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Abstract

Background

An accurate estimation of tracheal diameter for endotracheal tube size selection is
imperative in the pediatric population, with ultrasound shown to be an acceptable
and superior method of endotracheal tube size estimation when compared to

conventional age-based methods.
Aim
To compare the accuracy of endotracheal tube size estimation using airway

ultrasound to age-based formula in the South African pediatric population.
Methods

This was a prospective observational study, with 54 patients, American Society of
Anesthesiologists physical status I-Ill, aged two to 12 years old, scheduled for
elective surgery at Chis Hani Baragwanath Academic Hospital, South Africa.
Patients were allocated to two groups, the age-based method group or ultrasound
method group. The accuracy of each method used for endotracheal tube estimation
was assessed using a standardized leak test. Post intubation endotracheal tube cuff
pressures were measured and post operative follow up was done to assess for

features of airway injury.
Results

The ultrasound method was a more accurate estimate of endotracheal tube size
(74.47%) compared to the age-based method (29.63%) (p = 0.0011). In all cases a
cuffed endotracheal tube was used. No difference was seen between the mean
endotracheal tube cuff pressure between the groups with a large proportion of

patients having underinflated endotracheal tube cuffs.
Conclusion

Ultrasound is a more accurate predictor of appropriate ETT size in the pediatric
population compared to a conventional age-based formula. The use of ultrasound for
the estimation of ETT size is an accurate, non-invasive, and reproducible technique

with potential for long-term cost saving and reduced complications. Ultrasound is



becoming readily accessible in the theatre setting in South Africa and with
appropriate training and expertize, this bedside tool has the potential for more

widespread uptake and may be a more accurate means of determining endotracheal

tube size in children.
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Section 1: Literature review

1.1 Introduction

Anaesthetists require proficiency in the skill of airway management (1, 2). A
knowledge of airway anatomy, physiology, and pathology is needed as they have
implications on an anaesthetist’s ability to secure it (1). General anaesthesia with an
endotracheal tube (ETT) is the most common anaesthetic technique in paediatric
patients (3, 4). The intubation of paediatric patients is a challenge due to the
anatomical and physiological differences between a paediatric and adult airway,
added to this selecting an appropriately sized ETT is complicated (1).

The anatomical differences between an adult and paediatric airway become less
prominent with increasing age (3, 5). The paediatric patient’s head is larger relative
to their body size, with a prominent occiput and short neck (3, 5). They have a larger
tongue, shorter mandible and the larynx is more cephalic with a longer, stiffer, U-
shaped epiglottis, that sits at a 45-degree angle from the anterior laryngeal wall (3,
5). The vocal cords are angled in an anterior-inferior to a posterior-superior position
(5). The mucous membranes are loosely attached by submucosa tissue and prone to
airway oedema (3). These differences predispose them to airway obstruction and
difficult laryngoscopy. The cricoid ring is the narrowest portion of the paediatric
airway compared to the glottic opening in adults making the airway funnel shaped (3,
5). Typically, direct laryngoscopy does not enable the anaesthetist to view the

narrowest point of the paediatric airway (3).

The paediatric population is prone to rapid desaturation, hypoxaemia, and
hypercapnia during periods of apnoea (1, 6). This most commonly occurs during
laryngoscopy. Repeated intubation attempts may also result in awareness,

laryngospasm, and bronchospasm (7).

Complications also occur due to the use of incorrectly sized ETTs. If too small, there
will be increased resistance to gas flow, risk of aspiration, insufficient ventilation,
leakage of anaesthetic volatile agents into the theatre environment and inaccurate
end tidal carbon dioxide and gas monitoring (8-10). If too large they can cause
significant airway trauma, resulting in laryngeal oedema, stridor, local ischaemia,

ulceration of the tracheal mucosa, granulation tissue formation, scar formation and



subglottic stenosis. These result in increased resistance to airflow and work of
breathing (11-14).

An accurate estimation of tracheal diameter to select an appropriate ETT size prior
to laryngoscopy would reduce airway instrumentation to a minimum, reduce the
number of ETT exchanges, and reduce the risk of the complications mentioned
above (7, 14-16). Different methods based on physical characteristics are available
to determine the size ETT needed for the paediatric population (17). These are
based on age (18, 19), height (20, 21), and the width of the fifth finger (22).

Two age-based formulae frequently utilised are the modified Coles formula and the
Khine’s formula (18, 19). The Modified Coles formula (age in years/4 + 4) is used for
uncuffed ETTs, adapted from Cole in 1957 (6, 18). The Khine’s formula (age in
years/4 + 3) (19) was developed for use with cuffed ETTs. It was adapted from the
Modified Coles formula, to select a smaller internal diameter ETT, which
accommodates the extra space needed for the cuff (19). These methods of ETT size
selection are recommended in texts (6) but little data is available on the validation of
these formulae (22). Literature shows age-based formulae tend to over-estimate ETT
size (7, 23). This has clinical implications as an ETT that is too big may cause
complications (11-14).

The Broselow tape is a colour coded length-based tape which correlates a paediatric
patient’s height and weight to medical instructions such as drug dosages and
equipment size, including the size of ETT needed for intubation (20). It is
recommended by the Advanced Trauma Life Support (24) and Pediatric Life Support
(25) groups and is used globally (20). It was validated on American and European
paediatric patients (21). However, these showed an appropriate ETT size was only
selected 77% of the time in American (26) and 55% in European children (20). It
appeared to be more accurate than age-based formula (20, 26). Other height-based

formula are available but have not been validated (21).

Another method endorsed by the Pediatric Life support (25) and Advanced Trauma
Life Support (24) groups is the selection of an ETT by choosing the closest in
diameter to that of the 5" digit. This is done by holding an ETT over the little finger
(22). There is little data available on the validation of this method (22).



These methods have been shown to lack accuracy (4, 7, 23, 27-31). Some were
developed and only validated on patients from western populations (20). These
methods are not able to factor in differences seen in growth, development, and
organ size in different populations for various reasons such as genetic, socio-
economic, and environmental factors making them likely to be inaccurate (23, 29).
The application of these methods can also be subjective (22).

An alternative method of ETT size selection has been investigated involving the
direct measurement of the diameter of a paediatric patient’s trachea using airway
ultrasound (US). The tracheal diameter can be measured prior to intubation, to select
an appropriate ETT size for intubation (29, 32). There are multiple methods available

to visualise tracheal diameter which include:

e Direct visualisation measurements: Direct laryngoscopy and video-assisted
devices.
e Semi-direct visualisation measurements: Magnetic resonance imaging,

Computer tomography, X-ray, and US (1, 29)

Ultrasound has become more readily utilised in clinical medicine as it has several
advantages. It is a reliable, safe, pain free, non-invasive, more readily available,

portable bedside tool, and provides real time data (31).

Ultrasound technology and quality has improved which previously hampered its use
for airway procedures (33). There is growing evidence for the use of airway US in the
paediatric population (33). It is used as a pre-screening intubation tool for difficult
laryngoscopy, selection of ETT size, confirmation of ETT placement and depth and
to detect laryngeal mask airway malrotation. It assists in procedure guidance for
percutaneous cricothyroidotomy, percutaneous dilatational tracheostomy and airway
nerve blocks (33-35). Airway US can be used to measure the column of air at the
level of the cricoid cartilage to predict an appropriately sized ETT prior to intubation
(7, 31, 32).

Lakhal et al. (32) demonstrated that US is comparable in accuracy to magnetic
resonance imaging when measuring the diameter of the air column at the level of the
cricoid cartilage. A non-experienced physician was able to accurately measure
subglottic diameter after just 15 airway US procedures being performed before data

collection (32). A study in Canada found physicians were able to accurately detect



ETT placement with 98% sensitivity and 100% specificity after one tutorial and two
practice attempts (36). A study done in Turkey showed that after a one hour course
and one live demonstration, anaesthesia registrars with no prior experience had an

overall success rate in correct ETT size determination of 77.5% (37).

Several studies have been conducted comparing the use of the airway US method to
the conventional methods of ETT size selection to determine which is more accurate
in selecting the most appropriate ETT in paediatric patients. A summary of the
results and methods used in some of these studies is shown in Table 1. The results
from these studies show that the airway US method of ETT size selection is more
accurate than conventional methods in selecting an appropriately size ETT (4, 7, 23,
27-31, 38).

A systematic review by Saravia et al. (39) and Gupta et al. (40) confirmed that the
US method of ETT size selection is a reproducible and more accurate method when
compared to age-based formulae used for the estimation of ETT size in the
paediatric population. The US method was shown to have a mean accuracy of 86%
across the studies analysed but the accuracy did range widely from 48% to 100%.
The accuracy of age-based formulae was reported to be lower (mean accuracy of
54%), also with a wide range of accuracy of 24% to 95% (39).

To determine if an ETT is appropriately sized, the standard leak test can be done (6,
41, 42). This test is performed once a paediatric patient is intubated with an ETT.
The fresh gas flow rate is set to 5 litres/min, the patient is positioned supine with the
head in neutral position (43). A pressure of 25 cmH-20 is applied to the breathing
circuit. An audible air leak around the ETT is listened for by placing a stethoscope
over the skin of the larynx (42). If a leak is present, the ETT is appropriately sized
and if no audible leak is detected, the ETT is too large and should be exchanged.
Studies have found that 50% of patients who developed post intubation croup
(described as any feature of airway obstruction i.e., hoarseness, stridor or sternal
retraction) did not have a leak around their ETT at a pressure of 25 cmH20 (41).

This method does have limitations (44). Factors which may influence the pressure at
which a leak occurs include head position, the degree of neuromuscular blockade,
the depth of the ETT and the inspiratory flow rate. There has also been significant

inter-observer difference noted when conducting the leak test (45). There is currently



Table 1: Studies comparing US method to conventional methods used to determine appropriate ETT size in paediatric patients

Study Author, Country and ETT type: Condition of US Measurement | Appropriate leak | Results: Accuracy of Results: Accuracy of US
Year: Population: CETT, us CC level: pressure comparator method (%) method (%)
UCETT, or measurement: (cmH20):
both

Shibasaki et al., | Japan Both Apnoea with Lower border 10- 20 Aged-based formula: Agreement ratio:
2010 (7). n: 192 NMBA Agreement ratio: 98 (CETT)

Age: 1 mo - 35 (CETT) 96 (UCETT)

6yrs 60 (UCETT). (p<0.001)
Bae et al., 2011 | Korea Not specified | Apnoea with Mid 15-30 Age-based formula: 31 60 (p<0.001)
(27). n: 141 NMBA, CPAP of

Age: < 8yrs 10 cmH20
Sutagatti et al., | India Both Patients awake | At CC 10- 20 Age-based formula: 75 89 (p<0.001 when compared with
2017 (31). n: 75 Height-based formula: 36 height-based formula).

Age: 1-14yrs
Altun et al., Turkey CETT Apnoea with At CC 10- 25 Age-based formula: 47 88
2017 (23). n: 152 NMBA Height-based formula: 59

Age: 1-10yrs
Laksono et al., Indonesia CETT Apnoea with Lower border 10- 30 Height-based formula: 64 92 (p<0.05)
2020 (29). n: 40 NMBA Fifth finger method: 69

Age: 1-5yrs
Elshazly et al., Egypt CETT Apnoea with Lower border 10- 30 Age-based formula: 68 92 (p<0.05)
2020 (28). n: 54 NMBA

Age: 1-6yrs
Agrawal et al., India Both Apnoea with At CC 10- 25 Age-based formulae: 60 88 (p<0.001)
2020 (30). n: 60 NMBA

Age: upto 12

yrs
Gnanaprakasam | India UCETT Apnoea with At CC 10- 20 Age-based formula: 45 75 (p<0.001)
etal., 2021 (4). | n: 150 NMBA

Age: 2-6yrs
Ekor et al., 2022 | North-west CETT Apnoea with Lower border 10-20 Age-based formula: 66 98 (p<0.001)
(38) Africa NMBA

n: 106

Age: 1-10 yrs

n: number, mo: months, yrs: years, CETT: cuffed ETT, UCETT: uncuffed ETT,

CPAP: continuous positive airway pressure, CC: cricoid cartilage NMBA: neuromuscular blocking agent, p: p-value




no suitable alternative method available to determine an appropriately sized ETT
(27, 43).

There are two types of ETT type available for clinical use, which are cuffed and
uncuffed, with literature showing no preference for use of either type (39, 46). There

are known advantages and disadvantages to the use of either cuff type.

Advantages with the use of uncuffed ETTs are that a larger internal diameter ETT is
often used which decreases resistance to airflow. This lowers work of breathing and
allows for easier suctioning. Uncuffed ETTs cause less trauma to the airway mucosa
and cost less than cuffed ETTs (19). Disadvantages include a higher incidence of re-
intubation which leads to a higher incidence of complications (46, 47). Oversized
tubes can cause airway injury and as there is no cuff air leaks occur, which cause
ventilation difficulties, inaccurate end tidal gas concentration measurements and
atelectasis. There is also environmental contamination of anaesthesia gases and risk

of aspiration (47).

Advantages with the use of cuffed ETTs are that they allow for lower fresh gas flow
rates, with less use of inhalational agents, allowing for economical anaesthesia
delivery. The seal created by the cuff reduces air pollution, lowers the incidence of
reintubations and improves ventilation and end tidal gas monitoring (19, 48-50).
Disadvantages are that cuffed ETTs are costly. A smaller internal diameter ETT
needs to be used causing increased work of breathing due to higher resistance to
airflow, with a higher chance of ETT obstruction and difficulty in suctioning. They are
more complicated to use, require additional cuff pressure monitoring and are prone
to inappropriate placement due to variations in design and lack of appropriate depth

markers. Tracheal mucosa damage may still occur from the cuff (47).

ETT cuff pressure monitoring in theatre is not routine practice (51). Tracheal injury
caused by an overinflated ETT cuff is related to the absolute pressure of the ETT
cuff and duration of exposure to this pressure. The former contributing more, but
tracheal mucosal injury can also occur within 15 minutes of exposure to a high ETT
cuff pressure (52). Endotracheal tube cuff pressures are a dynamic process and are
affected by body temperature, head position, movement, depth of anaesthesia,
neuromuscular blockade, and the use of nitrous oxide. This makes cuff pressure

monitoring complex (44, 47).



Guidelines for optimal ETT cuff pressure ranges are not available in paediatric
patients (52). It is suggested that ETT cuff pressures in adults be kept less than 20 -
30 cmH20 (44). In normotensive adults, tracheal mucosal blood flow becomes
compromised at pressures of 30 cmH20 and completely occluded at pressures of 50
cmH20 (53). No studies have been conducted on paediatric patients and the actual
value is unknown, but mucosal capillary pressures may be lower (47, 52). The 2015
American Heart Association Pediatric Life Support guidelines have suggested a

pressure range of 20 - 25 cmH20 in children under 9 years old (54).

Anaesthetists use free inflation techniques to inflate the cuffs of ETTs which have
been shown to be unreliable (47, 52, 55, 56). Measuring cuff pressure is a definitive
method for keeping pressures in an acceptable range. ETT cuff pressure
measurement is done by attaching a manometer to the pilot balloon of the ETT via a
3 way stop-cock (57). This allows for the cuff pressure to be recorded and adjusted

appropriately, yet these are not routinely available in theatres (44, 47, 57).

Determining the size of the narrowest portion of a paediatric patient’s airway to
select the most clinically appropriately sized ETT remains a challenge for
anaesthetists. An inappropriately sized ETT can result in complications which may
cause significant morbidity to paediatric patients presenting to theatre (8-14).
Conventional methods of ETT size selection lack accuracy and visualisation of the
trachea with US has been shown to be a better alternative (4, 7, 23, 27-31, 39, 40).
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Abstract/Summary
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Conclusions.

Other Requirements
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the full suite of reporting guidelines (both quantitative and qualitative).
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submit the study protocol as supplementary material.
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must conform to PRISMA guidelines http://www.prisma-statement.org (these have
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supplementary material.

Guidelines for Medicine Ingredient Names

Authors should ensure that drug names included in their submission align with any
names used internationally. These guidelines can be found

at: https://www.tga.gov.au/updating-medicine-ingredient-names-list-affected-
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PREPARING YOUR SUBMISSION

Free Format Submission

Pediatric Anesthesia now offers Free Format submission for a simplified and

streamlined submission process. Before you submit, you will need:

Your manuscript: this should be an editable file including text, figures, and tables, or
separate files — whichever you prefer. All required sections should be contained in
your manuscript, including abstract, introduction, methods, results, and conclusions.
Figures and tables should have legends. Figures should be uploaded in the highest
resolution possible. References may be submitted in any style or format, as long as it
Is consistent throughout the manuscript. Supporting information should be submitted
in separate files. If the manuscript, figures or tables are difficult for you to read, they
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the quality of English language is poor.
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An ORCID ID, freely available at https://orcid.org. (Why is this important? Your
article, if accepted and published, will be attached to your ORCID profile. Institutions

and funders are increasingly requiring authors to have ORCID IDs.)
The title page of the manuscript, including:

Your co-author details, including affiliation and email address. (Why is this
important? We need to keep all co-authors informed of the outcome of the peer

review process.)

Statements relating to our ethics and integrity policies, which may include any of the
following (Why are these important? We need to uphold rigorous ethical standards

for the research we consider for publication):

e data availability statement

« funding statement

o conflict of interest disclosure

« ethics approval statement

e patient consent statement

e permission to reproduce material from other sources

e clinical trial registration

To submit, login at https://wiley.atyponrex.com/journal/PAN and create a new

submission. Follow the submission steps as required and submit the manuscript.

If you are invited to revise your manuscript after peer review, the journal will also
request the revised manuscript to be formatted according to journal requirements as
described below.

Cover Letters

We encourage that a cover letter is also included. This should be signed by the

corresponding author and stating on behalf of all the authors that the work has not

been published and is not being considered for publication elsewhere.
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Parts of the Manuscript

Manuscripts must be numbered consecutively in the following sequence: Title Page;

Abstract and key words, if required; Main Body of Text; References; Tables and

Figure caption List.

Vi.

Vii.

Title page

Abstract and keywords

Main body of text; including Acknowledgements, Conflict of Interest Statement
References

Tables (each table complete with title and footnotes)

Figure captions

Appendices including Footnotes (if relevant).

Figures and supporting information should be supplied as separate files.

Title page

A short informative title containing the major key words. The title cannot be a
statement of fact. The title should not contain abbreviations (see

Wiley's best practice SEO tips);

A short running title of less than 40 characters;

The full names of the authors; List each contributor's name and institutional
affiliation. Please refer to the journal’s Authorship policy in the Editorial
Policies and Ethical Considerations section for details on author listing
eligibility.

Corresponding Author: Provide the name, postal and e-mail address, fax and
telephone number of the contributor responsible for the manuscript and
proofs. This is the person to whom all correspondence will be sent. The
corresponding author is responsible for keeping the editorial office updated
with any change in details until the paper is published.

The author's institutional affiliations where the work was conducted, with a
footnote for the author’s present address if different from where the work was

conducted.
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Abstract and Keywords

The abstract must not include abbreviations and must have complete sentences.
Please provide 3-6 keywords. Keywords should be taken from those recommended
by the US National Library of Medicine's Medical Subject Headings (MeSH) browser

list at https://www.nlm.nih.gov/mesh/.

Main body of text

Follow the structure of paper type as outlined in the Table above.

If a method or tool is introduced in the study, including software, questionnaires, and
scales, the author should state the license this is available under and any
requirement for permission for use. If an existing method or tool is used in the
research, the authors are responsible for checking the license and obtaining the
permission. If permission was required, a statement confirming permission should be

included in the Methods and Materials section.

Acknowledgments

Contributions from anyone who does not meet the criteria for authorship should be
listed, with permission from the contributor, in an Acknowledgments section.
Financial and material support should also be mentioned. Thanks to anonymous

reviewers are not appropriate.

Conflict of Interest Statement

The journal requires that all authors disclose any potential sources of conflict of
interest. Any interest or relationship, financial or otherwise that might be perceived
as influencing an author's objectivity is considered a potential source of conflict of
interest. These must be disclosed when directly relevant or directly related to the
work that the authors describe in their manuscript. Potential sources of conflict of
interest include, but are not limited to, patent or stock ownership, membership of a
company board of directors, membership of an advisory board or committee for a
company, and consultancy for or receipt of speaker's fees from a company. The

existence of a conflict of interest does not preclude publication. If the authors have
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responsibility of the corresponding author to review this policy with all authors and
collectively to disclose with the submission ALL pertinent commercial and other
relationships.
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be as complete as possible. In text citations should cite references in consecutive
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Journal article:

1. King VM, Armstrong DM, Apps R, Trott JR. Numerical aspects of pontine, lateral
reticular, and inferior olivary projections to two paravermal cortical zones of the cat
cerebellum. J Comp Neurol. 1998;390:537-551.

Book:
2. Voet D, Voet JG. Biochemistry. New York: John Wiley & Sons; 1990. 1223 p.
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Tables

Tables should be self-contained and complement, not duplicate, information
contained in the text. They should be supplied as editable files, not pasted as
Images. Legends should be concise but comprehensive — the table, legend, and
footnotes must be understandable without reference to the text. All abbreviations
must be defined in footnotes. Footnote symbols: T, 1, §, ], should be used (in that

order). Statistical measures such as SD or SEM should be identified in the headings.
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Figure Legends

Legends should be concise but comprehensive — the figure and its legend must be
understandable without reference to the text. Include definitions of any symbols used

and define/explain all abbreviations and units of measurement.

Figures

Although authors are encouraged to send the highest-quality figures possible, for
peer-review purposes, a wide variety of formats, sizes, and resolutions are accepted.
Click here for the basic figure requirements for figures submitted with manuscripts
for initial peer review, as well as the more detailed post-acceptance figure

requirements.

Color figures. Figures submitted in color may be reproduced in color online free of
charge. Please note, however, that it is preferable that line figures (e.g. graphs and
charts) are supplied in black and white so that they are legible if printed by a reader

in black and white.
Footnotes

Footnotes should be placed as a list at the end of the paper only, not at the foot of
each page. They should be numbered in the list and referred to in the text with
consecutive, superscript Arabic numerals. Keep footnotes brief; they should contain
only short comments tangential to the main argument of the paper and should not

include references.
Additional Files
Supporting Information

Supporting information is information that is not essential to the article but provides
greater depth and background. It is hosted online and appears without editing or

typesetting. It may include tables, figures, videos, datasets, etc.

Click here for Wiley’s FAQs on supporting information.
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Note: if data, scripts, or other artefacts used to generate the analyses presented in
the paper are available via a publicly available data repository, authors should

include a reference to the location of the material within their paper.

General Style Points

The following points provide general advice on formatting and style.

e The journal uses US spellings

e Abbreviations: In general, abbreviations should be avoided. Terms should not
be abbreviated unless they are used repeatedly, and the abbreviation is
already well known to all readers. Initially, use the word in full, followed by the
abbreviation in parentheses. Thereafter use the abbreviation only.
Abbreviations for medications or treatments are not acceptable.

e Units of measurement: Measurements should be given in Sl or Sl-derived
units. Visit the Bureau International des Poids et Mesures (BIPM) website for
more information about SI units.

e Numbers: numbers under 10 are spelled out, except for: measurements with a
unit (8mmol/l); age (6 weeks old), or lists with other numbers (11 dogs, 9 cats,
4 gerbils).

e Trade Names: Chemical substances should be referred to by the generic
name only. Trade names should not be used. Drugs should be referred to by
their generic names. If proprietary drugs have been used in the study, refer to
these by their generic name, mentioning the proprietary name and the name

and location of the manufacturer in parentheses.

Wiley Author Resources

Manuscript Preparation Tips: Wiley has a range of resources for authors preparing
manuscripts for submission available here. In particular, we encourage authors to

consult Wiley’s best practice tips on Writing for Search Engine Optimization.

Article Preparation Support

Wiley Editing Services offers expert help with English Language Editing, as well as

translation, manuscript formatting, figure illustration, figure formatting, and graphical
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abstract design — so you can submit your manuscript with confidence. Also, check

out our resources for Preparing Your Article for general guidance about writing and

preparing your manuscript.

Wiley has an Online Video Broadcast Release form available to use.
EDITORIAL POLICIES AND ETHICAL CONSIDERATIONS

Peer Review and Acceptance

The acceptance criteria for all papers are the quality and originality of the research
and its significance to our readership. Except where otherwise stated, manuscripts
are single-blind peer reviewed. Papers will only be sent to review if the Editor-in-
Chief determine that the paper meets the appropriate quality and relevance

requirements.
Wiley's policy on confidentiality of the review process is available here.
Minimal Reporting standards

All research reports submitted to the journal must comply with the minimal

reporting standards for data this journal. Papers not meeting this requirement may

be rejected without review.
Guidelines on Publishing and Research Ethics in Journal Articles

Please review Wiley’s policies surrounding human studies, animal studies, clinical

trial registration, biosecurity, and research reporting guidelines here.

Proteins sequence data should be submitted to either of the following repositories:

e Protein Information Resource (PIR): pir.georgetown.edu
e SWISS-PROT: expasy.ch/sprot/sprot-top
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Human study guidelines

Manuscripts concerned with human studies must contain statements indicating that
informed, written consent has been obtained from the patient/parent or guardian and

submitted as a form.

A statement describing explicitly the ethical background to this study and any
institutional or national ethical committee approval has been included in the
manuscript. Or a statement with details of the exception from ethical review that has
been granted by the relevant body. The study must comply with the ethical
principles and guidelines of the relevant countries where the study was performed

and the nations of the study’s sponsor.

If individuals might be identified from a publication (e.g. from images, audio, video)
authors must obtain explicit consent from the individuals/parents or guardian and
submitted as a form. If in some circumstances it has been impossible or impractical
with the best endeavours of those concerned to contract the patient/parent or

guardian, the journal will consider publishing these images.

The journal refers to the World Health Medical Association Declaration of Taipei
on Ethical Considerations Regarding Health Databases and Biobanks. Patient
anonymity should be preserved. Photographs need to be cropped sufficiently to
prevent human subjects being recognized (or an eye bar should be used). Images
and information from individual participants will only be published where the authors
have obtained the individual's free prior informed consent. Authors do not need to
provide a copy of the consent for to the publisher; however, in signing the author
license to publish, authors are required to confirm that consent has been obtained.

Wiley has a patient consent form available for use.
Publication Ethics

This journal is a member of the Committee on Publication Ethics (COPE). Note
this journal uses iThenticate’s CrossCheck software to detect instances of

overlapping and similar text in submitted manuscripts. Read Wiley’s Top 10.
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Prospective Trial Registration

In order to be published in Pediatric Anesthesia, all interventions must have been
registered in an Internationally recognised platform including any one of the primary
registries in the WHO registry network, or an ICMJE approved registry at the
beginning of the research process (prior to patient recruitment). The following
information must be provided: trial registration number, date registered, the date the
first participant was recruited, and the date of ethics approval. If your paper reports a
clinical trial, you must complete and upload this form when submitting your

manuscript.
Prospective trial registration serves many purposes:
It avoids duplication of effort because others know the work is going on

I.  Itaims to enhance the quality of trial reporting by making the protocol a matter
of public record and therefore making selective reporting of outcomes and
post hoc protocol changes less likely and ensuring they are explicitly
acknowledged as such.

ii.  Most importantly, it ensures the safety and explicit informed consent of

participants in advance of any treatment or intervention commencing.

For these reasons, Pediatric Anesthesia does not consider unregistered, or

retrospectively registered trials.

The journal follows the WHO definition of a clinical trial.
PUBLICATION PROCESS AFTER ACCEPTANCE

Author Services

When your accepted article is received by Wiley’s production team, you
(corresponding author) will receive an email asking you to login or register

with Author Services.
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Author Licensing

If your paper is accepted, the author identified as the formal corresponding author
will receive an email prompting them to log in to Author Services, where via the
Wiley Author Licensing Service (WALS) they will be required to complete a copyright

license agreement on behalf of all authors of the paper.

Authors may choose to publish under the terms of the journal's standard copyright

agreement, or OnlineOpen under the terms of a Creative Commons License.

General information regarding licensing and copyright is available here. To review
the Creative Commons License options offered under OnlineOpen, please click
here. (Note that certain funders mandate that a particular type of CC license has to

be used; to check this please click here.)

Self-Archiving definitions and policies. Note that the journal’'s standard copyright
agreement allows for self-archiving of different versions of the article under specific
conditions. Please click here for more detailed information about self-archiving

definitions and policies.
Accepted Articles

The journal offers Wiley’s Accepted Articles service for all manuscripts. This service
ensures that accepted ‘in press’ manuscripts are published online very soon after
acceptance, prior to copy-editing or typesetting. Accepted Articles are published
online a few days after final acceptance, appear in PDF format only, are given a
Digital Object Identifier (DOI), which allows them to be cited and tracked, and are
indexed by PubMed. After publication of the final version article (the article of
record), the DOI remains valid and can continue to be used to cite and access the

article.

Accepted Articles will be indexed by PubMed; submitting authors should therefore
carefully check the names and affiliations of all authors provided in the cover page of
the manuscript so it is correct for indexing. Subsequently the final copyedited and
proofed article will appear in an issue on Wiley Online Library; the link in PubMed will
automatically be updated.
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is responsible for all statements made in their work, including changes made during
the editorial process — authors should check proofs carefully. Note that proofs should

be returned within 48 hours from receipt of the email.
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Abstract
Background

An accurate estimation of tracheal diameter for endotracheal tube size selection is
imperative in the pediatric population, with ultrasound shown to be an acceptable
and superior method of endotracheal tube size estimation when compared to

conventional age-based methods.
Aim

To compare the accuracy of endotracheal tube size estimation using airway

ultrasound to age-based formula in the South African pediatric population.
Methods

This was a prospective observational study, with 54 patients, American Society of
Anesthesiologists physical status I-Ill, aged two to 12 years old, scheduled for
elective surgery at Chis Hani Baragwanath Academic Hospital, South Africa.
Patients were allocated to two groups, the age-based method group or ultrasound
method group. The accuracy of each method used for endotracheal tube estimation
was assessed using a standardized leak test. Post intubation endotracheal tube cuff
pressures were measured and post operative follow up was done to assess for

features of airway injury.
Results

The ultrasound method was a more accurate estimate of endotracheal tube size
(74.47%) compared to the age-based method (29.63%) (p = 0.0011). In all cases a
cuffed endotracheal tube was used. No difference was seen between the mean
endotracheal tube cuff pressure between the groups with a large proportion of
patients having underinflated endotracheal tube cuffs.

Conclusion

Ultrasound is a more accurate predictor of appropriate ETT size in the pediatric
population compared to a conventional age-based formula. The use of ultrasound for
the estimation of ETT size is an accurate, non-invasive, and reproducible technique
with potential for long-term cost saving and reduced complications. Ultrasound is

becoming readily accessible in the theatre setting in South Africa and with
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appropriate training and expertize, this bedside tool has the potential for more
widespread uptake and may be a more accurate means of determining endotracheal

tube size in children.
Introduction

The accurate estimation of tracheal diameter to select an appropriately sized
endotracheal tube (ETT) is imperative in the pediatric population as it keeps airway
instrumentation to a minimum, reduces the number of ETT exchanges and the time
to intubation, thereby reducing the risk of complications & 2. The intubation of a
pediatric patient is also challenging due to anatomical differences between a
pediatric and adult airway ¢ 2. Furthermore, during direct laryngoscopy, the

narrowest portion of the pediatric airway cannot be visualized & 2,

Point of care ultrasound has become frequently utilized in clinical medicine.
Ultrasound (US) has been shown to be a reliable, safe, pain free, non-invasive,
portable bedside tool capable of providing real time data ©®. Ultrasound can be
used to measure the column of air at the level of the cricoid cartilage to predict an
appropriately sized ETT in the pediatric population, this is known as the subglottic
diameter * %, The current gold standard for the measurement of subglottic diameter
IS magnetic resonance imagining (MRI), but the routine use of MRI is not practical
due to cost and feasibility @ ©. The accuracy of US in measuring subglottic diameter
has been shown to be comparable to MRI, and the technique is easily learnt by non-

experienced physicians © 9

The use of US for the estimation of ETT size in the pediatric population is a
reproducible and accurate method of ETT size estimation when compared to several
conventional methods based on physical characteristics including age, weight, height
and the width of the fifth finger “9. The most widely used conventional method is
age-based formulae ™. Examples are of these are the Modified Coles " and Khine

formula (8,

Conventional methods have been shown to lack accuracy and consistency in
estimating an appropriate ETT size & 7 This is because these methods have not
been validated across different population groups and variations in airway diameter

cannot be determined based on a single physical characteristic ¢ 7,
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No investigations have been done evaluating the use of US for the estimation of ETT
size in the South African pediatric population. Knowledge of this is important due to
the complications which may occur with the use of an incorrectly sized ETT. If too
small, there will be increased resistance to gas flow, risk of aspiration, insufficient
ventilation, leakage of anaesthetic volatile agents into the theatre environment and
inaccurate end tidal carbon dioxide and gas monitoring © 5. If too large, airway
trauma, resulting in laryngeal edema, stridor, local ischemia, ulceration of the
tracheal mucosa, granulation tissue formation, scar formation and subglottic stenosis

may occur © 19,

The aim of this study was to compare the accuracy of ETT size estimation using
airway US to the local convention, of using age-based formula in the South African
pediatric population. The objectives were to describe subglottic diameter using
airway US, describe the size of ETT needed using age-based formulae, describe the
incidence of leak and compare the accuracy of airway US versus age-based
formulae. The secondary objectives were to describe the type of ETT used, describe
re-intubation frequency and to describe cuff pressures in cases where cuffed ETTs

were used.
Methods

This study was a prospective, observational study. The study population included
pediatric patients presenting for elective surgery at Chris Hani Baragwanath
Academic Hospital (CHBAH) situated in Soweto, Johannesburg, Gauteng, South
Africa. It is a tertiary public hospital, with approximately 3200 beds and is a teaching
hospital affiliated to the University of the Witwatersrand. CHBAH caters to a large,
diverse population group providing services to the impoverished, patients living in
urban areas and those referred from other provinces due to a lack of access to

tertiary health care.

Ethics approval was granted by the Wits Human Research Ethics Committee
(Medical) (Reference R14/49) and permission granted by the CHBAH Medical
Advisory Committee. The study was registered and approved on the National Health
Research Data base (reference: GP 202201 065).
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Consecutive convenience sampling was used. The inclusion criteria were patients
aged two to 12 years, presenting for elective surgery requiring general anesthesia
and intubation with an ETT and American Society of Anesthesiologists (ASA)
physical status | to Ill patients. The exclusion criteria were patients requiring a rapid
sequence induction, ASA physical status IV or more, an anticipated difficult airway, a
haemodynamically unstable patient and lesions, deformities or previous procedures

which may have influenced US assessment of the airway.

In all cases, in person, written informed consent was obtained from the caregivers of
the patients as well as written assent from the patients where appropriate, based on
the child’s maturity and understanding of the study, prior to arrival in theatre. In

situations when understanding due to a language barrier was a concern, a translator

was used.

The sample size was determined using accuracy of ETT size estimation as the
primary variable for each method. Altun et al © found airway US correlated with the
best fit ETT in 88% of pediatric patients where an age-based formula was 48%
accurate. Pearson’s chi-squared test, with alpha value = 0.05, power = 90%, delta =

40%, P1 = 48% and P2 = 88%, gave a sample size of 54 patients (27 patients per
group).

Patients were allocated to one of two groups, in chronological order of presenting to
theatre. In group one, the age-based method was used to calculate ETT size. The
modified Coles formula (age in years/4 + 4) ") was used for uncuffed ETTs and the
Khine’s formula (age in years/4 + 3) ®® for cuffed ETTs. In group two the US method
was used to measure the subglottic transverse diameter for ETT size selection. The

decision of the type of ETT used was made by the attending anesthetist.

No data on the use of premedication was collected as administration was at the
discretion of the attending anesthetist. The patient was placed supine on the theatre
bed and standard ASA monitors applied. Pre-oxygenation with 100% oxygen was
done prior to induction. Induction of general anaesthesia was performed (either an
inhalational or intravenous induction). Intravenous access was then obtained for
those receiving an inhalational induction. Apnoea was then induced, with either
propofol, an opioid or neuromuscular blocking agent (NMBA). Once apnoeic, bag

mask ventilation was commenced.
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All US measurements were done by the principal researcher, with the patient supine
and head in the neutral position. A linear US probe (Vivid™ Iq, GE Healthcare),
frequency four to 10 MHz, in high resolution B mode was used. The US probe was
placed transversely on the midline of the anterior portion of the neck (Figure 1A).
Firstly, the vocal cords were visualized, and the probe was moved caudally to
identify the cricoid cartilage, this avoided confusion between the cricoid cartilage and
the first tracheal ring Y. Once the cricoid cartilage was identified, bag mask
ventilation was briefly stopped, this prevented changes in airway diameter during
ventilation ©®. The adjustable pressure—limiting (APL) valve was set to 10 cmH20
maintaining patency of the trachea ?. The subglottic diameter was then measured at
the level of the cricoid cartilage, shown in Figure 1B, defined as the diameter of the
hyperechoic air shadow transmitted at the level of the cricoid cartilage  ® 4. This

measurement was correlated to the closest outer diameter (< 0.3 mm) of the ETT

which was used for intubation @2,

Figure 1: A: Placement of the Ultrasound probe, B: Ultrasound image at the level of the cricoid
cartilage. Arrow indicating the measurement of the subglottic diameter, the acoustic air shadow
emitted at this level.

In all patients a standardized leak test was performed to assess the appropriateness
of the size ETT selected © 9. The patient’s head was placed in the neutral position
and a fresh gas flow of 5 I/min was set @9. The APL valve was set to 25 cmH-20 and
the circuit pressure was allowed to increase gradually, this prevented barotrauma
19, An audible leak was listened for with a stethoscope over the skin in the midline of
the anterior larynx. The APL valve was then adjusted to 10 cmH20 and an audible

leak listened for ©.
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The presence of a leak was classified as: large (a leak present at a pressure < 10
cmH20), indicating the ETT was too small; appropriate (a leak present between 10
and 25 cmH:0) indicating the ETT was appropriately sized, or no leak (a leak absent
at pressure of 25 cmH20) indicating the ETT was too large. If the ETT was unable to
be passed through the cords, it was considered too be too large ©. The
appropriateness of the ETT size was then communicated to the attending anesthetist

with an appropriate recommendation.

Where cuffed ETTs were used, cuff pressures were measured using a Rusch®
Endotest™ cuff pressure manometer and recorded. Cuff pressures were adjusted to
an appropriate range (20 - 25 cmH20) in all patients where needed @9, Patients
received standard post-operative monitoring. Thirty minutes post operatively,
patients were assessed for features of airway injury (hoarseness of the voice, stridor)
and features of difficulty of breathing (tracheal tug, nasal alar flaring, accessory

muscle use) @,

The data was analysed using GraphPad Prism® software [version 9.5.1 (733)].
Descriptive statistics were used. Categorical data was described with frequencies
and percentages. Comparisons were done with the Fisher’s exact test. Continuous
variables were described using means and standard deviations. Comparison of the
continuous variables between the two groups was done using the Mann-Whitney U
test and the accuracy of the two methods compared using the Chi-square test. A p-

value of less than 0.05 was considered statistically significant.
Results

A total of 54 patients were included in the study. The demographic data is
summarized in Table 1. There was no difference between the two groups with

regards to age, sex, weight, and height.

The mean subglottic diameter measured in the US method group was 7.23 mm £
1.08. There was a significant difference in the mean ETT size estimated between the
two groups. The mean ETT size for the age-based group was 4.20 £+ 0.68 and the
mean ETT size for the US group 5.30 = 0.85 (p < 0.0001).
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Table 1: Demographic data

Demographic variable: Age-based method US method
Age (yn)* 474 +2.71 6.26 £ 3.16
Weight (kg)* 17.23+7.76 22.04 £ 9.52
Height (m)* 1.07+0.19 1.18+0.23
Male: n (%) 16 (59.26) 20 (74.07)
Female: n (%) 11 (40.74) 7 (25.93)

*Data presented as mean * SD, yr = years, kg = kilograms, m = metres, n = number of patients,

% = percentage of patients

The US method was statistically more accurate than the age-based method
(p=0.0011) in estimating appropriate ETT size. The US method estimated an
appropriate ETT size in 20 out of 27 participants (74.07%), with an estimated ETT
size being too small in four out of 27 patients (14.81%) and too large in three out of
27 patients (11.11%), whilst the age-based method estimated an appropriate ETT
size in only eight out of 27 patients (29.63%), with an estimated ETT size being too
small in 17 out of 27 patients (62.96%) and too large in two out of 27 patients
(7.41%). This is shown in Figure 2.
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Figure 2: The accuracy of ETT size estimation.

In all cases, a cuffed ETT was selected for intubation. The reintubation frequency

was higher in the age-based group with five patients (18.52%) being reintubated.
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One patient was reintubated with a half size smaller ETT and four patients with a half
size larger ETT, compared to the reintubation frequency in the US group with only

three patients being reintubated with a half size smaller ETT (11.11%).

Table 2 shows the data of the measured ETT cuff pressures of the two groups.
There was no difference between the mean ETT cuff pressure in the age-based
group (15.20 mmHg + 10.50) and the US group (17.64 mmHg + 8.43) (p = 0.24). In
both groups most patients had underinflated ETT cuffs. The ETT cuff was not

inflated in seven patients (two in the age-based group and five in the US group).

Table 2: ETT cuff pressures

ETT cuff pressure Age-based method US method
Mean ETT cuff pressure (cmHz0) * 15.20 (£ 10.50) 17.64 (£ 8.43)
Appropriate (pressure 20 — 25 cmH20): 2(7.41) 5(18.52)
n (%)
Overinflated (pressure > 25 cmH20): 5(18.54) 3(11.1)
n (%)
Underinflated (pressure < 20 cmH20): 20 (74.07) 19 (70.37)
n (%)

*Data presented as mean + SD, cmH20 = centimetres of water, n = number of patients,

% = percentage of patients

Analysis of the different methods of apnoea showed that a combination of propofol
and an opioid was the most frequent method used in the study (44.44% of patients in
the age-based group and 59.26% in the US group) with a NMBA being the second
(87.04% of patients in the age-based group and 40.74% of patients in the US group).
In the age-based group propofol was used as a single agent in 14.81% of patients
and an opioid alone in 3.70% of patients. Propofol or an opioid as a single agent was

not used in any of the patients in the US group.

At the 30 minute post operative follow up, two patients in the age-based group were
excluded from follow up, due to remaining intubated post operatively. In the age-
based group, four patients showed features of difficulty breathing, whilst in the US
group, two patients showed these features. One of which was post-operative

coughing which responded to adrenaline nebulisation. The other patients responded
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to airway suctioning of blood and secretions. The type of surgical procedure

performed in all these cases involved trauma to the airway.
Discussion

The results from this study demonstrate that the US method is more accurate than
the age-based method when used for ETT size selection. The US method had an
accuracy of 74.07% compared to 29.63% with the age-based method, a marked
difference of 44.44%. This is in keeping with results found in other studies 19, It is
interesting to note that the accuracy of the US method in this study, while high, was
not as high as in some studies © 7). Reasons for this may be that this study had a
different study population with no previous data on the accuracy of the US method in
the South African pediatric population, and the fact that US is an operator dependant
technique ©. Whilst the low accuracy of the age-based formula can possibly be
attributed to the type of formula used and due to its non-validation in South African
patients.

Systematic reviews by Gupta et al ® and Saravia et al (” show that the US method is
superior compared to conventionally used age-based formulae for the estimation of
ETT size. The US method has been shown to have a mean accuracy of 86%, which
was even higher when cuffed ETTs were used (92%). The accuracy of results with
the US method do range widely from 48% to 100% ). The accuracy of age-based
formulae is reported to be lower (mean accuracy of 54%), with studies showing an
even wider range of accuracy (24% to 95%). The mean accuracy of age-based
formulae for cuffed ETTS is reported at 56% . The studies included in these
reviews were conducted in diverse locations including resource limited settings,
suggesting the US method may be useful in the South African setting, as has been

shown in this study © 7.

Ekor et al 19 and Elshazly et al @ conducted similar studies in Africa and the US
method showed high accuracy in appropriate ETT size estimation (98% and 92%
respectively), with the age-based formula used in both studies being less accurate
(66% and 68% respectively) (0 14),

This study found the US group to have a mean subglottic diameter of 7.23mm %
1.08, with a mean ETT size of 5.30 £ 0.85. This was larger than the mean in the age-

based group (4.20 + 0.68). This differed from other studies where age-based
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formulae tend to estimate a larger size ETT size ®%. The use of different age-based

formulae among studies, as well as the patient population may account for this © 7).

This study directly converted the measured subglottic diameter to the closest outer
diameter of an ETT, which was correlated to an appropriate ETT size based on the
internal diameter reading. This has been shown to be simple yet accurate when
compared to studies where the subglottic diameter was measured and an ETT size
was calculated using a complicated formula ©% 1416) The relationship between the
inner diameter and outer diameter of ETTs is known to vary between different
brands. The use of a single physical parameter such as an age-based formula to
predict ETT size will yield varying results as these methods make a prediction based
on internal diameter readings © 9. A possible advantage of using US is that it
provides a measurement of subglottic diameter which can accommodate for this

variation @ 13,

In general, the US method tended to underestimate ETT size with an incidence of
14.81%, a trend found in other studies (), and overestimated 11.11% of the time. It is
thought that the US method may underestimate ETT size due to technical
considerations. The subglottic anteroposterior diameter of the trachea is longer than
the transverse diameter but cannot be measured with US as the acoustic air shadow
emitted by the cricoid cartilage prevents its visualization for measurement @&, A slight
underestimation of ETT size could be beneficial though, with the use of cuffed ETTs,

as it allows for accommodation of the extra bulk of the cuff @.

The methodology in this study, differed from others as not all inappropriately sized
ETTs were exchanged. The decision to exchange an inappropriately sized ETT was
at the discretion of the attending anaesthetist and not the role of the principal
researcher. However, recommendations were communicated to the attending
anaesthetist with all patients regarding the appropriateness of ETT size. The
standardized leak test was used to determine accuracy of ETT selection and
reintubation for a best fit ETT was not mandated in the study design. Despite this,
the incidence of reintubation was lower in the US group (11.11%) compared to the
age-based group (18.52%) which is in keeping with other studies, possibly reducing
the risk of airway complications @10 1214 As not all cases were reintubated in this
study, where ETTs were incorrectly sized, the ETT cuff was inflated if found to be too
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small, to overcome the leak. Four of the five over-sized ETTs in both groups were
exchanged for a half size smaller. All reintubations in the US group were due to the
attending anesthetist not being able to pass the originally selected ETT through the
vocal cords. This may be explained by increased muscular tone of the vocal cords
due to the non-routine use of NMBAs, possibly influencing the accuracy of the
method or due to the fact that US can directly over or under measure the subglottic

diameter © 1D,

A preference for cuffed ETTs among anesthetists in our institution was noted for
pediatric patients over the age of two. Available literature shows varied preference
among different institutions - 29, Historically uncuffed ETTs were favoured due to
concerns of tracheal mucosal damage caused by the pressure of the cuff, but the
development of new micro-cuff ETTs has addressed this concern & 2122 The
benefits of using cuffed ETTs are that they allow for the use of lower fresh gas flow
rates, with less use of inhalational agents allowing for economical anesthesia
delivery. The seal created by the cuff reduces air pollution, lowers the incidence in of
reintubation and improves ventilation and end tidal gas monitoring & & 22),
Disadvantages include cost, a smaller internal diameter ETT needs to be used
causing increased work of breathing due to higher resistance to airflow, with a higher
chance of ETT obstruction and difficulty in suctioning. It is important to remember

that tracheal mucosa damage may still occur from the cuff & 20,

There was no difference in mean ETT cuff pressures between the two groups in the
study. The incidence of ETT cuff overinflation was low in each group with the
majority of ETT cuffs being under inflated. Only 7.41% in the age-based group and
18.52% in the US group had appropriately inflated ETT cuffs. Underinflation of the
ETT cuff may increase risk of aspiration and hypoventilation, however routine cuff
pressure monitoring is complicated and currently not available in our theatre setting,

with little data available on cuff pressure recommendations in pediatric patients & 2%
22)

Based on the above, the US method is a reliable and reproducible method of ETT
size estimation in the pediatric population presenting for elective surgery in a
resource limited setting. A more accurate estimation of ETT size in theatre will result

in reduced airway instrumentation, economical use of equipment and theatre time
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with a reduction in airway complications. This will result in possible long term

economic benefits.

Due to time constraints and the sampling method used, this study had a small
sample size, however, this was comparable to the sample sizes used in several
other studies %1416 An avenue for further research would be to investigate this in
the wider South African population. Blinding in this study was not possible due to
theatre staff constraints, which is a possible source of bias and different ETT brands
had to be used. A NMBA was not used in all patients. This may have influenced the
accuracy of the leak test and US method. The standardized use of NMBAs would
have limited the number of patients enrolled in the study as most pediatric surgical
cases did not warrant NMBA use and added to this, with the absence of nerve
stimulators leading to concerns of residual paralysis, the study design opted to allow
the attending anaesthetist to decide on their use and to not interfere with their
practise. This study was not able to assess for post operative airway complications
as where this was detected, the surgical procedure performed was known to cause
trauma to the airway, thus it was not possible to ascertain whether it was from the
intubation or the surgical procedure itself. The duration of US examination was not
measured in this study; however, literature does show that the US method may
prolong time to intubation @4, Further research is needed in the South African
setting to elucidate what effect operator experience and available resources have on
time to intubation with the US method. This study did not assess the role of airway

US in emergency cases and can only be applied to elective cases.
Conclusion

Ultrasound is a more accurate predictor of appropriate ETT size in the pediatric
population compared to a conventional age-based formula. The use of ultrasound for
the estimation of ETT size is a non-invasive, accurate, reproducible technique with
potential for long-term cost saving and reduced complications. Ultrasound is
becoming readily accessible in the theatre setting in South Africa and with
appropriate training and expertise, this bedside tool has the potential for more
widespread uptake and may be a more accurate means of determining endotracheal

tube size in children.
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What is already known about this topic?

Studies show that US is superior to conventional age-based methods when

estimating ETT size in pediatric patients across diverse backgrounds.
What new information this paper adds

This study contributes to the expanding body of evidence that US is feasible and a
better estimate of appropriate ETT size in the South African pediatric population. It is

a useful bedside tool which can be used in a resource limited setting.
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4.1 Introduction

Anaesthetists need to be proficient in the skill of airway management (1, 2). A
knowledge of airway anatomy, physiology, and pathology is needed as they have

implications on an anaesthetist’s ability to secure it (1).

General anaesthesia with an endotracheal tube (ETT) is the preferred anaesthetic
technique in paediatric patients (3, 4). However, intubation of paediatric patients
remains challenging due to anatomical differences between a paediatric and adult
airway (1).

There are anatomical differences between an adult and paediatric airway which
become less prominent with increasing age (3, 5). The paediatric patient’s head is
larger relative to their body size, with a prominent occiput and short neck (3, 5). They
have a larger tongue, shorter mandible and the larynx is more cephalic with a longer,
stiffer, U-shaped epiglottis, that sits at a 45-degree angle from the anterior laryngeal
wall (3, 5). The vocal cords are angled in an anterior-inferior to a posterior-superior
position (5). The mucous membranes consist of ciliated columnar epithelium which is
loosely attached by submucosa tissue and is prone to oedema formation (3). These
differences predisposed them to airway obstruction and difficult laryngoscopy. The
cricoid ring is the narrowest portion of the paediatric airway compared to the glottic
opening in adults making the airway funnel shaped (3, 5). During direct laryngoscopy

one is unable to view the narrowest point of the paediatric airway (3).

During laryngoscopy patients are rendered apnoeic. Paediatric patients are prone to
rapid desaturation, hypoxaemia, and hypercapnia during periods of apnoea (1, 6).
Prolonged intubation attempts may also result in awareness, laryngospasm, and

bronchospasm (7).

Complications may also occur due to the use of an incorrectly sized ETT. If too
small, there will be increased resistance to gas flow, risk of aspiration, insufficient
ventilation, leakage of anaesthetic volatile agents into the theatre environment and
inaccurate end tidal carbon dioxide and gas monitoring (8-10). If too large it can
cause significant airway trauma, resulting in laryngeal oedema, stridor, local
ischaemia, ulceration of the tracheal mucosa, granulation tissue formation, scar

formation and subglottic stenosis (11-14). These result in increased resistance to
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airflow and work of breathing. Repeat laryngoscopies and intubation attempts

exacerbate this (1).

An accurate estimation of tracheal diameter to select an appropriate ETT size prior
to laryngoscopy would keep airway instrumentation to a minimum, reduce the
number of ETT exchanges, and reduce the risk of the complications mentioned
above (7, 14-16).

Different methods based on physical characteristics are available to determine the
size ETT needed for paediatric patients (17). These are based on age (18, 19),
height (20, 21), and the width of the fifth finger (22).

Age-based formulae

Two age-based formulae frequently utilised are the modified Coles formula and the
Khine’s formula (18, 19). The Modified Coles formula (age in years/4 + 4) is used for
uncuffed ETTs, adapted from Cole in 1957 (6, 18). The Khine’s formula (age in
years/4 + 3) (19) was developed for use with cuffed ETTs. It was adapted from the
Modified Coles formula, to select a smaller internal diameter ETT, which
accommodates the extra space needed for the cuff (19). These methods of ETT size
selection are recommended in texts (6) but little data is available on the validation of

these formulae (22).
Height-based formulae

The Broselow tape is a colour coded length-based tape which correlates a paediatric
patient’s height and weight to medical instructions such as drug dosages and
equipment size, including the size of ETT needed for intubation (20). It is
recommended by the Advanced Trauma Life Support (23) and Pediatric Life Support
(24) and is used globally (20). It was validated on American and European paediatric
patients (21). However, these showed an appropriate ETT size was only selected
77% of the time in American (25) and 55% in European children (20). It appeared to
be more accurate than age-based formula (20, 25). Other height-based formula are

available but have not been validated (21).
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Width of the fifth finger

There is another method endorsed by the Pediatric Life support (24) and Advanced
Trauma Life Support (23). An ETT is selected by choosing the closest in diameter to
that of the 5" digit. This is done by holding an ETT over the finger (22). There is little

data available on the validation of this method (22).

These methods have been shown to lack accuracy (4, 7, 26-31). Some were
developed and only validated on patients from western populations (20). These
methods are not able to factor in differences seen in growth, development, and
organ size in different populations for various reasons such as genetic, socio-
economic, and environmental factors making them likely to be inaccurate (27, 29).

The application of these methods can also be subjective (22).

Literature shows age-based formulae tend to over-estimate ETT size (7, 27). This

has clinical implications as an ETT that is too big may cause complications (11-14).

Recently another method of ETT size selection has been investigated. This involves
directly measuring the diameter of a paediatric patient’s trachea using airway
ultrasound (US).

Tracheal diameter can be measured pre-intubation to select the most appropriate
ETT size for intubation (29, 32). There are multiple methods available to visualise

tracheal diameter which include:

e Direct visualisation measurements: Direct laryngoscopy and video-assisted
devices.
e Semi-direct visualisation measurement: Magnetic resonance imaging,

Computer tomography, X-ray, and US (1, 29)

Ultrasound has become more readily utilised in clinical medicine due to several
advantages. It is a reliable, safe, pain free, non-invasive, more readily available,

portable bedside tool, and provides real time data (31).

Ultrasound use in paediatric anaesthesia has shown numerous benefits and has
multiple applications (33). It has use in pain control via regional techniques, vascular

access, pulmonary imaging, haemodynamic monitoring and as an adjunct to detect
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cardiac dysfunction (33). Abdominal US imaging can also assess fasting status and

aspiration risk, nasogastric tube placement and peri-operative bowel motility (33).

Airway US is used in the peri-intubation period (34). US technology and quality has
improved which previously hampered its use for airway procedures (33). There is
growing evidence for the use of airway US in the paediatric population (33). It is used
as a pre-screening intubation tool for difficult laryngoscopy, selection of ETT size,
confirmation of ETT placement and depth, and to detect laryngeal mask airway
malrotation. It assists in procedure guidance for percutaneous cricothyroidotomy,
percutaneous dilatational tracheostomy and airway nerve blocks (33-35). Airway US
can be used to measure the column of air at the level of the cricoid cartilage to
predict an appropriately sized ETT prior to intubation (7, 31, 32).

Lakhal et al. (32) demonstrated that US is comparable in accuracy to magnetic
resonance imaging when measuring the diameter of the air column at the level of the
cricoid cartilage. A non-experienced physician was able to accurately measure
subglottic diameter after just 15 airway US procedures being performed before data
collection (32). Other studies reiterate that airway US is an easy skill to learn. A
study in Canada found physicians were able to accurately detect ETT placement
with 98% sensitivity and 100% specificity after one tutorial and two practice attempts
(36). Another study done in Turkey showed that after a one hour course and one live
demonstration, anaesthesia registrars with no prior experience had an overall
success rate in correct ETT size determination of 77.5%. There was some variability

in achieving competency in this skill (37).

Several studies have been conducted comparing the use of the airway US method to
the conventional methods of ETT size selection to determine which is more accurate
in selecting the most appropriate ETT in paediatric patients. Results from these show
that the airway US method of ETT size selection is more accurate than conventional

methods in selecting an appropriately size ETT prior to intubation (4, 7, 26-31).

There are two types of ETT type available for use, which are cuffed and uncuffed
ETTs.

There are advantages to the use of either ETT type
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Uncuffed ETTs have a larger internal diameter which decreases resistance to
airflow, lowers work of breathing, allows for easier suctioning, causes less trauma to

airway mucosa, and cost less than cuffed ETTs (19).

Cuffed ETTs allow for lower fresh gas flow rates, less use of inhalational agents for
economical anaesthesia delivery, reduced air pollution, reduced number of
laryngoscopies and intubation attempts, improved ventilation and end tidal gas
monitoring (19, 38-40).

There are disadvantages to the use of either ETT type

Uncuffed ETTs have a higher incidence of re-intubation which leads to a higher
incidence of complications (41, 42), oversized tubes can cause airway injury, air leak
which can cause ventilation difficulties and atelectasis. There is environmental
contamination of anaesthesia gases, risk of aspiration and micro-aspiration and

inaccurate end tidal gas concentration measurement (41).

Cuffed ETTs are costly. A smaller internal diameter ETT needs to be used causing
increased work of breathing due to higher resistance to airflow, higher chance of
ETT obstruction and difficulty in suctioning. They are more complicated to use,
require additional monitoring cuff pressure and are prone to inappropriate placement
due to variations in design and lack of appropriate depth markers. Tracheal mucosa

damage may still occur from the cuff (41).

ETT cuff pressure monitoring in theatre is not routine practice (43). Tracheal injury
caused by an overinflated ETT cuff is related to the absolute pressure of the ETT
cuff and duration of exposure to this pressure. The former contributing more, but
tracheal mucosal injury can also occur within 15 minutes of exposure to a high
pressure ETT cuff (44).

Endotracheal tube cuff pressures are a dynamic process and are affected by body
temperature, head position, movement, depth of anaesthesia, neuromuscular

blockade, and the use of nitrous oxide (41, 45).

Currently, guidelines for optimal ETT cuff pressure ranges are not available in
paediatric patients (44). It is suggested that ETT cuff pressures in adults be kept less
than 20 - 30 cmH20 (45). In normotensive adults, tracheal mucosal blood flow

becomes compromised at pressures of 30 cmH20 and completely occluded at
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pressures of 50 cmH20 (46). No studies have been conducted on paediatric patients
and the actual value is unknown, but mucosal capillary pressures may be lower (41,
44). The 2015 American Heart Association Pediatric Life Support guidelines have
suggested a pressure range of 20 - 25 cmH20 in children under 9 years old (47).

Anaesthetists use free inflation techniques to inflate the cuffs of ETTs which have
been shown to be unreliable (41, 44, 48, 49). Measuring cuff pressure is a definitive
method for keeping pressures in an acceptable range. ETT cuff pressure
measurement is done by attaching a manometer to the pilot balloon of the ETT via a
3 way stop-cock (50). This allows for the cuff pressure to be recorded and adjusted

appropriately, yet these are not routinely available in theatres (41, 45, 50).

An appropriately sized ETT can be determined using the leak test (6, 51, 52). The
leak test is performed by intubating a paediatric patient with an ETT. The fresh gas
flow rate is set to 5 litres/min, the patient is positioned supine, head neutral in the
sniffing position (53). A pressure of 25 cmH:0 is applied to the breathing bag. An
audible air leak around the ETT is listened for by placing a stethoscope over the skin
of the larynx (52). If a leak is present the ETT is said to be appropriately sized and if
no audible leak is detected the ETT is too large and should be exchanged. It was
found that 50% of patients who developed post intubation croup (described as any
feature of airway obstruction i.e., hoarseness, stridor or sternal retraction) did not

have a leak around their ETT at a pressure of 25 cmH20 (51).

This method does have limitations (45). Factors which may influence the pressure at
which a leak occurs include head position, the degree of neuromuscular blockade,
the depth of the ETT and the inspiratory flow rate. There has also been significant
inter-observer difference noted when conducting the leak test (54). There are
currently no suitable alternatives method available to determine clinically appropriate
ETT size (26, 53).

Determining the size of the narrowest portion of a paediatric patient’s airway to
select the most clinically appropriately sized ETT remains a challenge for
anaesthetists. An inappropriately sized ETT can result in complications which may
cause significant morbidity to paediatric patients presenting to theatre (8-14).
Conventional methods of ETT size selection lack accuracy and visualisation of the

trachea with US has been shown to be a better alternative (4, 7, 26-31).
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4.2 Problem statement

The anatomical differences between an adult and paediatric patient’s airway makes
the accurate estimation of ETT size prior to intubation in paediatric patient a
challenge (1, 3, 5, 45).

An incorrectly sized ETT results in repeat laryngoscopies, wastage of equipment and
has complications which have been shown to increase morbidity in this population
group (8-12, 14-16).

There are different methods of ETT size estimation based on physical characteristics
which lack accuracy when applied to individual paediatric patients due to variations

in their growth, development, and physical characteristics (17, 20, 22, 25, 29).

Ultrasound is becoming a more readily available tool in anaesthesiology and
familiarity in its application is increasing (29, 33-35). Ultrasound may offer better
accuracy in the estimation of ETT size prior to laryngoscopy by providing a
measurement of subglottic diameter, allowing for an individualised approach for ETT

size selection in paediatric patients (4, 7, 26-31).

4.3 Aim

The aim of this study is to compare the accuracy of ETT size estimation using airway

US to conventional age-based formula in South African paediatric patients.

4.4 Objectives
The primary objectives of this study are to:

e Describe subglottic diameter using airway US.
e Describe the size of ETT needed using age-based formulae.
e Describe the incidence of leak.

e Compare the accuracy of airway US vs age-based formulae.
The secondary objectives of this study are to:

e Describe the type ETT type used.

e Describe re-intubation frequency.
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e Describe cuff pressures in cases where cuffed ETTs were used.

4.5 Research assumptions
In this study the following definitions will be used:

Anaesthetist: A qualified doctor working in the Department of Anaesthesia, including

consultants, registrars, and medical officers.

Registrar: A qualified medical doctor who is enrolled in a training post for 4 years
with the aim of specialising in field of anaesthesia.

Consultant: A qualified medical doctor who has completed a registrar program and is

a specialist in the field of anaesthesia.

Paediatric patient: A patient presenting to theatre for a surgical procedure aged less
than 12 years.

Caregiver: The person responsible for providing long term, day to day care for the
child. They may exercise the parental right to consent to a medical examination or
treatment of the child in terms of the Children’s Act, 38 0f 2005 (55).

Intubation: The insertion of an ETT into the trachea for ventilation.

Laryngoscopy: A visual examination of the larynx to obtain a view of the glottis and

vocal cords.

Air leak test: Test performed where an audible air leak is auscultated for at a circuit
pressure of 25cmH20 and 10cmH-20, to determine if an ETT is an appropriate size or
not (14).

Age-based formula: A calculation based on a paediatric patients age in years used to
estimate the internal diameter size of ETT needed for intubation. In this study the
modified Coles formula (age/4 + 4) will be used to calculate the internal diameter for
uncuffed ETTs (18). The Khine’s formula (age/4 + 3) will be used to calculate the

internal diameter for cuffed ETTs (19).

Ultrasound machine: An imaging device which transmits high-frequency sound
waves, which reflect off body structures. A computer receives the waves and uses

them to create an imagine which can be used to view organs and structures.
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Subglottic diameter: The diameter of the acoustic air shadow transmitted by the
cricoid cartilage, when viewed with an ultrasound machine. This correlates to the

diameter of the trachea at this level of the airway.

Accuracy: Is the degree of closeness of measurements of a quantity to that
quantity’s actual value. In this study a standard leak test (52) will be used to
determine the accuracy of ETT size selection based on either the US or age-based
method. The appropriate size being based on the presence of an air leak between a

specific air pressure range.

4.6 Demarcation of the study field

The study will be conducted in the theatre complex of Chris Hani Baragwanath
Academic Hospital (CHBAH) situated at 6 Chris Hani Road, Diepkloof,
Johannesburg, South Africa. The Anaesthetic department is affiliated with the
University of the Witwatersrand. On average 2500 paediatric surgeries are done
annually in this complex with 2760 performed in 2020.

4.7 Ethical considerations

For this study to be conducted, ethical approval will be obtained prior to the
commencement of the study from the Wits Human Research Ethics Committee
(Medical). Additional permission to proceed with the study will be obtained from the
Postgraduate Committee of the University of the Witwatersrand. Permission will also
be sought from the CHBAH Medical Advisory Committee (Appendix 1) and the Head
of Department of Anaesthesia of CHBAH to conduct the study in the CHBAH theatre
complex (Appendix 2).

Neither method of ETT size selection will pose any additional risk to the patients
participating in the study. The age-based method is a current method used in
anaesthetic practice and the US method is non-invasive, requiring the placement of

an US probe on the anterior portion of the skin of the neck.

Written informed consent will be obtained from the caregiver of each patient prior to
inclusion in the study. Assent will be obtained from the child participating in the study

where possible (Appendix 5). This will be done prior to the patient being in theatre.
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The details of the study will be explained to the caregiver and the child. An
information sheet will be provided for the caregiver’s reference (Appendix 3). The
caregiver providing consent for participation in the study will sign a separate consent

form (Appendix 4).

Patient confidentiality and anonymity will be maintained during the study.
Participants will be randomly allocated to one of two groups and assigned a study
number. A separate sheet will be kept with participants information assigned to each

study number.

The raw data collected will only be accessible to the researcher and supervisors of
this study. The raw data collected will be kept securely until the youngest participants
twenty-first birthday. All consent forms and data collection sheets will be kept in a

locked cupboard for this duration.

Conduction of this study will be in accordance with the principles of the Declaration
of Helsinki (56) and the South African Guidelines for Good Clinical Practice (57).

4.8 Data collection
4.8.1 Study design

The design of a study refers to a set of methods, or a framework used to analyse
data on variables related to an identified research problem (58). This study will be

conducted as a prospective, observational study.

A prospective study is where the outcomes of a group of participants has not
occurred at the start of the study. The participants in the study are followed over a

period to assess particular outcomes (58).

An observational study is a study where participants are observed, and certain

outcomes are measured. No attempt is made to affect the outcome (58).

4.8.2 Study population

The study population will be patients presenting for surgery at the CHBAH theatre
complex, aged two to 12 years, requiring a general anaesthetic and endotracheal

intubation for elective surgical procedures.
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4.8.3 Study sample
4.8.3.1 Sample method

This study will use consecutive convenience sampling. Consecutive sampling is the
attempt by the researcher to include all available subjects in the study sample with
convenience sampling referring to the use of the of the most readily available
subjects (58).

Paediatric patients presenting to the CHBAH theatre complex for surgical procedures
requiring intubation will be the population sample for this study. An attempt will be
made to include all these patients presenting to theatre. All patients booked on
elective lists in the relevant paediatric theatres who meet the inclusion criteria will be

approached to participate in this study.

4.8.3.2 Sample size

The sample size for this study was determined using the results of a similar study
conducted using accuracy of ETT size estimation as the primary variable for each
method. Altun et al (27) found airway US correlated with the best fit ETT in 88% of
paediatric patients where an age-based formula was 48% accurate. These results
were used to determine a sample size for this study using the Pearson’s chi-squared
test. The following values were assumed: alpha value of 0.05, power of 90%, delta
(difference) value of 40%, P1: 48% and P2 88%. From this a sample size of 54

patients (27 patients per group) was calculated.

4.8.3.3 Inclusion and exclusion criteria

The inclusion criteria of this study are:

e Paediatric patients aged two to 12 years.
e Patients presenting for elective surgery requiring intubation with an ETT.

e American Society of Anaesthesiology (ASA) physical status | to Il patients.
The exclusion criteria of this study are:

e Patients requiring rapid sequence induction.
e ASA physical status IV.

e Patients with an anticipated difficult airway.
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e Haemodynamically unstable patient.

e Patients with lesions, deformities, or previous procedures of the airway which
may influence US assessment of the airway. These include patients with
laryngeal and tracheal deformities, pathology such masses or growths,

previous tracheostomy, and history of tracheal surgery.

4.9 Collection of data

Written consent will be obtained prior to the patient being in theatre. Patients will be

allocated to one of two groups.
Group 1: Age-based method for ETT size selection.
Group 2: US method for ETT size selection.

The patients will be allocated to a group. The assignment of patients to a group will
be done prior to the patients being in theatre, in order of presentation to theatre.
Patients one to 27 will be allocated to group one and patients 28 to 54 will be

allocated to group two.

The patient will be taken to the theatre and premedication will be administered at the
discretion of the attending anaesthetist. The patient will be placed on the theatre bed
and standard ASA monitors (electrocardiogram, pulse oximeter and non-invasive

blood pressure) will be applied.

Induction of general anaesthesia will be performed, and the method of induction
used will be at the discretion of the attending anaesthetist. A facemask with 100%
oxygen will be applied during induction. Once induced the caregiver will be asked to
leave the theatre room. Intravenous access will be obtained. Apnoea will be induced
at the discretion of the attending anaesthetist with either an induction agent,
neuromuscular blocking agent or opioid. Once the patient is apnoeic bag mask

ventilation will be commenced.

In group one, an age-based formula will be used to determine ETT size needed for
intubation. The modified Coles formula (age in years/4 + 4) (18) will be used in cases
where uncuffed ETTs are used and the Khine’s formula (age in years/4 + 3) (19) will

be used in cases where cuffed ETTs are used. The type of ETT used will be at the
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discretion of the attending anaesthetist. In this group the ETT size calculated will be

predetermined prior to induction.

In group two, the subglottic transverse diameter will be measured with US. All US
measurements will be done by the principal researcher for the duration of the study.
This will be done using a linear US probe, in brightness mode. Whilst bag mask
ventilation continues, the patient will be placed supine with the head in neutral
position. The US probe will be placed transversely on the midline of the anterior
portion of the neck and the vocal cords visualised. It will then be moved caudally to
identify the cricoid cartilage. Once identified, bag mask ventilation will then be
stopped briefly (this prevents changes in airway diameter during ventilation). The
adjustable pressure—limiting (APL) valve will be set to 10 mmHg to maintain patency
of the airways by producing a continuous airway pressure (26). The subglottic
diameter will then be measured at the level of the cricoid cartilage. The subglottic
airway diameter is defined as the diameter of the hyperechoic air shadow transmitted
at the level of the cricoid cartilage (26-28). This measurement in millimetres will be
correlated to the closest outer diameter of ETT to determine size of ETT needed for
intubation, regardless of the type of ETT (cuffed or uncuffed) used (29). The patient
will be intubated and placement of the ETT will be confirmed using conventional

methods.

To determine if the ETT is appropriately sized, a leak test will be performed by the
principal researcher. The ETT will be attached to a closed circuit. The patients head
will be placed in the neutral position for the test. The anaesthesia machine will be
placed on manual ventilation mode. A fresh gas flow of 5 L/min will be set. The APL
valve will be set to 25 cmH20 and the pressure allowed to rise slowly and prevent
barotrauma from occurring (14, 52). This pressure will be confirmed using the
anaesthetic machine airway pressure sensor. An audible leak will be listened for with
a stethoscope over the skin in the midline of the anterior larynx. The APL valve will
then be set to 10 cmH20 and an audible leak listened for (7, 27, 30). The presence

of a leak will be classified as:

e Large leak: a leak detected a pressure less than or equal to 10 cmH20
e Appropriate leak: a leaked present between 10 and 25 cmH20

¢ No leak: no leak present at pressure of 25 cmH20
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The presence of a large leak indicates the ETT selected is too small. The presence
of an appropriate leak indicates the ETT selected is appropriate. If the ETT cannot

be passed through the glottis or no leak is present the ETT is too large.

The appropriateness of ETT size will be communicated to the attending anaesthetist.
If an ETT is too small, recommendation of exchanging it 0.5 size bigger will be made
or cuff be inflated in cases where cuffed tubes are used. If the ETT is too large,

recommendation of exchanging ETT 0.5 size smaller will be made. This decision will

be at the discretion of the attending anaesthetist.

In cases where cuffed ETT are used, cuff pressures will be measured using a cuff
manometer attached to a three way stop-cock and recorded. The pressures will be

adjusted to a range of 20 - 25 cmH20 as required (47).

After the operation the patient will be taken to the post-operative recovery room.
Standard post-operative monitoring and observations will be done. After 30 minutes
the principal researcher will assess the patient for hoarseness of the voice, stridor
and features of difficulty of breathing (tracheal tug, nasal alar flaring, accessory

muscle use).

4.10 Data analysis

Data will be collected in theatre using a prepared data collection sheet (Appendix 6)

and will be transferred to a Microsoft Excel® spreadsheet before analysis.

In this study, descriptive statistics will be used. The categorical data collected in the
study will include age, race, sex, BMI and surgical discipline and procedure. This
data will be summarized in tables with the use of frequencies and percentages. The
comparison of categorical variables between the two groups will be done with a

Fisher’'s exact test.

The continuous variables in this study with normal distribution will be described using
means and standard deviations. A test for normality will be done. Comparison of the
continuous variables between the 2 groups will be done using the student t-test if
normally distributed variables are present. The Mann-Whitney U test will be used if

the variables are not normally distributed. The 95% confidence interval from the
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frequency of correct ETT size estimation will be calculated for each group. A p-value

of less than 0.05 will be considered statistically significant.

4.11 Significance of the study

Conventional methods of ETT size determination before laryngoscopy in paediatric
patients lack accuracy. Age-based calculations have been shown to lack accuracy in
different regions of the world, including developing countries (27-29, 31). These
formulae have several limitations and cannot factor in differences in individual growth

seen in different populations globally (7, 27, 29-31).

The importance of the first attempt being the best attempt at intubation in this
population group cannot be underestimated (59, 60). Studies have shown an
association with repeat intubation attempts and higher complication rates (61).
Paediatric patients also have reduced physiological reserves compared to that of an

adult, predisposing them to hypoxaemia and haemodynamic derangements (60).

The US method of ETT size selection may more accurately predict optimal ETT size
in this population by providing a non-invasive accurate measurement of the
narrowest portion of a paediatric patient’s airway, which cannot be assessed during
laryngoscopy. This allows for more optimal ETT selection, making the practice of
anaesthesia safer by improving first pass success rate of intubation. Another
advantage includes reduced wastage of equipment from repeat ETT exchanges,
translating into overall cost saving. This is applicable in a resource constrained
setting such as South Africa.

4.12 Validity and reliability of the study

Validity is defined as the veracity of the results, in other words, if the study measures

what was intended to be measured (62).
Reliability is defined as the reproducibility or consistency of the study’s results (62).
The validity and reliability of the study will be ensured by:

a)  Appropriate study design
b)  Appropriate sample size in consultation with a biostatistician.
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C) Using a consistent measure to assess the intervention, in this case a
standardised leak test.

d) Statistical analysis done with the assistance of a biostatistician

4.13 Limitations of the study

Consecutive convenience sampling will be used. This may not be a true
reflection of the paediatric population presenting to CHBAH and may result in
uneven data sets between each group.

Blinding in this study is not possible due to theatre staff constraints. This may
lead to bias as the principal researcher will be involved in ETT estimation and
determining appropriateness of ETT with the leak test.

Paediatric lists may not run daily, given the Covid-19 pandemic which may
lead to longer time needed for data collection.

A neuromuscular blocking agent might not be used in all patients and may
affect muscle tone of the larynx affecting accuracy of the leak test.

Data collection will be done in several theatres with different anaesthetic
machines, and as such the anaesthetic sensors may be calibrated differently.
Convenience sampling will be used which reflects paediatric patients
presenting to CHBAH theatre, this may not be reflective of the South African

paediatric population.

4.14 Project outline

Year 2021
Month Jul Aug Sept Oct Nov Dec
Protocol

Post Graduate
Approval

Ethic Approval
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Year 2022
Month Jan Apr | May | Jun | Jul | Aug | Sept | Oct | Nov | Dec
Data
Collection
Data
Analysis
Submission
4.15 Financial plan
The cost of printing will be covered by the Department of Anaesthesia.
Description Price Per | Number of Number of Total
Item pages copies
Printing Proposal R1 30 10 R300
Post Graduate Form R1 2 6 R12
Printing Patient R1 8 54 R432
information sheets
Printing consent R1 3 54 R162
and assent forms
Printing research R1 100 4 R400
report
Total R1306
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4.17.1 Appendix 1: Letter to the Medical Advisory Committee of Chris Hani
Baragwanath Academic Hospital

To: The Medical Advisory Committee of Chris Hani Baragwanath Academic Hospital.

My name is Dr Donovan Heslop, | am currently a registrar in the department of
anaesthesiology at Chris Hani Baragwanath Academic Hospital. As part the
completion of my specialisation programme | am required to complete a research

project for the MMed (Anaes) component of my degree.

Herewith, | would like to ask for your permission to conduct a study in the
Department of Anaesthesia titled: The use of ultrasound compared to an age-based
formula to estimate endotracheal tube size in an academic hospital. The study
involves using point of care ultrasound as a method to estimate endotracheal tube
size prior to intubation in paediatric patients. The study will be conducted as a
randomised trial and will examine the use of the ultrasound method compared to
conventional age-based formulae commonly used in anaesthetic practice to estimate

endotracheal tube size in paediatric patients.

All patients will be fully informed about the nature of the study and consented before
participation in the study. The study will incur no extra cost to the hospital as
ultrasound machines are readily available in theatre and intubations will be done with
the current equipment available for all routine anaesthetic procedures in the Chris
Hani Baragwanath Academic Hospital theatre complex. This alternative method of
endotracheal tube size estimation is safe and there will be no increased risk to

patients.
A copy of the protocol to conduct this study is attached for your reference.

| hereby ask you to grant me permission to conduct this study.

Yours sincerely

Dr Donovan Heslop (MP0824259)
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Permission granted/not granted by the Medical Advisory Committee of Chris Hani
Baragwanath Academic Hospital.

Signed: Date:

Official stamp:
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4.17.2 Appendix 2: Letter to the Head of Department (Anaesthesia) of Chris Hani
Baragwanath Academic Hospital

Dear Dr P Mogane.

My name is Dr Donovan Heslop, | am currently a registrar in the department of
anaesthesiology at Chris Hani Baragwanath Academic Hospital. As part the
completion of my specialisation programme | am required to complete a research

project for the MMed (Anaes) component of my degree.

Herewith, | would like to ask for your permission to conduct a study in the
Department of Anaesthesia titled: The use of ultrasound compared to an age-based
formula to estimate endotracheal tube size in an academic hospital. The study
involves using point of care ultrasound as a method to estimate endotracheal tube
size prior to intubation in paediatric patients. The study will be conducted as a
randomised trial and will examine the use of the ultrasound method compared to
conventional age-based formulae commonly used in anaesthetic practice to estimate

endotracheal tube size in paediatric patients.

All patients will be fully informed about the nature of the study and consented before
participation in the study. The study will incur no extra cost to the hospital as
ultrasound machines are readily available in theatre and intubations will be done with
the current equipment available for all routine anaesthetic procedures in the Chris
Hani Baragwanath Academic Hospital theatre complex. This alternative method of
endotracheal tube size estimation is safe and there will be no increased risk to

patients.
A copy of the protocol to conduct this study is attached for your reference.

| hereby ask you to grant me permission to conduct this study.

Yours sincerely

Dr Donovan Heslop (MP0824259)
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Permission granted/not granted by the Head of department of Anaesthesia Chris
Hani Baragwanath Academic Hospital.

Signed: Date:

Official stamp:
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4.17.3 Appendix 3: Study Information Sheet for Participation in the Study.

WITS

UNIVERSITY

) FACULTY OF
=) HEALTH SCIENCES

Study Information Sheet

for Patients Participating in Study

Title of Research: The use of ultrasound compared to an age-based formula to

estimate endotracheal tube size in an academic hospital

Principal Researcher: Dr Donovan Heslop

Department: Anaesthesia
Affiliation: University of the Witwatersrand
Supervisors: Dr Cara Redelinghuys

Dr Tristan Leonard

Greetings. We are inviting you to give permission to include your child in a study at
Chris Hani Baragwanath Academic Hospital. If you agree to have your child
participate in this study and before signing the consent form at the end of this
document, it is important that you read the information provided in this document and
understand what will happen during the study and the reasons it is being done. This
document will give you information about the study we are conducting in Chris Hani
Baragwanath Academic Hospital operating theatres. Please read through this
information and ask any questions you may have about the study. The principal
researcher (Dr Heslop) will explain any information you do not understand. Thank

you for taking the time to read this document.
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Introduction and Purpose of this study:

The principal researcher and supervisors of this study are doing research on how to
improve the safety of a procedure called intubation, which is one of the ways used to
make a child sleep for their operation, so that they are not aware of what is going on

or experience pain during the operation.

Intubation is done by looking into your child’s throat after they are asleep with a
device called a laryngoscope (Figure 1) and placing a plastic tube called an
endotracheal tube through into your child’s breathing pipe (Figure 2). This is done
after your child is asleep and they will not be aware it is happening. Intubation allows
for anaesthetic medication to be given to your child and keep them asleep for the
duration of the operation, to give them oxygen and to protect their lungs from food

particles in the stomach.

pa Breathing airflow \\ < Slip joint
A Endotracheal intubation tube

Figurel: A laryngoscope (1) Figure 2: Placing of an endotracheal tube
into the windpipe (2)

A calculation is used to decide what size tube a child will need to be intubated with
before they are made to sleep for their operation. This calculation uses a child’s age
to work out the tube size. Deciding which size tube to use in children is more difficult
than it is in an adult. It is important to decide the correct size of tube size before
trying to intubate a child because if the tube is not the correct size it may be

problematic during the operation.
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There is a new way in deciding what size tube children need for their operation. We
can measure the size of a child’s windpipe with a picture created by a device called

an ultrasound machine (Figure 3).

Figure 3: An ultrasound machine (3)

In this study we want to learn if using the ultrasound machine to decide which size
tube to use for your child coming to theatre is a better option to the current
calculation we use and by inviting you to allow your child to participate in the study,

we may be able to improve patient care.
Type of Research Intervention:

The study will involve 2 ways of calculating the size of tube needed for your child’s
operation. The first way will be the calculation using their age will be used to decide
what size tube will be needed for their operation. The second way we will use the
ultrasound machine (Figure 3) to decide the size of tube needed for their operation.
This method is safe and not an invasive or painful procedure. A probe (Figure 4) with
gel will be placed on your child’s throat to measure the size of their windpipe after

they are asleep.
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Figure 4: Placing the ultrasound probe on the throat to get a picture of a child’s

windpipe (4)

Participant selection:

All patients between the ages of 1 and 12 years old, coming to Chris Hani
Baragwanath Academic Hospital theatres for a general anaesthetic needing an
endotracheal tube during their planned operation are being approached to participate

in this study.
Voluntary Participation:

The decision whether to participate in this study or not is entirely your own choice.
Your participation is voluntary, and your decision will not affect the quality of service
and care you are entitled to receive in theatre for your child’s operation. By choosing
not to take part in this study, the same routine method of anaesthetic care will be
offered for your child’s operation. It is important to note that you have the right to
change your mind at any time during the research study, even if you agree to have

your child participate currently, with no consequences for doing so.
Study Protocol and Procedure:

Participation of your child in this study will not require any extra time by you or your

child. There will be no additional cost to you or your child for taking part in the study.

We will place children involved in the study into 2 groups. The group your child will
be allocated to will be selected by chance. You will not know which group your child

will be placed in.
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You will come with your child to theatre if permitted. Your child will be placed on the

theatre bed or your lap, which ever they are more comfortable with.

Below is a flow chart (Figure 5) of what will happen during the study:

Monitors will be sttached to your child.

}

“our child will breathe & mask with cxygen and be made to sleep with
medication through the mask.

|

Cince your child is askeep, you will be taken from the theatre to wait in
thie waiting ares

If wour child is in group 1: If ywour child is in group 2:
The calculstion using their age will be used to The ulirascund machine (Figure 3) will be used
decide what size fube fo use for the operation. to decide what size tube to use for the operation.

N\ “

The tube will be placed in your child's windpips
[See figure 2]

l

A test will b2 done to decide if the tubs is the correct size

!

If the tube is not the correct size, the anaesthetist in charge will
decide if the size of the tubs needs to be changed

|

Operation will continue as planned

!

Mo further participation or follow up required by you or your child

Figure 5: A flow chart of the process of data collection for the study
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Risks of being involved in the study:

Participation in this study will not introduce any increased risk to the participants. The

risks associated with a routine general anaesthetic for your child’s operation will still
apply.
Benefits of being in the study:

There may be no direct benefit to your child for participation in this research study.
However, your participation in this study may help us find a more accurate method to
decide the size of endotracheal tube in children. This may lead to safer anaesthetic
practice in the future.

Confidentiality:

All personal information will be treated in the strictest confidence and will only be
available to the principal researcher and his supervisors. Your information will not be
shared or given to anyone that is not involved in this study. All the data collected will

be given a number instead of using your child’s name.
The only exceptions to this maybe be in the following circumstances:

e Personal information may be disclosed if required by law.

e The Human Research Ethics Committees of the University of the Witwatersrand
may exceptionally require personal data to respond to a formal complaint, or
for a compliance audit.

e The South African Health Products Regulatory Authority (SAHPRA), which is
the successor body to the South African Medicines Control Council (SAMCC),

might conceivably require access to personal data, if investigating a trial.

All data collected during this study will be stored securely for two years if a scientific
publication arises from the study and six years if there is no publication. After this, it

will be destroyed accordingly.
Right to Refuse or Withdraw from the study:

You do not have to participate in this study if you do not wish to. You may change
your decision in taking part in this research at any point, even after giving permission
to take part in this research study. The decision you make is your right and will

always be respected. No penalty nor change in quality of care will occur if you refuse
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to participate in the study. No reason is required for the decision you make. In the
event you decide to withdraw from the study, the data which has been collected will

be destroyed.
Contact details of researcher/s:

If you need further information about this study at any stage, or would like to report
any adverse events or concerns while participating in this study, please contact the
principal researcher Dr Donovan Heslop on the telephone number 079 511 9118, or
by email on 0700819K@students.wits.ac.za . The contact number for the

supervisors of this study is 011 933 9413 and their email addresses are

tristan.leonard@wits.ac.za and cara.redelinghuys@wits.ac.za .

If you would like to receive a copy of the results of this study once it is completed,

please make it known to the principal researcher and it will be made available to you.

The University of the Witwatersrand Human Research ethics committee
(HREC):

This study has been approved by the Human Research Ethics Committee (Medical)
of the University of the Witwatersrand, Johannesburg (“Committee”). A principal
function of this Committee is to safeguard the rights and dignity of all human subjects

who agree to participate in a research project and the integrity of the research.

If you have any concern over the way the study is being conducted, please contact
the Chairperson of this Committee who is Professor Clement Penny, who may be
contacted on telephone number 011 717 2301, or by e-mail on

Clement.Penny@wits.ac.za.

The telephone numbers for the Committee secretariat are 011 717 2700/1234 and
the e-mail addresses are Zanele.Ndlovu@wits.ac.za and

Rhulani.Mukansi@wits.ac.za.

Thank you for reading this Study Information Sheet

88


mailto:0700819K@students.wits.ac.za
mailto:Tristan.leonard@wits.ac.za
mailto:cara.redelinghuys@wits.ac.za
mailto:Clement.Penny@wits.ac.za
mailto:Zanele.Ndlovu@wits.ac.za
mailto:Rhulani.Mukansi@wits.ac.za

Figure references:

1. Ashton D, Rivers A, Asela, D. Chapter 2: Airway equipment. Equipment in
anaesthesia and critical care. Banbury, UK: Scion; 2014.

2. Watanabe S, Hasegawa Y, Matsushima M, Kawabe T, Shikida M. Micromachined
tube type thermal flow sensor for adult-sized tracheal intubation tube. Proceedings.
2017;1:357. doi: 10.3390/proceedings1040357.

3. Braik S. Ultrasound imaging. An-Najah National University Faculty of Graduate
Studies. 2020. doi: 10.13140/RG.2.2.29555.14889.

4. Hickman, R. What is a thyroid ultrasound? What to expect when undergoing this
test. Thyroid disease. Diagnosis. Very well health [Internet]. Dotdash. 2020.
Available from: https://www.verywellhealth.com/thyroid-ultrasound-5074142.

89


http://dx.doi.org/10.3390/proceedings1040357
http://dx.doi.org/10.13140/RG.2.2.29555.14889
https://www.verywellhealth.com/thyroid-ultrasound-5074142

4.17.4 Appendix 4: Written consent form to participate in the study

[, have read the above information, or it has been
read to me. | have had the opportunity to ask questions about it and any questions
that | have asked have been answered to my satisfaction. | voluntarily agree to have
my child participate in this research study.

Print Name of Participant

Signature of Participant

Date

Day/month/year

(If illiterate complete section below)

| have witnessed the accurate reading of the consent form to the potential
participant, and the individual has had the opportunity to ask questions. | confirm that
the individual has given consent freely.

Thumb print of participant:

Print name of witness

Signature of witness
Date

Day/month/year

Statement by the researcher/person taking consent:

| have accurately read out the information sheet to the potential participant, and to
the best of my ability made sure that the participant understands the research being
done.

| confirm that the participant was given an opportunity to ask questions about the
study, and all the questions asked by the participant have been answered correctly
and to the best of my ability. | confirm that the individual has not been coerced into
giving consent, and the consent has been given freely and voluntarily.
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A copy of this consent has been provided to the participant.

Print Name of Researcher/person taking the consent

Signature of Researcher /person taking the consent

Date

Day/month/year
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4.17.5 Appendix 5: Assent form to participate in the study

Name of the research project:
Using ultrasound compared to age to decide what endotracheal tube size to use in
children coming to theatre.

Principal Researcher: Dr Donovan Heslop

Contact No: 079 511 9118

Supervisors: Dr Cara Redelinghuys and Dr Tristan Leonard
Contact No: 011 933 9413

What is research?

Research is something we do to find new knowledge about the way things (and
people) work. We use research projects to help us find out more about children and
teenagers and the things that affect their lives, their schools, their families, and their

health. We do this to try and make the world a better place.
What is this research project all about?

This research is about the size of plastic tubes used to put in the windpipe in children
coming to theatre. This is done for many operations. We want to see if a new way of

choosing the right size plastic tube is better than the way we do it now.
Why have | been invited to take part in this research study?

You have been invited to take part in this research study because you are coming for

an operation at CHBAH.
Who is doing the research?

| am, Dr D Heslop, a doctor and | work at CHBAH. For part of my learning, | need to
learn how to do research. | am doing this research project as part of my learning and

to try to improve the safety for making children sleep for operations.
What will happen to me in this study?

e You will come to the operating room for your operation.

e You will then lay down on special bed in theatre.
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e The doctor will give you a mask to breath with medicine which will make you
go to sleep.
¢ Once you are asleep you will not be aware or have pain for the operation.
e Once you are asleep, we will put a plastic pipe into your windpipe.
e This is so we can give you medicine to keep you asleep for the operation.
e One of two things will happen once you are asleep.
- | will put the plastic tube in like we normally do
Or
- 2. | will put a special piece of equipment onto the front of your neck to
see your windpipe before we put the plastic tube in. This equipment is
called an ultrasound machine. It does not cause pain or cause any
problems to you. It is safe (See Figure 1).
- After this is done, we will check to see in the plastic pipe is the correct
size.

- Then your operation will carry on like normal.

Figure 1: Putting the ultrasound machine onto your neck to measure your windpipe

1)

Can anything bad happen to me?

There is nothing bad that can happen to you because of being in the study.
Can anything good happen to me?

There is nothing added which will be good for you by being in the study, but by being
in the study you may be helping us by making putting children to sleep for an
operation safer.
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Will anyone know | am in the study?

No one will know you are in the study because we will not use your name. The only

people who will know this are the researcher and supervisors of the study.
Who can | talk to about the study?

If you have any questions or want more information on the study, you may contact the
researcher or supervisors on the telephone numbers listed above.

What if | do not want to do this?

Itis your choice if you want to participate in the study or not. It will not change the care
you get in the hospital in any way. If you choose to take part in the study, you may

change your mind at any time, and | will remove you information from the study.

Do you understand this research study and are you willing to take part in it?

YES NO

Has the researcher answered all your questions?

YES NO

Do you understand that you can STOP being in the study at any time?

YES NO
Thumb print or Signature of Child Date
Figure reference:
1. Hickman, R. What is a thyroid ultrasound? What to expect when undergoing

this test. Thyroid disease. Diagnosis. Very well health [Internet]. Dotdash. 2020.
Available from: https://www.verywellhealth.com/thyroid-ultrasound-5074142.
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4.17.6 Appendix 6: Data Collection Form

Study number:

Age: Gender: Race: ASA status:
BMI:
Surgical discipline: Procedure:

Method used for endotracheal tube size selection (tick appropriate box):

Group 1: Age Based formula:|:| Group 2: Ultrasound method:|:|
Size of ETT estimated: Subglottic diameter (mm):
Size of ETT used: Size of ETT used:

Presence of leak (tick appropriate box):

|:| Large leak: a leak detected a pressure less than or equal to 10 cmH20
|:| Appropriate leak: a leaked present between 10 and 25 cmH20

|:| No leak: no leak present at pressure of 25 cmH20

Was the ETT exchanged: Yes [ ] No [ ]

If yes: Size smaller |:| Size larger |:| Size change:
Type of ETT used: Cuffed: |:| Uncuffed: |:|

If cuffed ETT used: Cuff pressure (mmHg):

Post-operative follow-up for complications after extubation (after 30min in recovery

room):



Does the patient have (tick appropriate box if present):
Hoarseness of the voice/ croup

Stridor

Features of breathing difficulty

(Nasal alar flaring, inspiratory apnoea, tracheal tug, accessory muscle use)

L O O
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Section 5: Annexures
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1 7
7

Dr D Heslop
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5.2 Medical Advisory Committee approval
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5.3 Wits post-graduate studies approval
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