less experienced in intubating a person, using a VL, the
greater the benefit from their use because they provide better visibility of the glottis than DL.%°

In literature, it can be found, based on small groups of respondents, indications that one VL may be better than
another, and another model is more difficult to use than the next one and requires longer learning time to use it.'>*'"** In
most cases, VLs were assessed by anesthesiologists with prior experience with MAC. These experiences and the different
intubation technique used when using DL may have influenced the good effectiveness and positive feelings from the use
of these VLs with a structure similar to the DL, and discredit those with a different structure.® However, there is no
literature comparing the learning curve of various VLs among young anesthesiology residents whose ability to use them
was assessed during anesthesia for planned surgical procedures. In existing works, the reference point was always the
MAC laryngoscope and not another VL. There is also no indication of which VL is most beneficial for use among these
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Figure 3 Significant differences in following intubations with the usage of Airtraq laryngoscope. (A) intubation time, (B) time to confirm intubation, (C) force, (D) easiness.

inexperienced intubators. This is particularly important because, due to their limited experience, representatives of this
group of healthcare providers more often encounter intubation difficulties, and sometimes their first use of VL may
decide about the patient’s life and health.**

According to this criterion, in our study, the fastest learning based on the fastest Ti and Tt (approximately 40s and
60s) in the first attempt is the UES. P with subsequent uses, these times are reduced to approximately 20s and 40s in the
last—sixth attempt—respectively. At the same time, when used for the first time, it is the easiest VL to use, which also
allows for better visualization on the POGO scale than MGT (and similar to ARQ). It is also the VL that requires the use
of the least force when the research participant has learned to use it (sixth attempt). Pan has come to a similar conclusion,
who found that UES increases the skills of inexperienced intubators. Pan demonstrated, that for emergency intubation
using UES, differences between untrained and experienced providers were not statistically significant with respect to
increased esophageal intubation rates, prolonged intubation times, and complications.'* According to other authors, UES
provides a better view of the larynx, a higher percentage of successful intubation, shorter time of visualization of the
larynx and intubation, and also reduced the need for pressure on the thyroid cartilage compared to DL and other VL."

If we choose the learning curve as the criterion of usefulness for young anesthesiology residents, ie which of the VL
data allows the intubator to learn the technique of using it the fastest in subsequent attempts and which of the tested
devices allows obtaining the best parameters in the last, sixth intubation, then in this case the VL ARQ turned out to be
the fastest to learn which allows to obtain a much shorter Ti time than UES and Tt shorter than MGT and UES. It is also
VL, which in subsequent applications requires the use of less force but achieves similar visibility of the glottis. This is
related to faster acquisition of skills in using it. Our data on the learning curve when using the ARQ are similar to those
obtained by Di Marco, who showed that the ARQ has a better learning curve than the MAC for young anesthesiology
residents and is also easier and faster to use than the DL."" Similar conclusions were reached by Lu and Nowicki, who
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Figure 4 Significant differences in following parameters during intubations with the usage of UESCOPE laryngoscope. (A) intubation time, (B) time to confirm intubation,
(C) force, (D) easiness.

believe that among people with little or no experience in intubation, this VL provides a faster learning curve, faster and
more effective intubation, reduces the risk of inserting the endotracheal tube into the esophagus, and reduces the risk of
complications.”>2® Other authors believe that this VL cannot be recommended for people without experience in
intubation because it requires a much longer learning process than indicated in the anesthetic literature. However, they
reached their conclusions based on their experience with a study group, which was dominated by healthcare providers
with extensive experience in classic DL intubation with a MAC blade, and these experiences had an impact on the use of
ARQ, which requires a completely different application technique.?”-*®

In the case of VL MGT, Ti, and Tt times during the first intubation are similar to ARQ and are above 60s and above 80s,
respectively. During subsequent intubation attempts, progress is visible in the achieved times, reaching approximately
20 seconds and approximately 40 seconds during the sixth intubation. Learning to use this VL involves obtaining better
visibility of the glottal fissure according to the POGO scale. Obtaining increasingly better intubation times in this VL is
associated with the recognition of subsequent intubation approaches as more difficult. This may be related to the structure of
this VL, which is most structurally similar to MAC, but requires a different application technique. The inability to intubate
the patient as quickly as would result from the increasingly better visibility of the glottis causes subsequent intubations to be
considered more difficult. Similarly, in literature, we can find different data on the effectiveness of intubation using MAC and
MGT. According to some data, this VL is comparable to MAC and other VLs, has similar effectiveness, and these are
complementary devices.>*** According to others, the use of MGT compared to DL improves the efficacy of first-pass
endotracheal intubation in patients undergoing elective surgery and may be considered as the first-choice device during
endotracheal intubation.?’ % A similar situation was observed in patients who underwent rapid induction of anesthesia, both
by experienced intubators and inexperienced clinicians.***' The results obtained when using VL MGT and UES may be
influenced by differences in the structure of both VLs, namely a more curved blade and a more movable monitor in the case
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of UES, as well as a different technique of using them.” According to Hansel, hyperangulated VLs, which include UES, were
more likely to limit esophageal intubation, may increase the effectiveness of the first intubation attempt, and also improve the
view of the glottis than other types of VLs."*

Our study has several strengths. These include carrying it out in real conditions, in the operating theater while patients
are under anesthesia for surgery. The participants in the study had no experience in using MAC, so the technique of using
this DL and previously acquired practices did not affect the reception and technique of use of the tested VL. The assessed
group were anesthesiology residents, ie people who, after gaining experience and completing their education, will be the
most veritable healthcare providers assessing the usefulness of one or another VL in real conditions.

Our study has several limitations. These include, first of all, a relatively small study group of only 16 anesthesiology
residents. Another is to use only three VLs, out of many currently available on the medical market. Another limitation is
that only the first six intubations were examined. Perhaps, the learning curve would be different in subsequent uses.
Selected VL were assessed only in patients with normal airways. Perhaps, the use of assessed VL in patients with

difficult airways would verify the results obtained and the learning curve.

Conclusions

Based on our results, it can be concluded that the best learning curve among young anesthesiology residents is
characterized by VL Airtraq and the best first-time use of VL UESCOPE. The results of our study require confirmation
in a larger study group of residents and among patients also with difficult airways.
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