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Abstract: A low-cost video laryngoscope (VDL) called Hybrid 1.0 was developed using smart devices
for visualization. To test its performance, we compared it with a high-end VDL device, using
both in vitro and in vivo studies. During the in vitro study, medical students without experience in
airway intubation were randomly asked to intubate a mannequin with different degrees of difficulty
(Cormack–Lehane scales) by using either the Hybrid 1.0 VDL (GI) or a conventional laryngoscope
(GII). During the in vivo study, N = 60 endotracheal intubations were performed by resident and base
physicians, divided into two groups; the first group intubated with the Hybrid 1.0 VDL (GI) while
the second group used a VDL C-Mac shovel (GII). As performance indexes, both studies reported
the number of successful intubations (correct capnography signal) and intubation time. For the
in vitro testing, no statistically significant differences were found regarding the number of successful
intubations, while statistically significant differences were found regarding the intubation times.
During the in vivo tests, procedures were performed by residents and by base physicians, and no
statistically significant differences were found. The provided results point out that the VDL proposed
can be clinically useful and offers technical characteristics similar to other VDLs that currently exist
on the market.
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1. Introduction

Nowadays, the worldwide population is going through the coronavirus disease 2019 (COVID-19)
pandemic generated by the severe acute respiratory syndrome coronavirus 2 (SARS-CoV-2). As a
consequence, health professionals, companies and governments from all around the world have
faced the fact that any medical equipment that is being used to treat this disease must not only be
technically and clinically accepted but also affordable and accessible for any country [1]. In response to
this emergency, many companies, universities and non-governmental organizations have developed
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mechanical ventilators to support respiratory disease patients [1–3]; however, even though medical
staff expose their lives in such situations, only a few kinds of low-cost medical equipment have been
presented to provide them with security during their clinical routine.

Clinically, the video laryngoscope (VDL) is a piece of medical equipment that supports intubating
COVID-19 patients; its use is indicated in the guidelines for the treatment of such patients, as they
provide a lower probability of contamination for medical staff who are in direct risk of contact with
SARS-CoV-2 [4] It is well recognized that the use of VDLs has optimized the management of patients
with difficult airways, and accordingly it has been included as part of the management of the airway
guides of the American Society of Anesthesiologists (ASA) and the Difficult Airway Society (DAS) [5,6].
Furthermore, VDLs have had a great boom in developed countries, because they can help to better
visualize the airways of patients who need to be intubated, since their use has shown great success in
endotracheal intubation (EI) [7–10]. However, in developing countries, like ours, the approximate cost
of VDL devices is between USD $2,000 and USD $22,000, while the cost of conventional laryngoscopes
is within the range of USD $65 to USD $110. These limitations have contributed to the fact that it
is still common to use conventional type laryngoscopes (CTLs) with Miller, Macintosh and McCoy
type blades, where each one has its own advantage over the previous one: i.e., Miller helps to raise
the tongue and assemble the epiglottis for better visualization; Macintosh is a leaf with a parabolic
design capable of pulling the epiglottis from the vallecula and is more delicate with the tissues of the
larynx; and the McCoy blade is able to bend over itself with an ingenious pulley mechanism that
allows an angulation of the tip, improving the elevation of the epiglottis and visual field with a clearer
appreciation of the glottis than in previous situations [11,12]. Although there are other blades, they are
mainly derived from the first two.

Besides the benefits of CTLs with Miller and Macintosh blades, some difficulties arise. For example,
with an intubation angle of 90 degrees, when intubating patients with morbid obesity and/or patients
with too prominent a chest, usually the chest clogs the laryngoscope handle performing the EI [13].
Another problem arises with metallic shovels and the halogen light bulb, where heating of the shovel
occurs after a few minutes of being on the luminous focal area, which could occur during difficult
airway intubations and could lead to IE complications. Finally, it has been reported that a lack of
visibility of the respiratory airways can happen while using CTLs [14].

In contrast to conventional laryngoscopes, VDLs usually do not present the abovementioned
problems. However, they have higher costs than CTLs, mainly because of their more advanced
instrumentation: e.g., they usually have special shovels and manufacturer-owned image display
devices, with the associated costs of their consumables. In this paper, the development of a novel VDL
based on a parabolic shovel is introduced. This geometry was proposed because it is natural to the
shape of the respiratory airways. The proposed VDL was designed with a fixed angle of intubation of
110 degrees, LED lighting to visualize the airways and was built of medical grade resin. The novel VDL
incorporates wireless communication that allows one to visualize the images in Wi-Fi (IEEE 802.11x
protocol)-enabled devices such as smartphones, laptops or tablets. The design was made keeping
in mind the need for an accessible cost in developing countries. Due to its ability to connect with
commercially available smart devices, we named the proposed VDL system Hybrid 1.0. In addition to
introducing the proposed system, a comparison of the probability of successfully intubating patients
with a VDL Hybrid 1.0 was made with the one achieved while using a Macintosh CTL, particularly
in cases where the physician has undergone an emergency EI and he/she has limited experience in
performing such EI procedures.

2. Materials and Methods

2.1. VDL System

The developed Hybrid 1.0 VDL consists of three main components, as shown in Figure 1. The first
component is a shovel racket with a parabolic geometry (Figure 1A) built from medical grade resin
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approved by the Food and Drugs Administration of the United States (177.2420-FDA). The handle has
space to accommodate the video module (Figure 1, part A.1), and along the shovel there is space to
house by pressure a video camera with autofocus and a resolution of 1270 × 720 pixels surrounded
by light-emitting diodes (LEDs), as shown in Figure 1. The second component is the video module
itself (Figure 1B), consisting of an Original Equipment Manufacturer (OEM) Wi-Fi video transmitter
board with the commercial code YPC99 (Figure 1, part B.1). The last component is a mobile application
(app) called Ycamera, which can be found in different digital application stores like the App Store
and Google Play Store. This application is installed on a smartphone and allows the user to view the
images transmitted via Wi-Fi (Figure 1C).
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The use of the proposed Hybrid 1.0 VDL is straightforward. First, once the application is installed
on the smartphone, it should be verified that the video camera is well anchored to the VDL blade
(Figure 1A). Then, the video module (Figure 1B) is turned on, followed by the turning on of the white
LEDs. Finally, the video module will be connected to the smartphone app via the video transmitter
(Figure 1C). Before inserting the VDL into the patient’s mouth, the user must orient the camera towards
a nearby object to verify that the images displayed on the app correspond to the focused object.
Regarding the wireless video transmission, it works as shown in Figure 1C. First, once the video
module is connected to the smartphone via Wi-Fi using a Realtek IEEE 802.11 b/g/n 2.4 GHz wireless
communication module, the real time streaming protocol (RTSP) is started. To this end, a client–server
type communication is established between the smartphone and the video transmitter, by means of the
Internet Protocol address and port number corresponding to the video transmitter. Then, a command
is sent by the smartphone to initiate the transmission of data; the device receives the command and
begins to send the video captured by the encoded camera in the form of data packets; these packets are
received and stored in a buffer at a bit rate of 62.5 Mb/s; then the data packets are decoded by the H264
video codec to be displayed on the smartphone screen. It is worth mentioning that the developed app
incorporates functions to govern the video recording: i.e., to start/stop the recording, take a snapshot,
visualize the previous snapshots and return to the main menu.

A block diagram of the main hardware components of the YPC99 Wi-Fi video transmitter board is
shown in Figure 2. As can be seen, the VDL system is charged with a Fantassy brand (5V, 1A) wireless
charger (Figure 2D) that sends an electromagnetic field to the wireless charging module embedded in
the VDL (Figure 2E). The voltage that reaches the VDL is regulated by the wireless charger module
and the VDL has a battery level indicator with part number IP-5305 where four LEDs represents a
25% charge level with each LED when turned on. It takes about an hour to fully charge and about an
hour to fully discharge if using it in a continuous fashion. Once the Hybrid 1.0 system is activated,
the battery energizes the video camera and the Wi-Fi video transmitter board. The video camera
can get and convert the images by means of a serial data transmission to the Wi-Fi video transmitter,
which receives the data from the camera and manages the sending and receiving of data via the Wi-Fi
transmitter towards the smartphone.
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2.2. In Vitro Study with Training Mannequin to Simulate the Airway

Before performing the in vitro and in vivo studies, force tests were performed on the Hybrid 1.0
VDL with a precision dynamometer of 20 N (3B Scientific, Hamburg, Germany) to measure the strength
safely endured by the proposed VDL. To this end, the hook at the dynamometer’s tip was anchored at
the distal end of the VDL, then the dynamometer was stretched to the maximum length of the device.
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The in vitro study was performed as follows. First, 30 s year students from the Medical School of
the Universidad Autonoma de San Luis Potosí were enrolled in this study. The enrolled students had
no previous experience in airway intubation. All the students were made to intubate a mannequin
Airway Management Trainer (Laerdal Brand, New York, NY, USA) with different Cormack scales.
To this end, two groups of 15 students each were randomly created. The first group was required to
intubate the mannequin with a VDL Hybrid 1.0 (GI) and the second group was required to intubate
it with a conventional laryngoscope (Welch Allyn, Skaneateles Falls, NY, USA) with a Macintosh
No. 3 shovel (GII). The mannequin was configured before performing the intubation and before a
student was assigned to a given group. Finally, the number of successful intubations, given by a correct
capnography signal, as well as the intubation time were registered.

2.3. Clinical Tests in Patients

2.3.1. Subjects

The study protocol was submitted for approval to the Committee of Ethics in Research and to the
Research Committee of the Hospital Central Dr. Ignacio Morones Prieto (HCIMP) de San Luis Potosi,
Mexico. The study was approved and assigned the registration number 20-19. The clinical procedure
was cataloged with a risk greater than minimum. All the study procedures were made after signature
of the informed consent letter by the patients. No images were recorded that could identify the patient
and the registered data were kept anonymous.

The study was designed to account for sixty endotracheal intubations (N = 60) to be performed in
the Anesthesiology Department of HCIMP by resident physicians of the second year (R2 = 30), of the
third year (R3 = 23) and base physicians (MB = 7), which were randomly divided into two groups as
follows. The first group intubated patients with a VLG Hybrid 1.0 (GI), and the second group (GII)
intubated patients with the VDL C-Mac shovel and D-Blade (Karl Storz, Tuttlingen, Germany), because
the performed in vitro test showed that it could be dangerous to intubate with the LTC employed in
such a test. The group of study volunteer patients were those requiring EI for surgery with general
anesthesia. The inclusion criteria were patients scheduled for elective surgery who required general
anesthesia or who underwent relative emergency procedures in which the management of the airway
was the same as the one of a patient in elective surgery and who agreed to participate in the study
by means of the informed consent. The demographic data of patients assigned to each group were
as follow. GI age: 47 ± 16 years old (mean ± standard deviation), 15 females and 15 males. GII age:
47 ± 17.5 years old, 19 female and 11 males. In both groups, patients were excluded in cases as follows:
1) during the preoperative assessment, the anesthesiologist determined that they were at risk of a
difficult airway; 2) they were referred as having a difficult airway history in some previous surgery;
or 3) during preoperative evaluation, the anesthesiologist determined that the patient required a rapid
intubation sequence.

2.3.2. Data Acquisition

Measurements were performed after the pre-anesthetic and airway assessment, and only on
those included patients who did not have more than three positive criteria for an airway difficulty
assessment, as well as antecedents of airway difficulty. On the day of the procedure, the group (GI or
GII) was randomly assigned to the physician performing the EI. During the procedure, the patient
was placed in a decubitus supine posture and, after proper monitoring, the required anesthetic
induction was performed. Then, the orotracheal intubation was performed using the conventional
technique of intubation with a VDL. During the procedure, the visualized structures in the airway
were recorded by means of the Cormack–Lehane scale. In addition, the ASA Classification, Mesh Scale
and Bellhouse–Dore Classification were evaluated in each patient.
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2.3.3. Statistical Analysis

The statistical analysis was performed using the graphical user interface R Commander v.2.3
for the R software v.3.4.2 (the R Foundation), with a 95% confidence level. The normality of the
distribution of each group was assessed by means of the Shapiro–Wilk test. Continuous variables were
reported as mean ± S.D. or median (interquartile range) and (minimum–maximum), while discrete
variables were reported as frequencies (%). Finally, to evaluate the visualization of the larynx and
glottis, in both groups, the mannequin configuration from the in vitro study and the patients from the
clinical test who allowed a perfect visualization of such structures (Cormack 1 and 2) were grouped in
GI, while those displaying problems (Cormack 3 and 4) were grouped in GII. Finally, depending on the
distribution of the variables, the analysis was performed with a Student t test or a Fisher test to check
the primary objective; this one was that the intubation times in both the C-Mac and the VLG Hybrid
1.0 were similar.

3. Results

3.1. In Vitro Study with Training Mannequin to Simulate the Airway

Force tests of the VDL Hybrid 1.0, performed with a precision dynamometer, showed that the
device resists more than 20 N without breaking.

Regarding the results of the in vitro test with the training mannequin, the Shapiro–Wilk test of
intubation with a VDL Hybrid 1.0 (GI) and intubation with a Macintosh No. 3 shovel (GII) showed that
each group had a distribution Shapiro–Wilk normality test, W = 0.78043, p = 0.00002942. The statistical
results for the in vitro tests are shown in Table 1. The Fisher test results for GI were 13 successful
intubations in 87 attempts and for GII were 9 successful intubations in 60 attempts. No statistically
significant differences were found between GI and GII regarding successful intubations (p = 0.215).
Regarding the intubation time, the medians were found to be equal to Me = 27 s with an IQR = 12.5 s
for GI, and Me = 106 s with an IQR = 76 s for GII. In this case, statistically significant differences were
found between the groups (p = 0.005).

Table 1. In vitro test results obtained during mannequin intubation for first group (GI) (intubation
with 213 proposed video laryngoscope (VDL) Hybrid 1. 0) and second group (GII) (intubation with a
Macintosh No. 3 shovel).

Variables
G I G II p Value

n = 15 (%) n = 15 (%)

Intubation time (s)
27 106

0.005[21, 33.5] [44, 120]
(15–120) (18–120)

Successful intubations 13 (87) 9 (60) 0.215

Cormack scale

<0.0001
One 14 (94) 1 (6)
Two 1 (6) 8 (54)
Three 0 3 (20)
Four 0 3 (20)

Cormack groups
0.0161 = 1 y 2 15 (100) 9 (60)

2 = 3 y 4 0 6 (40)

3.2. Clinical Tests in Patients

For the clinical tests in EI patients, it was found that the average age of the patients was 47 years
old, 34 of the patents being women and 26 men. The ASA ratings were found to be ASA I (10%), ASA II
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(55%), ASA III (25%) and ASA IV (10%). The median intubation attempts were one, with a maximum
of two attempts. It was also found that there were zero failed intubations, where 88% of the procedures
were performed by residents and 22% by base physicians. The results of the clinical tests in EI patients
are shown in Table 2.

Table 2. Clinical characteristics of endotracheal intubation patients and variables studied with 232 in
each device group (GI: VLG Hybrid 1.0; GII: VDL C-Mac shovel and D-Blade).

Variable N = 60
GI GII p

n = 30 n = 30 Value

Age (y.o.) 47 ± 16 46 ± 14 47 ± 17.5
0.78(18–83) (19–71) (18–83)

Gender 0.434

Female 34 (57) 15 (50) 19 (63) -
Male 26 (43) 15 (50) 11 (37) -

ASA classification 0.77

ASA I 6 (10) 3 (10) 3 (10) -
ASA II 33 (55) 17 (57) 16 (53) -
ASA III 15 (25) 6 (20) 9 (30) -
ASA IV 6 (10) 4 (13) 2 (7) -

Cormack–Lehane scale

Grade l 58 (97) - - -
Grade ll 2 (3) - - -
Grade lll 0 - - -
Grade lV 0 - - -

Mallampati scale 0.88

Class I 19 (32) 10 (33) 9 (30) -
Class II 22 (37) 12 (40) 10 (33) -
Class III 15 (25) 6 (20) 9 (30) -
Class IV 4 (7) 2 (7) 2 (7) -

Bellhouse-Dore classification 0.03

Grade l 46 (77) 19 (63) 27 (90) -
Grade ll 14 (23) 11 (37) 3 (10) -
Grade lll 0 0 0 -

Intubation time (s)
24 [11] - - -
(16–79)

Number of attempts 1 [0] - - -
(1–2)

Failed intubations 0 - - -

Operator - - - -
Resident 2 30 (50) - - -
Resident 3 23 (38) - - -
Base physician 7 (12) - - -

To evaluate the performance of the devices (Table 3) the intubation time per group was measured,
where the means were found to be Me = 23.5 s and Me = 26 s for GI and GII, respectively. No statistically
significant differences were found regarding the intubation time between both groups (p = 0.136).
The dispersion of the intubation times for both groups is presented in Figure 3. In addition,
no statistically significant differences were found regarding the number of attempts (p = 0.57),
regarding the operator who performed the intubation (p = 0.08), as well as regarding the structure
display according to the Cormack–Lehane scale (p = 0.49). Finally, examples of airway images obtained
with the developed VDL Hybrid 1.0 and VDL C-Mac are shown in Figures 4 and 5, respectively.
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Table 3. Performance comparison of intubation with a VLG Hybrid 1.0 (GI) and with a VDL C-Mac (GII).

Variable
GI GII p

n = 30 n = 30 Value

Intubation time (s)
23.5 [8] 26 [14.5]

0.136(16–54) (17–79)

Number of attempts 1 [0] 1 [0]
0.57(1–2) (1–2)

Operator 0.08

Resident 2 12 (40) 18 (60) -
Resident 3 12 (40) 11 (38) -

Base physician 6 (20) 1 (3) -

Cormack–Lehane scale 0.49

Grade l 28 (93) 30 (100) -
Grade ll 2 (7) 0 -
Grade lll 0 0 -
Grade lV 0 0 -
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4. Discussion

Interestingly, in many privately owned companies that do not belong to the biomedical engineering
field it is believed that the development of a medical device, e.g., a mechanical ventilator, is enough to
market it [3]. Fortunately, according to the law, even to be able to test a medical device in patients
it is necessary to meet certain requirements [15]. Therefore, in this study we addressed not only the
development of a video laryngoscope, called Hybrid 1.0, but also its preliminary testing.

Although no pressure feedback is applied on the tongue due to the VDL Hybrid 1.0, a force test
was performed to study if the proposed VDL supports enough force in case of accidents, assuring that
no secondary damage is suffered by the patient. The results showed that the strength endured by the
VDL Hybrid 1.0 was above 20 N, which is higher than the one reported by Russell et al., who compared
the force applied in performing direct laryngoscopy with that required for video laryngoscopy using
the VDL GlideScope, and found that 9 N was the peak force required to do video laryngoscopy with
the VDL Glidescope [16].

It is worth mentioning that at the beginning of the present work, the research group only aimed at
developing a VDL that provides a better visualization of airway structures and thus allows EI to be
performed faster and more successfully than with a conventional type laryngoscope. To assure a secure
testing of the proposed VDL, an in vitro study was done by intubating a training mannequin with the
proposed VDL Hybrid 1.0 and a CTL. The in vitro study results showed more successful intubations
(13 successful intubations) were achieved while using the VDL Hybrid 1.0 than while using the CTL
(9 successful intubations). In addition, the median intubation time while using the VDL Hybrid 1.0
(Me = 27 s) was found to be approximately four times lower (27s/106 s = 0.255) than the corresponding
one while employing a CTL. Even though the number of EI attempts was higher while using the VDL
Hybrid 1.0 (87) than while using the CTL (60), the results appear to indicate that it was due to the
number of times that a EI was performed to the mannequin with both devices, because on average the
number of EIs achieved with the VDL Hybrid 1.0 (87 successful intubations/13 intubated patients = 6.69
successful intubations/intubated patients) is approximately the same as the average of EIs achieved
with the CTL (60 successful intubations/9 intubated patients = 6.66 successful intubations/intubated
patients). We considered that a drawback could arise if one considers the median intubation time as
the representative index for all physicians that were able to intubate the mannequin and divided this
amount by the average successful intubations/intubated patients. In the case of the VDL Hybrid 1.0,
the time per intubation would be 4.03 s/intubation (27 s/6.69 intubations), which is four times shorter
than while intubating with the CTL (4.03 s/intubation), which shows that it is four times shorter than IE
by means of the LTC that would be equal to 15.9 s/intubation (106 s/6.66 intubations). Therefore, in this
study we considered it dangerous to perform the clinical tests with a CTL; then, the performance of
proposed VDL for EI in real patients was compared against the VDL Karl Storz model C-Mac.

Regarding the clinical study, we found that the age of both groups was very similar
(GI: 46 ± 4 years old, and GII: 47 ± 17.5 years old). In addition, the ASA classification in both
groups was the same (100 attempts/group), and the highest class of EI attempts occurred when the
patients had an ASA II surgical risk classification. Another scale used to intubate is the Mallampati scale;
the results showed that Class I was very similar in both groups (GI: 33, GII: 30). The Bellhose–Dore
scale, which allows physicians to know about cervical mobility in order to move the head to certain
angles, showed that the percentage of patients who could place the head at an angle greater than
35 degrees was higher for GII (GI: 63%, GII: 90%), and the percentage of patients who were able to
move the head to 1/3 or between 12◦ and 35◦ degrees was higher for GI (GI: 37%, GII: 10%).

Regarding the performance evaluation of VDLs for the intubation time (p = 0.136), for the number
of attempts (p = 0.57), for the operator performing the EI (p = 0. 08) and for the adequate visualization
according to the Cormack–Lehane scale (p = 0.49), no statistically significant differences were found in
any of those parameters. We consider that these results are due to the physical characteristics exhibited
by both devices and which are discussed below.
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Although the median of endotracheal intubation time was found to be approximately equal
in both groups, GI: 23.5 s and GII: 26 s., we found a lower dispersion in GI, as shown in Figure 3.
Even though the VDL C-Mac has good video quality compared to the VDL Hybrid 1.0, we consider
that this behavior in the EI time could be attributed to the wire that connects the former to its central
processing unit: i.e., the VDL C-Mac is heavier (C-Mac blade weight = 320 g). In contrast, the proposed
VDL is wireless and lighter (VDL Hibryd 1.0 weight = 110 g), resulting in its being easier to operate.
Therefore, we consider that the disadvantage of the device in video quality is compensated by the
disadvantage of the other VDL in terms of usability. The results for the degree of visualization of
laryngeal structures, according to the Cormack–Lehane scale, showed that the VDL C-Mac exhibited
a superior performance than that of the proposed VDL Hybrid 1.0 (GI: Cormack grade I = 93, GII:
Cormack grade I: 100). However, that advantage was found to be not statistically significant.

It is worth mentioning that during the clinical procedures, on five occasions (three with the Hybrid
1.0 and two with the C-Mac laryngoscope video) it was difficult to introduce the endotracheal tube
posterior to the vocal cords passage, despite the clear visualization of the laryngeal structures in the
VDLs. This was probably because of an increased leaf angulation that resulted in a poor rectification
between thyroid cartilage and cricoid, generating a sharp step where the endotracheal tube stops.
This particularity was successfully corrected by slightly releasing the traction on the handle to recover
the patient’s own anatomical angulation.

Finally, this paper presented a novel VDL, the so-called Hybrid 1.0, which is light, reusable
and wireless, and in turn frees the VDL from relying on a specific external monitor, making it cheap
compared to the commercially available ones in our country, with a projected price of approximately
USD $1000 to USD $1500. We consider that such technical and economical features must be satisfied
by medical devices nowadays to support nations in the event of contingencies such as the pandemic
COVID-19 currently affecting our planet.

5. Conclusions

The proposed VDL Hybrid 1.0 is a device that allows adequate performance of endotracheal
intubations, by offering an intubation time similar to the VDL C-Mac, as well as with an adequate
visualization in terms of the quality and quantity of the anatomical structures involved in the
EI procedure.

The results provided in this study appear to indicate that the developed VDL Hybrid 1.0 is
a clinically useful, portable, wireless device. Besides its significantly lower cost, it offers technical
characteristics very similar to other VDLs currently available on the market. Finally, we consider
that the Hybrid 1.0 can be considered as a support device not only in the operating room, but in
extra-hospital environments, emergency rooms and other units where advanced airway management
is required.
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