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with the support of video and images, and to obtain an opinion about the quality of this model
by administering a questionnaire to professionals with experience in the procedures.

Ten experts in the technique were enrolled. The model scored an average of 3.45/5 for its
anatomical realism; 4.75/5 for its usefulness as a training tool for simulation courses and
assessments. The time necessary to build the model was 15 minutes, and the cost amounted
to 10€. The animal bench-model was considered a very useful simulator for tracheostomy
training and assessments. Therefore, it could be used as a tool for medical courses and
residencies.

INTRODUCTION

Difficult airway management is a critical skill for every physician dealing with critical, ill, and
emergency patients. A review published in 2013 estimates that the incidence numbers of
‘cannot ventilate, cannot intubate' situations with the use of surgical airway techniques vary
from 0 to 18.5%".

Tracheostomy is one of the oldest surgical procedures and is extensively used as the method
of choice for subglottic airway access for patients requiring prolonged artificial ventilation.
Originally performed in the operating theater, it has become a routine practice bedside at
many hospitals, especially in the intensive care unit (ICU)2. Several types of techniques have
been described, including surgical (ST) and percutaneous tracheostomy (PCT). Tracheostomy
has been widely reported to have high complication rates. A national audit reports that 50%
of airway-related deaths or brain damage in critical care are caused by tracheostomy
complications3. Often, the high complication rates reflect lack of familiarity with the technique
and inadequate training.

Another way to subglottically access the airways is to perform a cricothyrotomy (CT), which
has been broadly recommended as a strategy to deal with 'cannot ventilate, cannot intubate’
situations in both prehospital and intra-hospital care®. Being a fast and potentially lifesaving
fallback maneuver in the patients with a failed airway, clinicians responsible for airway
management must be familiar with the technique. Practice and training therefore play a
pivotal role since its success is dependent on the operator’s dexterity>. However, due to
improvements in airway management in the past decades, a decline in the need for
tracheotomy and emergency surgical airways was observed. This has resulted in a lack of
clinical experience and decreased exposure to this life-saving technique, which may
negatively affect the quality of procedures and ultimately the safety of patients®”.

Nowadays, simulation is a common and effective teaching method to train medical and
surgical skills, especially for novices who are learning new abilities®®. Simulation allows to
recreate a clinical procedure or situation, providing trainees with first-hand exposure to
clinical scenario and complex techniques while eliminating the risk for patients®.

A broad variety of simulators, from virtual reality to animal models, have been used in training
surgical airway management!!'#4, Practice on models and mannequins is reported to be the
most common form of instruction for Anesthesiology and Emergency Medicine residents®>,
Cadavers have also been used to teach neck anatomy and the procedural skills'’. However,
the cost of all these options are sometimes prohibitive and can pose ethical and moral
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constrains and challenges. Low cost simulators have also been described and suggested for
educational purposes but have not been used to train all the subglottic airway access
procedures.

In this manuscript, we describe how to manufacture an easily-made, low-cost and high-
fidelity bench-model that simulates the human neck to perform cricothyrotomy,
percutaneous and surgical tracheostomy and its evaluation. The main aim was to design an
easy-to-make model with readily and regularly available materials so that anyone can simply
emulate and reproduce it. The overall time to assemble the model was about 15 minutes and
the cost estimate was approximately of 10€ including resources and manufacturing (20€/h).

PROTOCOL:

The animal anatomic segments, normally intended for human consumption, were
purchased at a local butcher's shop (Figure 1). Therefore, they could be easily transported
and stored with no specific restrictions or sanitary regulations.

1. Cleaning the swine upper airways

1.1.  With the help of a dissecting scalpel, Adson forceps and Metzembaum scissors, clean
the trachea and larynx from excess surrounding tissues (lateral muscles, excess of tongue),

by cutting and dissecting.

1.2.  Remove tissue until the larynx cartilages are almost exposed and the tracheal rings
are easy to palpate.

1.3. Remove the hyoid bone and surrounding soft tissues: find the eminence of the
greater horn and follow the horn with the blade, then pass to the contralateral one and

repeat the same operation until the whole part is removed.

1.4. Cutthe trachea at its distal side approximatively at 15 cm from the larynx using a
dissecting knife.

NOTE: The removed part, composed by mediastinal organs, will be used for the next step in
the procedure.

2. Preparing the thyroid

2.1. Take the previously discarded mediastinal organs and search for the thymus.

NOTE: The thymus is usually located on the frontal portion of the mediastinum right over
the right atrium. Adult pigs may have a very small thymus.
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2.2.  With dissecting forceps, detach the thymus from the surrounding tissue.

2.3.  Carve the just obtained pig thymus into a butterfly shape to recreate a simulated
thyroid.

2.3.1. With a dissecting knife, cut a flat slice of thymus 1.5 cm thick.

2.3.2. With Metzembaum scissors, cut the slice in a butterfly shape with two 3 cm x 2 cm
lobes connected by a hystmus.

NOTE: The overall dimensions of the thyroid should be 3 cm long, 6 cm large and 1.5cm
thick.

3. Suturing the thyroid to the tracheal wall.

NOTE: For the next step, use the previously prepared upper airways and the simulated
thyroid.

3.1.  Place the simulated thyroid between the first and third tracheal ring.

3.2. Take a needle holder and surgical forceps. Grab a 2/0 silk suture.

3.3.  Suture the thyroid with two lateral horizontal mattress stitches passing in each lobe
and in the lateral portion of the trachea.

NOTE: The horizontal mattress stitch wraps more tissue than the normal stitch. This is
important when suturing soft tissues, as pig thymus, that tends to tear up.

3.4. Pass the needle only in the superficial part of the trachea to prevent the possibility of
seeing the thread in the tracheal lumen if performing fibroscopy.

NOTE: Identification and preservation of the thyroid gland avoiding postoperative bleeding
represent crucial surgical steps during tracheotomy procedure.

4. Preparing the esophagus

4.1. Use the esophagus, which is located on the backside of the trachea, to simulate the
neck fascia and muscles.

4.2. Remove the esophagus from its larynx connection by cutting it with a scalpel or with
surgical scissors.
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4.3. Cut and open the esophagus on its length with surgical scissors.

4.4. Hold the muscle and mucosa with toothed forceps to help the cutting procedure.
The result of this operation will be a rectangle of muscle covered by esophagus mucosa.

5. Suturing the esophagus to the trachea

5.1.  Place the just obtained layer of muscles on top of the trachea and larynx with the
mucous membrane face up. The aim is to cover the larynx: from the thyroid cartilage
summit to the last tracheal rings.

5.2.  Suture the opened esophagus with at least 6 simple stitches:

One on the proximal side of the model, on the summit of the Thyroid cartilage.

One on the distal side of the preparation, on the frontal portion of the last tracheal ring.
At least one on each side of the trachea.

One on each side of the lower lateral portion of the thyroid cartilage where cricothyroid
muscles are.

5.3.  5.3. Mark a line on the esophagus mucosa with white India ink to simulate the linea
alba.

NOTE: Identification and proper dissection through the linea alba is an important step
during tracheotomy procedure (Figure 2).

5.3.1. To do so, use white India ink and an insulin syringe.

5.3.2. Withdraw some ink and then track a line on the simulated fascia by scratching it with
the needle while spilling little drops of ink.

5.3.3. Remove the excess of ink gently with a small swab.

6. Preparing the foam base for the model

6.1. Cut asquare of foam of 3cm x 10 cm x 15 cm.

6.2. Shape a furrow 2.5 cm large and 10 cm long in the center of the foam.

6.2.1. To do this, fold half of the square of foam so that it creates a longitudinal hump on
one side.

6.2.2. Cut 1 cm of the hump off all its length with scissors.
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6.2.3. Unfold the foam square and trim the just formed furrow smoothly.

7. Stapling the model to the wooden tablet

7.1. Take a wooden tablet of the same dimensions of the foam.

7.2.  Place the foam square on the wooden tablet and insert the model in the foam
furrow.

7.3.  With a wood stapler, place a clip on the end of the trachea, on the remaining lateral
muscles of the thyroid cartilage and on the epiglottis.

8. Preparing the skin

8.1.  Take the pig skin collected from the butcher shop and cut it in a square shape big
enough to cover the whole model. Usually, a square of 25 cm x 20 cm is sufficient.

8.2.  Cut the skin with a dissecting knife and cover the model with it.

9. Stapling the skin to the wooden tablet

9.1. Take the stapler and fix the skin to the tablet with about 10-15 clips. Place them on
the vertical sides of the tablet

9.2.  Trim the excess skin on each side of the tablet with the help of a knife.

9.3.  Use cocker forceps to firmly hold the skin to allow a safer cutting.

REPRESENTATIVE RESULTS
We assessed the feasibility and acceptability of the easily-made, low-cost and high-fidelity
bench-model that simulates the human neck as a tool for cricothyrotomy, percutaneous and
surgical tracheostomy training. After a review of current literature about simulation in
surgical education, a survey instrument was designed. The questionnaire consisted of the
following content sessions:

a. general data and demographics of the participants;
b. fidelity of the bench-model;
C. suitability of cricothyrotomy, percutaneous and surgical tracheostomy for training by

the manufactured model.

Participants were asked to rate statements with a five-point Likert scale (1: strongly disagree,
5: strongly agree). All participants were also given the opportunity to add positive and
negative aspects of the bench model as well as to recommend improvements. A detailed
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description of the survey instrument is provided in Table 1. A panel of experts composed of
simulation educationalists, Ear, Nose and Throat (ENT) physicians, anesthesiologists and
surgical education tutors reviewed the survey instrument content for accuracy and provided
appropriate modifications to ensure validity of the study.

Participation to the study was voluntary, anonymous, and independent. Confidentiality of
information was ensured and no financial incentive to participate in the study was offered.
The study was conducted in accordance with the principles of the Declaration of Helsinki. Data
were analyzed using a spreadsheet and are presented as mean and interquartile range (IQR).
Qualitative data from the open-ended question were interpreted using content analysis.

Ten independent senior ENT physicians and anesthesiologists with experience in
cricothyrotomy, percutaneous and surgical tracheostomy were enrolled. The mean age and
the mean seniority were 31 years and 7 years, respectively. The overall mean rating for
realism of the model, including anatomy, tactile feedback, reaction of the tissues to palpation,
perception of landmarks, was 3.45/5. Suitability of model training for the given subglottic
airway access procedures was highly rated with an overall mean of 4.75/5. All responders
listed positive and negative aspects in the open-ended part of the survey. A total of 24
suggestions were collected. Three positive and 3 negative aspects were identified (Table 1).
Among the positive ones, the most often suggested was the tactile feedback of the model
compared to the synthetic alternatives. Whilst the sliding of the layers of the model was the
negative aspect most often found. Four participants suggested possible improvements, which
are reported in Table 1.

FIGURES AND TABLE LEGENDS:

Figure 1: Different animal segments needed to make the model. From the top-left: Swine
upper airways, pig thymus cut in a butterfly shape, swine esophagus opened longitudinally,
pig skin.

Figure 2: Fascial dissection. In this picture, the finished model during the surgical open
tracheostomy procedure is shown. In the center, the blunt dissection of the simulated neck
fascia and muscles with Metzembaum scissors are shown.

Table 1: Description of the survey instrument and results.

DISCUSSION:

The manufactured low-cost and high-fidelity bench-model simulated the human neck and
enabled practice of cricothyrotomy, percutaneous and surgical tracheostomy. The designed
survey filled by senior ENT physicians and anesthesiologists evaluated the extent to which the
model replicates the physical characteristics of the neck and its suitability for training the
given subglottic airway access procedures.

Several home-made models or simulators have been reported and we tried to overcome their
limitations. The porcine model presented by Netto et al.!® lacks anatomical structures
between the skin and trachea, making it suitable for cricothyrotomy only. Two studies
describe synthetic models assembled with candies and anesthesia room materials (tubes,
gauzes) compromising the fidelity and excluding the model for ST training'®?°. To our
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knowledge, our bench model is the first multipurpose model suitable for the three main
tracheostomy procedures (CT, PDT, ST).

Porcine trachea with all the annexes (muscles, cervical fascia, thyroid gland) and skin are
relatively similar to human tissue?!. Nevertheless, it is hard to find the whole animal piece
since the neck is usually cut through all its length and many structures are lost in the pig
slaughter procedures. For this reason, we assembled a simulated thyroid to allow inter-
isthmic tracheotomy. The pig thymus was chosen as the most suitable organ for this purpose
due to its texture.

The pig skin was sometimes too thick, making the trachea prone to collapse when putting
force on the neck to penetrate it with needles and dilators in the percutaneous approach. The
anatomical difference among the assembled models due to the variety of animal tissues could
pose some challenges in terms of reproducibility and quality of the models. However, this
could equate to the anatomic variability of human necks. The lack of bleeding and tissue
secretion is another limit of ex vivo models. Simulation of bleeding remains a challenging
problem because of the complexities of the circulatory system and the physics of viscous fluid
flow. Due to this limitation, the reported model could be considered as a middle-fidelity
simulator.

Traditionally, mannequins, live, and anaesthetized animals are used in cricothyrotomy and
tracheotomy teaching. Nevertheless, mannequins are not similar enough to the human
anatomy and do not provide a realistic model to learn this technique. Animals would be
ideal but the cost is prohibitive and only a limited number of residents may have this
opportunity??.

The lack of funds is considered a barrier to medical training. The cost of commercial
mannequins and synthetic devices ranges from 1000S to 3000$ and replacement pieces are
expensive too. We tried a synthetic simulator?? that can be reused no more than 10 times. In
addition, after the first incision, only the dilation and insertion of the tube can be performed
several times, making the educational procedure incomplete. On the contrary, a cheap,
disposable model such as the one described here can be assembled and used in a few minutes
with no expensive components. The model can be reused up to three times, reducing the cost
of the model per number of attempts. The 3 different techniques can be performed
consequently, since they are executed in different portions of the model: (1) emergency
cricothyrotomy, (2) percutaneous dilatational tracheostomy, and (3) surgical open
tracheostomy.

Difficult airway management is a critical skill and it is still associated to a high complication
rate. Since its success is dependent on operator’s experience and dexterity, practice and
training play a key role. Generally, the training is still limited to explanation and seeing the
technique. Most of the residents have the opportunity to see the procedure only a few times
before performing it in a clinical setting. This article presents step-by-step instructions to
manufacture an experimental airway bench-model based on low technology and cost for
teaching the three main tracheostomy procedures (CT, PDT, ST). However, the evaluation
survey showed that the model, although realistic, should be perfectioned.
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In the future, we would like to compare skins from different animals (e.g., a calf, a turkey, and
a rabbit) to find the best choice and how much this can affect procedure quality and ultimate
learning. Finally, we would like to adopt and improve the idea by Fiorellia et al.?? to mix
synthetic simulators and animal tissues. We will build a synthetic shell scaffold representing
the head, neck and upper thorax, where a pig trachea can be inserted. This might help to tear
down the manufacture time and reach higher fidelity, reproducibility and cost efficiency.
Further studies should be carried out to compare this model to other animal models and other
synthetic task trainers in terms of fidelity and training effectiveness.
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TABLE 1 Click here to access/download;Table;2018.11.09 Bench-
model per JOVE - TABLE 1.docx

Mean (IQR)
Session 1: Demographics 31,3 (6)
1 Age
2 Gender
3 Professional seniority (in years) 6,6 (7)

Session 2: Fidelity of the bench-model

4 The model represents accurately human neck anatomy (for what concerns| 3,2 (0,25)
the performed procedure)

5 The model tissues reacts to my movements in a realistic way and give me 3,6 (1)
a realistic tactile feedback

Session 3: Suitability of cricothyrotomy, percutaneous and surgical tracheostomy for
training by the manufactured model

6 The model is a useful instrument to simulate the procedure 4,8 (0,25)

7 The model enables to train on all the essential technical skills needed for| 4,6 (1)
the procedure (excluding communication with patient or clinical decision

making)
8 The simulator could be used for training purpose 4,8 (0,25)
9 The simulator could be used as a test/assessment in surgery school 4,8 (0,25)

Positive aspects of the bench model

Better tactile feedback than the synthetic simulator
Possibility to enhance manuality and technical skills of students/residents
Could allow students to better understand the steps of the procedure

Negative aspects of the bench model

Skin is too thick and hard to penetrate
Skin slides over deeper layers
Difficult to find landmark

Recommended improvements

Prevent the sliding movements by suturing the layers together
Experiment skin of different animals (turkey, rabbit)

Table 1. Description of the survey instrument and results
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Table of Materials

Name of Material/ Equipment

Foam

Insuline Syringe

Pig Esophagus

Pig skin

Pig thymus

SILK suture - Vetsuture SILK 2/0
(Metric 3) Ago 3/8 30mm Reverse
Cutting (12 pz)

Surgical instruments scissors,
forceps, knife, needle holder
Swine upper airways

white india ink - pelikan 10ml
Wood stapler

Wooden tablet

Click here to access/download;Table of Materials;Table of materials.xls

Company

BRICOSELF ITALIA, vercelli

na

Butcher shop (Il mercato carni, di Dutto Srl. - 28100, Novara (Italy)
Butcher shop (Il mercato carni, di Dutto Srl. - 28100, Novara (ltaly)

Butcher shop (Il mercato carni, di Dutto Srl. - 28100, Novara (Italy)

Sanitalia Care Srl

na

Butcher shop (Il mercato carni, di Dutto Srl. - 28100, Novara (Italy)
Cartoleria Manzoni di Lo Monaco Rosaria s.a.s. 97019 Vittoria, Italy
BRICOSELF ITALIA, vercelli

BRICOSELF ITALIA, vercelli

Catalog Number

na
na
na
na

na

SILK2CN

na
na
36340
na
na

*
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Comments/Description

Used to stabilyze the model on the wooden tablet

Used to draw linea alba with india ink

Wet material used to build the simulated muscular layers and fascia
Wet material used to obtain the simulated skin

Wet material used to build the simulated thyroid

Sutures to tight all the parts of the model

na

Wet material used to build the model

Ink used to mark the linea alba on the esophagus
Used to staple on the model

Used to stabilyze the model with the stapler
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Item 1: The Author elects to have the Materials be made available (as described at
http://www.jove.com/publish) via:
,Egandard Access DOpen Access

Item 2: Please select one of the following items:
DThe Author is NOT a United States government employee.

DThe Author is a United States government employee and the Materials were prepared in the
course of his or her duties as a United States government employee.

DThe Author is a United States government employee but the Materials were NOT prepared in the
course of his or her duties as a United States government employee.

ARTICLE AND VIDEO LICENSE AGREEMENT

1. Defined Terms. As used in this Article and Video
License Agreement, the following terms shall have the
following meanings: “Agreement” means this Article and
Video License Agreement; “Article” means the article
specified on the last page of this Agreement, including any
associated materials such as texts, figures, tables, artwork,
abstracts, or summaries contained therein; “Author”
means the author who is a signatory to this Agreement;
“Collective Work” means a work, such as a periodical issue,
anthology or encyclopedia, in which the Materials in their
entirety in unmodified form, along with a number of other
contributions, constituting separate and independent
works in themselves, are assembled into a collective whole;
“CRC License” means the Creative Commons Attribution-
Non Commercial-No Derivs 3.0 Unported Agreement, the
terms and conditions of which can be found at:
http://creativecommons.org/licenses/by-nc-

nd/3.0/legalcode; “Derivative Work” means a work based
upon the Materials or upon the Materials and other pre-
existing works, such as a translation, musical arrangement,
dramatization, fictionalization, motion picture version,
sound recording, art reproduction, abridgment,
condensation, or any other form in which the Materials may
be recast, transformed, or adapted; “Institution” means
the institution, listed on the last page of this Agreement, by
which the Author was employed at the time of the creation
of the Materials; “JOVE” means Mylove Corporation, a
Massachusetts corporation and the publisher of The Journal
of Visualized Experiments; “Materials” means the Article
and / or the Video; “Parties” means the Author and JoVE;
“Video” means any video(s) made by the Author, alone or
in conjunction with any other parties, or by JOVE or its
affiliates or agents, individually or in collaboration with the
Author or any other parties, incorporating all or any portion

612542.6  For questions, please contact us at su

of the Article, and in which the Author may or may not
appear.

2. Background. The Author, who is the author of the
Article, in order to ensure the dissemination and protection
of the Article, desires to have the JOVE publish the Article
and create and transmit videos based on the Article. In
furtherance of such goals, the Parties desire to memorialize
in this Agreement the respective rights of each Party in and
to the Article and the Video.

3. Grant of Rights in Article. In consideration of JoVE
agreeing to publish the Article, the Author hereby grants to
JoVE, subject to Sections 4 and 7 below, the exclusive,
royalty-free, perpetual (for the full term of copyright in the
Article, including any extensions thereto) license (a) to
publish, reproduce, distribute, display and store the Article
in all forms, formats and media whether now known or
hereafter developed (including without limitation in print,
digital and electronic form) throughout the world, (b) to
translate the Article into other languages, create
adaptations, summaries or extracts of the Article or other
Derivative Works (including, without limitation, the Video)
or Collective Works based on all or any portion of the Article
and exercise all of the rights set forth in (a) above in such
translations, adaptations, summaries, extracts, Derivative
Works or Collective Works and(c) to license others to do any
or all of the above. The foregoing rights may be exercised in
all media and formats, whether now known or hereafter
devised, and include the right to make such modifications
as are technically necessary to exercise the rights in other
media and formats. If the “Open Access” box has been
checked in Item 1 above, JoVE and the Author hereby grant
to the public all such rights in the Article as provided in, but
subject to all limitations and requirements set forth in, the
CRC License.

bmissions@jove.com or +1.617.945.9051.
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4. Retention of Rights in Article. Notwithstanding
the exclusive license granted to JoVE in Section 3 above, the
Author shall, with respect to the Article, retain the non-
exclusive right to use all or part of the Article for the non-
commercial purpose of giving lectures, presentations or
teaching classes, and to post a copy of the Article on the
Institution’s website or the Author’s personal website, in
each case provided that a link to the Article on the JoVE
website is provided and notice of JoVE's copyright in the
Article is included. All non-copyright intellectual property
rights in and to the Article, such as patent rights, shall
remain with the Author.

S. Grant of Rights in Video — Standard Access. This
Section S applies if the “Standard Access” box has been
checked in Item 1 above or if no box has been checked in
Item 1 above. In consideration of JoVE agreeing to produce,
display or otherwise assist with the Video, the Author
hereby acknowledges and agrees that, Subject to Section 7
below, JOVE is and shall be the sole and exclusive owner of
all rights of any nature, including, without limitation, all
copyrights, in and to the Video. To the extent that, by law,
the Author is deemed, now or at any time in the future, to
have any rights of any nature in or to the Video, the Author
hereby disclaims all such rights and transfers all such rights
to JoVE.

6. Grant of Rights in Video — Open Access. This
Section 6 applies only if the “Open Access” box has been
checked in Item 1 zbove. In consideration of JoVE agreeing
to produce, display or otherwise assist with the Video, the
Author hereby grants to JoVE, subject to Section 7 below,
the exclusive, royalty-free, perpetual (for the full term of
copyright in the Article, including any extensions thereto)
license (a) to publish, reproduce, distribute, display and
store the Video in all forms, formats and media whether
now known or hereafter developed (including without
limitation in print, digital and electronic form) throughout
the world, (b) to translate the Video into other languages,
create adaptations, summaries or extracts of the Video or
other Derivative Works or Collective Works based on all or
any portion of the Video and exercise all of the rights set
forth in (a) above in such translations, adaptations,
summaries, extracts, Derivative Works or Collective Works
and (c) to license others to do any or all of the above. The
foregoing rights may be exercised in all media and formats,
whether now known or hereafter devised, and include the
right to make such modifications as are technically
necessary to exercise the rights in other media and formats.
For any Video to which this Section 6 is applicable, JoVE and
the Author hereby grant to the public all such rights in the
Video as provided in, but subject to all limitations and
requirements set forth in, the CRC License.

7. Government Employees. If the Author is a United
States government employee and the Article was prepared
in the course of his or her duties as a United States
government employee, as indicated in Item 2 above, and
any of the licenses or grants granted by the Author
hereunder exceed the scope of the 17 U.S.C. 403, then the
rights granted hereunder shall be limited to the maximum

ARTICLE AND VIDEO LICENSE AGREEMENT

rights permitted under such statute. In such case, all
provisions contained herein that are not in conflict with
such statute shall remain in full force and effect, and all
provisions contained herein that do so conflict shall be
deemed to be amended so as to provide to JoVE the
maximum rights permissible within such statute.

8. Protection of the Work. The Author(s) authorize
JOVE to take steps in the Author(s) name and on their behalf
if JOVE believes some third party could be infringing or
might infringe the copyright of either the Author’s Article
and/or Video.

9. Likeness, Privacy, Personality. The Author hereby
grants JOVE the right to use the Author’s name, voice,
likeness, picture, photograph, image, biography and
performance in any way, commercial or otherwise, in
connection with the Materials and the sale, promotion and
distribution thereof. The Author hereby waives any and all
rights he or she may have, relating to his or her appearance
in the Video or otherwise relating to the Materials, under
all applicable privacy, likeness, personality or similar laws.

10. Author Warranties. The Author represents and
warrants that the Article is original, that it has not been
published, that the copyright interest is owned by the
Author (or, if more than one author is listed at the beginning
of this Agreement, by such authors collectively) and has not
been assigned, licensed, or otherwise transferred to any
other party. The Author represents and warrants that the
author(s) listed at the top of this Agreement are the only
authors of the Materials. If more than one author is listed
at the top of this Agreement and if any such author has not
entered into a separate Article and Video License
Agreement with JoVE relating to the Materials, the Author
represents and warrants that the Author has been
authorized by each of the other such authors to execute this
Agreement on his or her behalf and to bind him or her with
respect to the terms of this Agreement as if each of them
had been a party hereto as an Author. The Author warrants
that the use, reproduction, distribution, public or private
performance or display, and/or modification of all or any
portion of the Materials does not and will not violate,
infringe and/or misappropriate the patent, trademark,
intellectual property or other rights of any third party. The
Author represents and warrants that it has and will
continue to comply with all government, institutional and
other regulations, including, without limitation all
institutional, laboratory, hospital, ethical, human and
animal treatment, privacy, and all other rules, regulations,
laws, procedures or guidelines, applicable to the Materials,
and that all research involving human and animal subjects
has been approved by the Author's relevant institutional
review board.

11. JoVE Discretion. If the Author requests the
assistance of JoVE in producing the Video in the Author’s
facility, the Author shall ensure that the presence of JoVE
employees, agents or independent contractors is in
accordance with the relevant regulations of the Author's
institution. If more than one author is listed at the

beginning of this Agreement, JoVE may, in its sole

612542.6  For guestions, please contact us at submissions@jove.com or +1.617.945.9051.
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discretion, elect not take any action with respect to the
Article until such time as it has received complete, executed
Article and Video License Agreements from each such
author. JoVE reserves the right, in its absolute and sole
discretion and without giving any reason therefore, to
accept or decline any work submitted to JoVE. JoVE and its
employees, agents and independent contractors shall have
full, unfettered access to the facilities of the Author or of
the Author’s institution as necessary to make the Video,
whether actually published or not. JoVE has sole discretion
as to the method of making and publishing the Materials,
including, without limitation, to all decisions regarding
editing, lighting, filming, timing of publication, if any,
length, quality, content and the like.

12. Indemnification. The Author agrees to indemnify
JOVE and/or its successors and assigns from and against any
and all claims, costs, and expenses, including attorney’s
fees, arising out of any breach of any warranty or other
representations contained herein. The Author further
agrees to indemnify and hold harmless JoVE from and
against any and all claims, costs, and expenses, including
attorney’s fees, resulting from the breach by the Author of
any representation or warranty contained herein or from
allegations or instances of violation of intellectual property
rights, damage to the Author’s or the Author’s institution’s
facilities, fraud, libel, defamation, research, equipment,
experiments, property damage, personal injury, violations
of institutional, laboratory, hospital, ethical, human and
animal treatment, privacy or other rules, regulations, laws,
procedures or guidelines, liabilities and other losses or
damages related in any way to the submission of work to
JoVE, making of videos by JOVE, or publication in JoVE or
elsewhere by JoVE. The Author shall be responsible for, and
shall hold JoVE harmless from, damages caused by lack of
sterilization, lack of cleanliness or by contamination due to

ARTICLE AND VIDEO LICENSE AGREEMENT

the making of a video by JoVE its employees, agents or
independent contractors. All sterilization, cleanliness or
decontamination procedures shall be solely the
responsibility of the Author and shall be undertaken at the
Author's expense. All indemnifications provided herein
shall include JoVE’s attorney’s fees and costs related to said
losses or damages. Such indemnification and holding
harmless shall include such losses or damages incurred by,
or in connection with, acts or omissions of JoVE, its
employees, agents or independent contractors.

13. Fees. To cover the cost incurred for publication,
JoVE must receive payment before production and
publication of the Materials. Payment is due in 21 days of
invoice. Should the Materials not be published due to an
editorial or production decision, these funds will be
returned to the Author. Withdrawal by the Author of any
submitted Materials after final peer review approval will
result in a US$1,200 fee to cover pre-production expenses
incurred by JoVE. If payment is not received by the
completion of filming, production and publication of the
Materials will be suspended until payment is received.

14. Transfer, Governing Law. This Agreement may be
assigned by JoVE and shall inure to the benefits of any of
JoVE’s successors and assignees. This Agreement shall be
governed and construed by the internal laws of the
Commonwealth of Massachusetts without giving effect to
any conflict of law provision thereunder. This Agreement
may be executed in counterparts, each of which shall be
deemed an original, but all of which together shall be
deemed to me one and the same agreement. A signed copy
of this Agreement delivered by facsimile, e-mail or other
means of electronic transmission shall be deemed to have
the same legal effect as delivery of an original signed copy
of this Agreement.

A signed copy of this document must be sent with all new submissions. Only one Agreement is required per submission.
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1. Upload an electronic version on the JoVE submission site

2. Fax the document to +1.866.381.2236

3. Mail the document to JoVE / Attn: JoVE Editorial / 1 Alewife Center #200 / Cambridge, MA 02140
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Rebuttal Letter Click here to access/download;Rebuttal Letter;Bench Model - %
reviewers comments .docx

Editorial and production comments:

Changes to be made by the Author(s) regarding the written manuscript:

1. Please take this opportunity to thoroughly proofread the manuscript to ensure that there are no
spelling or grammar issues. The JOVE editor will not copy-edit your manuscript and any errors in
the submitted revision may be present in the published version.

Grammar revised by an external English speaking expert and autors.

2. Please submit the figures as a vector image file to ensure high resolution throughout production:
(.svg, .eps, .ai). If submitting as a .tif or .psd, please ensure that the image is 1920 pixels x 1080
pixels or 300dpi.

Pictures submitted as Tif 1920x1080

3. Please shorten the title for conciseness. Please ensure that the title matches the manuscript and
the video.

The Title was shortened.

4. Please add more details to your protocol steps. Please ensure you answer the “how” question,
i.e., how is the step performed? Alternatively, add references to published material specifying how
to perform the protocol action.

More details were added in the new protocol and video.

5. How is the trachea cleaned? Can more surgical coordinates be provided on the cutting: how
much is cut and where, etc.

More details were added on how the trachea is cleaned (see step 1 of the protocol)
6. Please provide as much directions and parameters for the experiment: How small are the pieces
cut to? Etc.

Measures and parameters were included where appropriate.

7. What instruments are used throughout?

Type of used Instruments were included in every step.

8. Please include this information in the video narration as well.

Instruments’ names were also added in video description.

9. Please ensure all figures are referenced in the text: Figure 4.

References were correctly included.

10. Please do not abbreviate journal titles.


https://www.editorialmanager.com/jove/download.aspx?id=1005835&guid=53e034a0-f737-441a-8319-5d61e6e4d6e3&scheme=1
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Journal titles corrected

11. Where is Table 1?
Table 1 is included in the submission

Changes to be made by the Author(s) regarding the video:

Due to all comments, we opted to record again the video.

1. Please increase the homogeneity between the video and the written manuscript. Ideally, the
video narration is a word for word reading of the written protocol text.

Video and text were modified and are now very similar.

2. Can the video be made less bloody? One example is 4:04; the surface they are going to place
the trachea on is already dirty with blood and animal debris. This issue is present throughout the
video, and while we understand that the subject material is somewhat graphic it does seem that

surfaces are left quite bloody when they could be cleaned to present a less gruesome visual.

During the new video recording, the table was cleaned after every steps to make the image
clearer.

3. The video cannot exceed 15 minutes in total length. The video length must be reduced to be
below 15 min.

Video has been shortened.

4. Please include title cards for each section: Introduction, Protocol, Representative Results,
Conclusion

Title cards were added.

5. Please include a short introduction before the protocol itself. Typically, this involves an on
screen interview or statement.

Short introduction was added with screen interview.

6. Please include a short conclusion session. Typically, this involves an on screen interview or
statement.

Short conclusion with screen interview was added.

7. The video must have a representative results section following the protocol. This section must
have voice-over describing the results being shown.

Section was added with voice-over

8. The video must have a concluding statement after the results section. This section must have
both audio and video.



Conclusion section was added with on screen interview

9. The video must have title cards at beginning and end. These title cards should include the
authors’ names and their affiliations.

Title cards with names and affiliation were added

10. The music should be lowered by about 6 dB, as it competes with the narrator's voice. The
narration volume should be peaking between -6 and -12 dB.

Audio was optimized

11. 0:04-0:34 - This materials section of the video could be removed to help get the video under
the length limit. The materials will be covered in the text protocol.

Material section was removed.

12. Fast motion is used throughout the video. Fast motion should be used minimally and should
not be used where animals or animal materials are involved. Instead, the steps should be edited
for length. If fast motion absolutely must be used, text should be added indicating how fast the
footage was sped up.

All the fast motion were eliminated

13. 3:05, 4:57, 5:02, 5:37, 6:31, 8:18, 8:29, 8:37, 8:43, 9:25, 9:27, 9:35, 9:48, 10:29, 11:38, 12:25,
12:29, 12:44, 12:52, 13:13, 13:29, 14:00, 14:16, 14:53, 15:00, 15:03 - The edits here are jump
cuts, which tend to have a jarring effect on the viewer. They should be smoothed out with
crossfades instead.

Jarring effect was lowered at minimum. Crossfades were used in beginning and end of the
scenes, while during the middle cuts we tried to smooth them as much as we could.

14. 4:35-4:37 - The audio at the beginning of this sentence sounds like it slowly fades up while the
narrator is talking. The audio level should be consistent throughout.

Audio was optimized

15. 8:08-8:47 - This amount of time is too long to go with no narration. Additional narration should
be added and/or this section should be edited for length.

No narration parts (>5 sec) were eliminated.

16. 14:31 - The edit here seems to flicker. This should be corrected.
17. 15:37, 15:40 - These images should fill the frame.

New video with optimized quality was made.

Please upload a revised high-resolution video
here: https://www.dropbox.com/request/Vw510FO0riHy35n9ZaJUC

Reviewers' comments:


https://www.dropbox.com/request/Vw51OF0riHy35n9ZaJUC

Please note that the reviewers raised some significant concerns regarding your method and your
manuscript. Please revise the manuscript to thoroughly address these concerns. Additionally,
please describe the changes that have been made or provide explanations if the comment is not
addressed in a rebuttal letter. We may send the revised manuscript and the rebuttal letter back to
peer review.

Reviewer #1:
Manuscript Summary:
-Needs copy editing for multiple grammatical errors throughout manuscript

A grammatical revision was conducted.

Major Concerns:

-Clarify Step 3.2-3.3 (esophagus) and add Note for why it is important to suture the way specified
step 3.2, 3.3 were specified and notes added

-Tongue stitch shown in video is not mentioned in the procedure protocol; please make sure all
critical steps of the protocol are written.

Tongue stitch was eliminated in the new perfected procedure.

-Table 1 does not appear attached to the manuscript; need to see survey attached and results as
shown in the Legend for Table 1

Table 1 was included in the submission

-Was the survey validated prior to use in this study?

A panel of experts (simulation educationalists, ENT physicians, anesthesiologists and
surgical education tutors) reviewed the survey instrument content for accuracy and provided
appropriate modifications to ensure validity of the study. A statement was added in the
Discussion

Minor Concerns:
-Step 5.2: be more specific in "hidden sutures" what is the best way to anchor the overlying skin?
Hidden sutures were eliminated in the new perfected procedure.

-How did you arrive at the reuse number quoted in the discussion (three times)? After the incision
is made, is the fidelity similar for the subsequent uses?

The number of three for reuse is due to the three different techniques that can be,
consequently, performed with this model: (1) cricotirotomy (small pierce in the inter-
cricothyroid space), (2) percutaneous dilatational tracheostomy (small horizontal incision in
the first tracheal ring), and (3) open surgical tracheostomy (large incision super-hystmic or
inter histmyc or sub-hystmic). A statement was added in the revised manuscript. (line 295)

-What supports your claim that rabbit skin is better than calf foot skin? Why? Keep consistent
throughout the manuscript what type of overlying skin tissue you utilized.



Since no evidence supported the claim but our personal experience, the given statement
was removed from the manuscript.

-Add frequency or prevalence of surgical airway management to your introduction for context

Incidence of difficult airvay management situations with the use of surgical airway
techniques was included in the Introduction (line 68)

-Add materials to list for the "V shaped cradle" holder for the model

We took the advantage of this revision to report a simpler way to hold the model (Staple the
skin to the wooden tablet)

-In protocol, change "windpipe" to "trachea"

The changes were done

-Video does not demonstrate securing model to the cradle.

Cradle eliminated in new perfected procedure and substituted with a wooden tabled

Reviewer #2:
The authors propose an ex-vivo animal model to improve the skill for performing tracheostomy and
give information how to create it

The topic is interesting

Only few comments:
1) The main limitation of this ex-vivo model is the lack of bleeding and or secretion. The authors
should comment this limit in the discussion

The limitation was included in the discussion (line 292)

2) In addition, the use of head and neck in the model could improve the skill of intubation with
bronchoscopy

Very interesting hint. However, the human neck and larynx unfortunately, after our
experiments seemed to be very different to those of most lab animals. In fact, the human
upright position lead, during the evolution of our species, to a rotation of the larynx and
pharynx to 90 degrees, a characteristic that is not found in most mammals. We tried to add
a plastic shell over the model to better represent the head and neck relative proportions and
positions and it well worked. It might be the best realistic improvement in this direction. We
did not comment it in the manuscript because it is out of its originally scope.

3) How many attempts are needing for each participant in order to acquire the skill for performing
tracheostomy in live patients ?

The question is challenging. However, the aim of the study was to describe how to
manufacture an easily-made, low-cost and high-fidelity bench-model that simulates the



human neck to perform cricothyrotomy, percutaneous and surgical tracheostomy and to
evaluate it in terms of model realism and its suitability for training the given clinical
maneuvers.

Further studies, with wider cohort of participants and with a reliable skills evaluation
system, are needed to address the issue.



