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ABSTRACT

Background - The most challenging task an anesthesiologisésiio perform is in

evaluation and securing of the paediatric airwalge Bims of the study were to
compare prediction of appropriate size endotrach#a¢ and the number of endo
tracheal tube changes between age based formulal@asound based technique in

children undergoing general anaesthesia.

Methods - 50 subjects of either gender aged between la@&yendergoing various
elective surgeries under general anaesthesia megjendotracheal intubation were
enrolled in the study. They were divided into twoups. In one group ETT size was
estimated using traditional age based formula. threrogroup the ETT size was
estimated by measuring transverse diameter at dhiel lof cricoid cartilage by

ultrasonography. The tracheal tube was consideyprbariate if air leak was minimal
atl020 cm HO of airway pressure. The inter group continuousades were

compared using suitable tools of statistics likepaired student’'s t test. Two

quantitative variables, within a group, were comgplansing student’s paired t test.

Results -The ETT measured in the ultrasonography group mase appropriate
compared to age based formula group, the percerdagumber of ETT changed

was more in age based formula group, the resuilts gignificant (p-value 0.002).

Conclusion - In comparison to the conventional age-based ditanthe ultrasound-
based approach by measuring the subglottic dianm®tarbetter, reliable, and non-

invasive instrument in assessing the appropriaee i ETT in pediatric patients.
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I ntroduction

INTRODUCTION

Endotracheal intubation is routinely performed ieonates, infants and in
children for various surgeries performed under Ga&n&naesthesia. It is one of the

most challenging procedure even for an senior dnesislogist.

Selection of endotracheal tube of an appropriate $6 crucial step in
paediatric patients because a tube of overtly ladj@meter may result in
complications like, upper airway injury in the forof ulceration, ischemia, and
scarring that may in turn lead to subglottic steén@slema and post extubation stridor
followed by respiratory compromise. While an undersized tube can cause
inappropriate ventilation, aspiration risk, incredsgas flow resistance, inaccurate
monitoring of end tidal gases. Reintubation may &le required occasionally with a
different size of Endotracheal TuBk. Traditionally uncuffed tubes are used in
children under 8 years irrespective of the indaratand duration of intubation.
Advantages of uncuffed ETT are lower resistancandlow, larger internal diameter,
Prevents increase in work of breathing, Allows easgtioning, avoids trauma to
subglottic region. Disadvantages of uncuffed ET& krak around tube leading to
unreliable monitoring of ventilatory parametersedéor high fresh gas flows, leading
atmospheric pollution by anaesthetic gases whishelsanomical implication and also

health risk to operation theatre personnel. Heheeeed to insert a proper size ETT.

Therefore it is very vital to determine the appraj@ sized endotracheal tube
in paediatric patients. The most commonly used otettor determining the ideal
endotracheal tube size is the age based nafffePENLINGTON formula:Age < 6
years- age/3 +3.5 = Internal Diameter (ID) of Emdoheal tube.Age > 6 years —

age/4 +4.5= Internal Diameter (ID) of the Endoteahtube. Other age based
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I ntroduction

formula’s for calculating the size of Endotrachiedde include KHINEN children less
than 2 years old. KHINE FORMULA = Age/4+3, MOTOYAMformula in children
more than or equal to 2 years old. MOTOYAMA FORMULAD in mm = 0.25*(age

in years) + 3.5,COLE FORMULA=Tube size=0.25*ag84

But such formulae have their limitations in childref all ages probably due to

variety of other reasons airway development whitaxngng up.

The advent of USG has revolutionised the practitearmaesthesia which
includes Regional blocks, Vessel catheterizationd airway assessment and
management. Ultrasonography is a reliable techrnigaessess the tracheal sub-glottic
diameter which will aid in assessing and selecéingppropriate size ETT especially
in children. There are few studies in pediatricydapon for estimation of size of ETT
and its correlation with conventional estimationheiques. Hence the present study
aims at comparing two techniques namely aged bfasedila and ultrasound guided

technique to predict appropriate size ETT in cleildr
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AIMS & OBJECTIVES

The objectives of the study were:

1. To compare prediction of appropriate size Endotracheal tube.
2. The number of endo tracheal tube changes between age based formula and

ultrasound based technique in children undergoing general anaesthesia

Page 3



Review of literature

REVIEW OF LITERATURE

Endotracheal anaesthesia in children and infanssraeely performed due to
the fear of the procedure being too traumatic amtydrous potentially damaging the
airway. It was also noticed that sub glottic stémogost-extubation tracheitis,trauma
to the mucosa and laryngeal spasm was prevaleath@&@ostomy was prefered in case

of long term airway control.

In 1957 cole proposed a formula (Tube size=0.25%dyd0 predict correct
size of ET for pediatric patients,other age basethéilas like penlingtons were also
proposed. But due to wide variation and inaccuraicthe calculated ET size,other
complex formulas using multiple variables like agejght, height, little finger index

were used but are not popular in clinical praftice

In 1960, there was a major advance due to the dpwent of polyvinyl
chloride tubes over the available stiff rubber gild@eming in phidelphia and Rees in
1980 pioneered the use of endotracheal intubatotheir own pediatric patients and
the acceptance of endotracheal intubation was asei® however post extubation
complications are still present even till date thére is dramatic decrease compared

to the past.

In 2012christoph Schramm et.al conducted a study in 50 pediatric patients
of <5 years of age to measure the correct sizeTdf &ing ultrasonography before
the intubation by measuring the minimal transveliseneter of the subglottic airway
in the transverse plane and compared to two ageetklformulas. They choose
uncuffed ETT and observed that ultrasonographylifaigs accurate selection of

appropriate ETF!in pediatric patient’s and also reduced the nurobegintubations.
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Review of literature

In 2012 Kumkum gupta et.al studied 112 patients between the age of 3-18
years and measured the subglottic diameter ustregsound for estimating the correct
ETT size and correlated them with the physicaldedi(Age+height based formufh)
They measured in B mode, the transverse air colamth the ETT was selected
accordingly, optimal size was noted if the leak vasween 10-20cms of ,B.The
study showed that direct measurement of subglditimeter by ultrasonography has
significant advantages in predicting the optimalTEJize. This study showed the
higher correlation between clinically used and ptednined endotracheal tubes by

ultrasonography than predicted endotracheal tutsgleyand height based formulas.

In 2017 Demet altun et.al conducted a prospective study in 152 childve
age between 1-10 years who had an adenotonsillgctomder general anaesthesia.
The objective of this clinical study was to detammithe success of ultrasound in
paediatric patients in determining the appropr&te of cuffed ETT and to compare
the results with estimate conventional height-ba@rdselow) tap@ and age-based
formula (Motoyama and Khine) tube size. They hatatesl that the subglottic
diameter measured by the ultrasound can be a lelaid better predictor for the

evaluation of the proper size of endotracheal tolgaediatrics.

In 2018 Gulnur gollu et.al conducted study in 61 pediatric patientsdage
between 2-17 years compared the subglottic diamaté¢ne transverse plane by

233 for estimating the

ultrasound technique and cole and khine age bfasetla
appropriate size of the ETT. Cuffed ETT were empthyand the tube's location was
confirmed by ultrasound both before and after th@ery, as well as by an ETGO

trace. The results of study concluded that theasttund method of measuring the

ETT size was more accurate than age-based formulae
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In 2018 Rahul pillai et.al studied in with 49 pediatric population with
congenital heart disease the usefulness of ultrmbaueasurement of minimal
transverse diameter of subglottic airway for prog&iT size and compared it with
age-based formula and stated that pediatric patiequired a larger ETT cuffed tube
size [lolcompared with age based formula and using ultratd® measurements as

guide for ETT selection was safe and accurate.

In 2019Rekha makki reddy et.al conducted study in 41 children belonging
to ASA |1l between the age of 2-6 years by conmgathe conventional age based
formula with ultrasonographic measurement the ibgl diameter (tracheal
column) at the level of cricoid to identify the pect size of ETT. The ETT size was
considered appropriate and clinically fit if thevas an audible leak when the airway
pressure was increased to 15 cm gDHIf the leak occurred at less than 15 cm of
H,0, the tube was considered small and trachea vrtsibate with an ETT of size
greater by 0.5 mm. If there was no audible ledk28l cm of HO, the tube inserted
was considered large and trachea was reintubatdd BAiT of size smaller by 0.5
mm. They observed that US-SD correlates with ackiBl size and is useful in

choosing the correct size ETT.

In 2019 Jianhong Hao et.al conducted a study in 50 paediatric patierits
are undergoing scoliosis surgery they used ultragada predict the size of ETT and
found that ultrasound is a reliable tool to predtdiT size for patients undergoing
thoracic and lumbar scoliosis but patients withvioal scoliosis required a smaller

ETT than predicted size.

In 2019Essam mahram et.al conducted a study of forty children of ageugp

between 2-10 years belonging to ASA | and Il anchpared between age based
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formula and ultrasound to measure the MTSD to sdlex endotracheal concluded
that age based formula had a strong correlatiom Wie ETT size measured by

ultrasound.

In 2019 Subhi singh et.al studied in 100 pediatric patients of age ylears
and of either gender, they assessed the transdaseeter at the level of cricoid
cartilage not at the lower edge or at the midpaitttasound (best-fit)*?and
compared to parameters like age , height , weigheth formuld*® and diameter of
right and left little finger they came to conclusithat ultrasonography for measuring
the subglottic diameter can be a valid approachdeétermining the right size

endotracheal if the air leak was adequate at 152af HO.

Jagadish G sutagatti et.al conducted study in 75 children aged 1-14s/e&
ASA |, Il to determine the accuracy of ultrasongama for predicting correct ETT
size and differentiate it with age based formula #@eight basédl formula both
cuffed and uncuffed tubes were used they havedstat ultrasound is useful for
selection of correct ETT size and ultrasound igaife tool for both cuffed and

uncuffed ETT.

Gunjan et.al reported in 100 patients of age group ofyiears the accuracy
of ultrasonography to assess the proper ETT siad, compared it with physical
indices based formulae like age based formula, fieadtole’s formul&' was used
for uncuffed tubes and khine formtllafor uncuffed tubes was used. height based
formula were height was measured using standare, tagnsverse air column was
measured at the subglottic level using ultrasorggrao estimate the correct ETT
size. Any resistance faced during intubation orandible leak when inflated with a

pressure of 20cms of B, then the ETT was exchanged with 0.5mm smallee.tu
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The study concludes that ultrasonography is arcefie tool in predicting paediatric

ETT size.

In 2020 a meta analysis Inavana et.al conducted study in 48 studies which
were conducted from 2010 to 2020 with total nundfet978 between the age group
of neonates till 17 years of age under GA and tieye concluded that Compared to
standard age-based or height-based formulae ipabdiatric age group*°*? use
of USG for upper airways is a crucial modality andy reliably predict endotracheal
tube size estimations. The US is a highly helpfabality that is currently underused
but has the potential to quickly become a crua@al for airway control. It can assist
in accurately determining the needed ETT size,riise depth, reduce intubation

attempts, and confirm proper placement.
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Basic Sciences

BASIC SCIENCES
AIRWAY ANATOMY

Pediatric intubation is one of the most challengprgcedure even for an
experienced anesthesiologist due to the differencéhe anatomy of airway in
pediatric age group and adufs! In children, the embryological growth and
development as well as the transformations during tourse of growth and
development necessitates the requirement for ardiit technique, approach and the

devices used in them.

Mandible

\
fHyoid cartilage —
Thyroid cartilage

Cricoid cartilage

Figure 1: Pediatric Airway Anatomy

ANATOMY

The development of the skull is from a cartilagisoand membranous

neurocranium. It gives rise to the following parts:

Membranous neurocranium- the cranial vault, Caitlaus neurocranium-
skull base. The skull base modelling is a dynamac@ss which involves communal
influences among the cranial base, face, pharyna tire palate. There is a

predominance of the neural influences owing topteanpt growth of the brain where
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as there is a major role of nasal influences imaggs and young children. In relation
to the body size, children have a correspondingjgdr head and occiput. Thus there
is a higher probability of airway obstruction deenore flexion of the neck when the

child is supin€&®.

Nasal Cavity
PalaA
£ t Oral Cavity,

Lips \
Tongue - Pharynx

) ) Epiglottis

.- Larynx opening
| into pharynx

/Esophagus

Figure 2: Airway anatomy
NOSE

The nose, composed of nasal cavity and externapooent of the nose has its
origin from the cranial ectodeffi. The formation of the external component is by
the nasal part of frontal bone, the frontal proagfsshaxilla and the nasal bones. The
nasal septum divides subdivides the nasal cavity 2hcompartments. This opens
exteriorly via the nares and posteriorly via thearmae into the nasopharynx. Sensory
innervation of nasal mucosa- maxillary division t@igeminal nerve. During
developmental stages, the palatal processes ard &l directed posteriorly. Under
this influence the nasal cavities extend. Palatat@sses are separated from oral

cavity by a membrane, this membrane becomes thipregressively and rupture,
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which leads to choanal atresia. Children have ivelgt more mucosa and lymphoid
tissue compared to adults, thus making a child'sensoft and distensible. Irregular
development of nasomaxillary complex or nasal yjoan cause deviated nasal
septum which can occur in any age during childib@dEach side of nasal cavity has
the following parts - roof, floor, medial wall andteral wall. Roof is directed
upwards and backwards, thus forming the bridgehef riose. Floor is concave in
shape from side to side.The nasal septum formsnéhdial wall. The lateral wall is
formed by a bony framework comprising 3 turbinatends- superior, middle and
inferior turbinates. Below the inferior turbinateed the major nasal air passages.
Hence, during nasal intubation, the endotrachdz¢ thould be directed backwards
along the floor in such a way that it passes thinahg major nasal air passages. Nasal
intubation can become difficult when there is resise while passing the tube. One
of the reasons for resistance is hypertrophiedrimféurbinate at the posterior end
[8] Nasal breathing also hampers the airflow by irsireathe resistancé”. Nasal
apertures being small in children, can be blockasilg by edema, secretions and
blood. Such conditions may worsen the conditionare of infants by increasing the
work of breathing, as infants are obligate nasehtirers. It also adds up to difficulties

in airway management under general anaesthesidaints.
PHARYNX

The pharynx is the common pathway of upper respiyeand upper Gl tracts.
It communicates with nasal cavity to form nasopharywith oral cavity to form

oropharynx and with larynx to form laryngopharynx.
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NASOPHARYNX

It lies above and posterior to the soft palate aasial cavity respectively. It
continues as the oropharynx via pharyngeal isthrbusing act of swallowing, the
pharyngeal isthmus is sealed off thus facilitatiigglutition. Its sensory nerve supply
is by trigeminal nerve and glossopharyngeal neli% During development,
remodeling of palate occurs along with changesniguation of the skull base. This
increases the depth of nasopharynx thus formingrdarged nasal airway in adult.
The lateral wall has the opening of the pharyngpalt of the Eustachian
[pharyngotympanic] tube. Nasopharyngeal tonsils @esent on the posterior wall
and roof of the nasopharynx. Breathing maybe obstdidue to enlargement of the

adenoids and during instrumentation of the nosg iiney also get dislodged.
OROPHARYNX

It extends between the soft palate and the tippidlettis. Anteriorly it is
attached via the gloss epiglottic folds to the baédongue. The valleculae lies
between these folds. Sensory innervation- Supdaigyngeal branch of the vagus
nerve and the glossopharyngeal nerve [afferent isegufrom base of tongue and
valleculae. Stimulation of pharyngeal wall duringryingoscopy and tracheal
intubation results in reflex circulatory-responsése Waldeyer's ring is a collection
or lymphoid tissue located at the entrance of tlugloarynx [consisting of bilateral
palatine tonsils, lingual tonsils, nasopharyngewl tubal tonsils]. Breathing may be
obstructed due to inflammation of lymphoid tisswgsich can make laryngoscopy
challenging due to masseter spasm or increase zin & the tissue. Tonsillar
hypertrophy and asymmetry can also odétr The presence of a relatively larger

tongue in children further reduces the oral casise and may obstruct the airway.
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They also have a decreased muscle tone which m@yilmae to the same. In supine
infants, the tongue has a tendency to flatten agdlire soft palate during inspiration
and it might persist in the same position duringieation. Anterior displacement of
the cervical spine and extension of head at atlaotipital joint results in an

improvement in the hypo-pharyngeal airway patenayrbay not change the position

of the tongue.
LARYNGOPHARYNX

It extends from epiglottis to the inferior exterittbe cricoid cartilage. At the
center, the larynx bulges posteriorly thus creaingecess on each side which is
known as piriform fossa. Swallowed and sharp forelgpdies are commonly

impacted at this site.

_ Hyoid bone

Cartilago triticea

— Hyothyroid membrane

Corniculate cartilage

Arytenoid
— Conus elasticus (lateral parts) Posterior crico-arytenord
ligament
—==Midadle ericothyroid ligament
——Inferior cornu .
Cricothyroid
articulation

Figure 3: Anatomy of larynx
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LARYNX

The larynx is located between the pharynx andrdiehea. It extends from the
base of the tongue to the cricoid cartilage. Fanetphonation and protection of the
tracheo-bronchial tree during the act of swallowewgd coughing. Development-
begins around 3rd gestational week. Laryngotractud is formed from the ventral-
wall of the foregut. At around 41 days of gestatiardefinite larynx can mostly be
identified. By approximately 7 weeks of gestatiomo@drification of the cricoid and
thyroid cartilage begins and by 10 weeks a primaigjottis is formed and true vocal
cords split. A failure in this process may resalfarmation of a congenital laryngeal-
web or atresia of larynx may occur. A trachea-obagpal fistula may result if there
is an incomplete division of embryonic foregut [emtrly- trachea and posteriorly-
oesophagus]. The larynx has 9 cartilages- thyraidcoid, aryteoids[paired],
epiglottis, corniculate[paired] and cuneiform[paife These cartilages form an
articulating framework and are linked by ligametiteat move in relation to one
another by laryngeal muscle acti6fi. The thyroid cartilage is the largest and is
deficient posteriorly and anteriorly it forms tharyngeal prominence. The cricoid
cartilage lies beneath the thyroid cartilage ansigeet ring shaped with the broadest
part posteriorly. It is the single complete ringpld cartilage. The lower border lies
at the level of the 4th cervical vertebra at bitid at the level of the 5th cervical
vertebra by 6 years of age. In adults it lies ateé¥@|. The airway in children may get
severely compromised due to mucosal edema atithisccounting to its small size
and complete ring structure. Subglottic stenosig beseen in younger children due
to prolonged and repeated tracheal intubationse drgtenoids articulate behind the
cricoid cartilage at its postero-superior aspebe Vocal process [anterior process] is

present on each arytenoid and the vocal ligamemitteacched to it. The triangular
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corniculate cartilage lies at the apex of eacthefarytenoid cartilage and is attached
via a perichondrium. The vocal folds that are cedewith mucosa form the true
vocal cords whereas the false vocal cords [vestibidlds] are formed by mucosa
which covers the thyro-arytenoid muscléd, Laryngospasm occurs as a result of
reflex adduction of the false and true cords anday be due to surgical stimulation,
inadequate depth of anaesthesia or local stimulaifathe larynx. The joint formed
between the cricoid and thyroid cartilage is codet®y an elastic and tough
connective tissue called the cricothyroid membraksurgical airway is secured by
creating an incision or puncture through this meanbr A leaf shaped structure
present at the posterior aspect of the thyroidilage and attached to it by the
thyroepiglottic ligament is the epiglottis. The @pittis is infants is softer and
narrower, it is also deeper and omega shaped inate® and may have a V-shaped
appearance in some babies. It is situated moredrael when compared to adults in
whom the epiglottis is broad with the axis parattelthat of trachea. The epiglottis
can be lifted by using a straight blade [milleradd] which maybe useful for tracheal
intubation in smaller children.In the aryepiglottiolds, Cuneiform cartilages lie
anteriorly to the corniculate cartilages.A more tacangle is formed between the
laryngeal inlet and the base of tongue due to armsaperiorly located larynx which
may make visualization of the laryngeal structumesre difficult. A shoulder/neck
roll placed during laryngoscopy may aid to reduee hiyper-flexion of the neck of an
infant which is due to a relatively larger occiputthem.Blood supply- The superior
laryngeal artery [branch of superior thyroid artetyis also supplied by the inferior
laryngeal artery [branch of the inferior thyroideay].Nerve supply- vagus nerve by
its recurrent and superior laryngeal branches.texnal laryngeal branch is formed

from the superior laryngeal nerve and it runs betber piriform fossa mucosa. The
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vagus nerves innervate the inferior surface of ¢jpeglottis and laryngeal inlet.
Hypotension and bradycardia may occur during laogegpy as a consequence of
vagal reflex. This is usually seen with the use af straight blade. The
glossopharyngeal nerve innervates the superioaseiidf the epiglottis and vallecula
22 Recurrent laryngeal nerve damage will result otal cord paralysis of the
corresponding side, thus making it lie in the nmdlimotionless and at a lower level
compared to the opposite side. A complete losoalvpower is seen in cases with
bilateral paralysis and a valve like obstructionyrba noticed during inspiration thus
causing inspiratory stridor and dyspnea.When coetpty an adult airway, paediatric
airway is more compliant with a less well developeattilaginous support thus
increasing the susceptibility to a dynamic collapséhe airway when there is airway
obstruction. A loss of the laryngeal muscle toneoaats for airway obstruction
during general anaesthesia. Loss of pharyngeallmtmee leads to obstruction of the
airway at the epiglottis and soft palate level. Hhability and less rigidity of the
paediatric laryngeal structures makes it more prtme congenital abnormality,
laryngomalacia. The most important challenges fackding positioning and
induction of a paediatric patient is due to th@éarsize of their head compared to the
body. Also a short neck with a large occiput makedifficult to perform
laryngoscopy in these patients.They are more ptordfficulty in mask ventilation
and intubation due to the presence of a largeruenghorter mandible, prominent
tonsils and adenoids that accounts for a reducpdrugirway space. Until the age of 5

months children are also considered obligate nosathers.

The decreased strength in the diaphragmatic aedcogtal muscles is due to
the paucity in the type | muscle fibres. There b@na dynamic obstruction when

negative pressure ventilation is done due to thesgirce of more horizontal ribs,
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flexible cartilaginous rings of the trachea and @enprotrubent abdomen. The use of
anaesthetic drugs can further reduce the upperagimwuscle tone. The smaller
airways are scarce in the lungs and also the nmataraf the alveoli is not complete.
The hypopharynx is usually narrow and shorter mgte. The narrowest part of the
upper airway is at the cricoid cartilage and thgra is situated more anteriorly at the
level of the C4 vertebra. The epiglottis is sitdageross the glottis opening is more
floppy and U shaped. Endotracheal intubation mdydn@matic at times due the right
angle formed between the vocal cords and tracheehvitcreases the probability of
the collision with the anterior commissure of tleeal cord. The challenges faced due
to positioning can be avoided by placing a foldedel under the shoulder of the
patient. This often reduces the flexion of the naokl thus can make laryngoscopy
easier. The extension should not be more as itmake the larynx more anterior and

thus make visualization more difficult.

HEAD » Large occiput

* Relatively large volume of tongye

reduces available space for

MOUTH instrumentation

» Edentulous

» Cephalad placement of larynx ( C3-C4)

* Omega shaped epiglottis
NECK g p pIg

e Caudally slanted vocal cord which are
placed at arytenoids

* Narrowest cricoid ring

* Short trachea

TRACHEOBRONCHIAL TREE * Right main bronchus is acutely angled at
carina
e Turbulent gas flow till fifth bronchial
division.
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Adult vs pediatric airway

Anatomy of adult airway Anatomy of pediatric airway

Tongue Tongue
Epiglottis Epiglottis
(shorter) (floppier,
u-shaped)
Cylinder
3 Funnel
A et N
] k )
J( W\ Hyoid -/
bone A /7 bone Y/
- 4
Vocal cords Airway 77 Vocal ct?rds
(narrowest) (more ’ R Thyrond \
Thyroid . anterior 2 cartilage "
cartilage y and Cricoid — V4
Cricoid = 5 higher) ring \ 4
ring ) =7 (narrowest) | 4
Trachea / / Trachea N .
Posterior \ ; /’, Arterior Posterior Anterior

(more flexible)

Figure 4: Differences between adult and pediatric airway

ENDOTRACHEAL TUBE™

Endotracheal tube is made of polyvinyl chloride YV red rubber and
silicon. Polyvinyl chloride (PVC) substance is mpsised in disposable tubes they
are inexpensive compatible with tissue non toxiermo labile ,less likely to kink ,
less risk of transmission of infection. Red rubhdres can be cleaned, sterilized and
reused multiple times, they are toxic to tissuesslepaque. Silicon tubes are

expensive,reuseable, and less thermos labile

PARTS OF ENDOTRACHEAL TUBE

* Machine end

e Murphy eye

* Patientend

* Markings to assess depth of insertion

» Radio opague to confirm the correct placementloé tisible on X ray.
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MACHINE END
DEPTH OF

PATIENT END - '
INSERTION
MURPHY'S EYE P

t t

N
\anmet

B 10 4.0 OmAmASA A

}

RADIO OPAQUE LINE

Figure5: Uncuffed Endotracheal tube

SELECTION OF ENDOTRACHEAL TUBE!

In pediatric population uncuffed ETT are used fotubation. Various
conventional methods are available in determining ETT size PENLINGTON
formula: Age < 6 years- age/3 +3.5 = Internal Ditan€ID) of Endotracheal tube.
Age > 6 years — age/4 +4.5= Internal Diameter @D)he Endotracheal tube. Other
age based formula’s for calculating the size of dratheal tube include KHINEB
children less than 2 years old, MOTOYAMA formuladhildren more than or equal
to 2 years old. Several other conventional metlavdsalso present like height based

formula, weight based formula, width of little fieg

Page 19



Basic Sciences

UL TRASONOGRAPH Y!2526.2728]

Ultrasounds are acoustic waves characterized byequéncy above the
threshold of human detection (above 20 000 Hz)thin field of medical imaging,
frequencies ranging from 2 to 15 MHz are routineised. US probes contain
piezoelectric materials whose mechanical and ébettiproperties result in the
production and transmission of sound waves, and theeption in the form of echoes

from tissues.

According to the pattern of reflection of the re@sl sound waves, which
depends upon the different impedance of each tigsudtrasound, the transducers
recreate the shape and the internal structureeoéxplored organs In the presence of
different acoustic interfaces, the majority of eeti@are derived from tissues shown as
white and called hyperechoic. In the presence wf deoustic interfaces, echoes are
formed much less; the structures appear black emdaled hypoechoic. An inverse
relationship exists between the US frequency analbility to penetrate into tissues
(e.g., low frequency and high penetration into uésy, and there is a direct

relationship between frequency and potential intagelution.

When examining airways, superficial structures (2a8 below the skin) are
visualized with 7.5 MHz linear probes, and deepdtires with 5 MHz curved-array
probes. Airways are mostly superficial structurest their content of air prevents
their deeper parts from being properly visualizihilarly, the presence of air inside
the filled cuff of an endotracheal tube makes i®ualization impossible. Air is a
weak conductor of US; at the tissue-air interfatttasounds are reflected and
artifacts created. For this reason, transducerk wadtriable frequencies should be

used, along with cross-beam imaging, in order taiakimages of good quality, or it
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may be necessary to adopt tricks to optimize thedfiSction pattern, e.g., filling the
cuff of an endotracheal tube with fluids (e.g.jre) or air bubbles, or visualizing the

tube during its passage through the larynx.

Ultrasound waves in the frequency range of aroutal 5 megahertz have a
wide range of diagnostic and treatment purposehm field of medicine. The
ultrasonography works on the principle of Piezogieceffect. This effect converts
mechanical / Kkinetic energy into electrical enerdy deformation of
crystals.Piezoelectric effect can also be reversedby electrical energy the crystals

can be oscillated to form ultrasound waves (medzgnergy).

The ultrasound transducer has the function of primduthe ultrasound by the
above said mechanism. This ultrasound producectlgahrough tissues and gets
reflected back. The returned echo waves after nregche transducer gets changed to
electrical energy which is later processed and yredan image. The transducers
work in a range of frequencies. Transducers witthér frequencies (5 — 7.5 MHz)
are used in imaging superficial structures whetbasones with lower frequencies

(2.5 — 3.5MHz) produce images of deeper structures

It is on the surface that lies between tissuesag§img density, the ultrasound
gets reflected. If the difference in densities ighkr, the sound waves that get
reflected is also high and the opposite also htdds. Therefore, with very high
difference of densities (bones, air, calculi) tleaired will be completely reflected
back. This produces the acoustic shadowing. Iftikeies are homogenous in their

densities, then echo-free images are seen (blome, @scites).
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Transducer -This is the hand-held part of the sdéivemd machine. It has the function

of interconverting the energies (electrical and Inasmical) based on piezoelectric

effect. They contain lead zirconate titanate ctgstammonly.

It comprises 5 major components:

Crystals: possessing piezoelectric property. Caarksnged in either linear or
curvilinear manner.

Electrodes: positive and ground. For electricalnemtion

Damping block: to dampen stray sound waves

Matching layer: For proper transmission of sound/egato one or multiple
tissues.

Housing.

They produce the ultrasound waves in either lingaquential) arrays or phased

array.

Linear Transducer:

The piezoelectric crystals — Linearly arranged

Produce rectangular ultrasound beam

Produce rectangular ultrasound beam

Used for superficial imaging.

Footprint — wide with frequency of 2.5 — 12MHz hetcentre in 2D imaging
probe

and frequency 7.5 — 12 MHz at the centre in 3D img@robe.

Applications of linear probe in anaesthesia:

Airway assessment
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» Visualisation of superficial structures like Braahplexus
* Vascular access

* Vascular examination

Curvilinear Transducer:

The Piezoelectric crystals — curvilinear arrangetmen

* They produce convex ultrasound beam.

» Used to image deeper tissues.

* As depth of imaging increases, image resolutiomedeses.

* Foot print is wide with central frequency beings 2. 7.5MHz for 2D imaging
and 3.5 — 6.5MHz for 3D imaging.

» Applications of curvilinear probe in anaesthesia:

» Deep nerve blocks
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ULTRASONOGRAPHY AND AIRWAY#

Normal appear ances of standard anatomical structures

It is important to be consistent with the imagingrameters and settings in
order to be able to develop a mental database rofialcappearances. Below are the
expected echogenic appearances of different aneabrstiructures when scanned at

higher frequencies.

Fat

As a general rule of thumb fat appears hyperechddght)—such
appearances can be consistently seen in the subout fat, but also in between

structures in the neck.

Muscle

Muscular structures are generally of lower echaggn(hypo echoic/dark) on
ultrasound. Within these one can see hyperechmality from the connective tissue
supporting the muscular fibers. On transverse inqaghese can be seen as brighter
dots, whereas they appear more linear when the lenggoup is imaged in the
longitudinal plane. Hyper echogenicity may be ap@ted around the muscles from

the supporting fascial structures.

Bone

Ultrasound travels poorly through bone due to thesity of the latter—When
bony structures are encountered, this results irerg bright line/interface at the
surface of the bone and significant posterior atoshadowing behind this limiting,

or even eliminating the information which can betaged deep to the bony
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structures. In such a case, looking through derradtive window should be

attempted if possible

Cartilage

Appearances of cartilaginous structures can beabtaidepending on the
density and how much calcification is present withHowever, as a general rule,
cartilage appears hypo echoic (low echogenicitkjdavhen compared to the fat

around it.

Air

Air bubbles result in tiny hyper echoic (bright)cfe- these often have ‘ring
down artifact’ an appearance quite characterisseilting in a ‘comet-tail appearance’
secondary to resonance phenomenon by the air luWleen a whole interface of air
is encountered (for example at the lung surfade)appears hyper echoic with similar

artifacts seen deep to the superficial surface.
Fluid

The echogenic appearances of fluid is variabledepends on the consistency
and density of the material in question. Cleardfl¢guch as urine in the bladder)
appears anechoic (black). Similar appearanceseareia cysts containing clear fluid
that can be encountered in the neck (ex: cysticdmgg or in a simple thyroid cyst,

blood in vessels appear dark).

Vascular structures

These appear as hypo echoic round or oval striciaréhe transverse plane

and linear tube-like structures in the longitudinalbne. Flow is identified if
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interrogated with Doppler ultrasound. Venous suites compress with moderate
pressure unlike arterial counterparts where sigaiiily higher pressure is needed in

order to compress the vessels.

Essential scanning protocols

A main advantage of ultrasound is the dynamic matidirthe real time picture
allowing visualization of the changes of anatomyg &tations in real time. However,
at the same time, this is also a potential weakiéshis modality as a separate

operator is required independently to instrumeatainway.

The following section describes scanning prototudd are suitable to identify

the normal ‘static’ and ‘dynamic’ airway anatomyabfildren.

M outh/or opharynx and tonsils

Identification and localization of oral structures:

Through such an ultrasound window, depending orside of the patient, it is
often possible to visualize all the anatomical ctites from the mentum proximally
to the hyoid bone distally. This may necessitatengmg to a curvilinear probe in a
larger child. Identification and localization ofettionsils: Foci of echogenicity in the
tonsils correlate with air within the crevices dfist structure. Scanning the

contralateral side of the face/upper neck will destmate mirror images.
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Figure 6: USG image of M outh/or opharynx

Infrahyoid region

The hyoid bone is normally still cartilaginous ioung children and appears
hypoechoic. As it calcifies it increases in echagignand casts a posterior acoustic
shadow. Below the hyoid, suitable images can baiokd again in transverse and
longitudinal plains. This area allows good acces¢he larynx with full access and
visualization of its internal structures. With thatient in a straight supine position, a
transverse image allows identification of the upparynx, false vocal cords
superiorly, true vocal cords inferiorly, and contition of this into the upper trachea

and esophagus at the level of the thyroid gland.

The false cords demonstrate more echogenicity dater them due to the
presence of fat. Inferior to the level of the fatswds are the true cords, and the
larynx continues as the cricoid cartilage. Betwidencricoid cartilage and the thyroid
cartilage, the thin cricothyroid membrane can benidied. Beyond the cricoid

cartilage, the trachea starts.
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Figure 7: USG of infra hyoid region

Thetrachea

With the child in a supine position and the headnig perfectly forward, the

trachea can be well visualized just inferior to mgnx above the suprasternal notch.

Figure 8: USG of trachea
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MATERIALS AND METHODS

Source of data: The present study titled “COMPARISION BETWEEN
ULTRASOUND BASED TECHNIQUE AND AGE BASED FORMULA IN

PREDICTION OF APPROPRIATE ENDOTRACHEAL TUBE SIZE IN
CHILDREN “ONE YEAR HOSPITAL BASED RANDOMISED CONTRD

STUDY” was conducted in paediatric patients betwege group of 1-8 years
undergoing elective surgeries under endotrachealefaé Anesthesia between 1st
January 2021- 31st December 2021 at “KLE'S Dr. Ra#lr Kore Hospital and

Medical Research Center, Nehru Nagar, Belagavi”.

Study design12 Months hospital based randomised study

Sample sizeTotal sample size: 50

Sample size calculation:The minimum sample size formula based on mean and
standard deviation where n = zs linked with the level of significance an@
linked with the power of the test. For 5% leveltbé significance @ =1.96 and f
=0.84 for 80% power of the test. The mean of th& firoup (4.43) and is the mean
of the second group (4.59). sl is the standardatiewi of the first group (0.23) and s2

is the standard deviation of the second group j0/¢h these values the sample size
obtained was 19 in each group. To make the studg manfirmative, the sample size

was raised to 25 in each group.
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The criteria for the study was following:

Inclusion Criteria:

» Consent provided by parents and guardians.

Children aged between 1-8 years of age.

ASA physical status | and II.

Patients undergoing elective surgeries under gearegsthesia.

Exclusion Criteria:

» Patients whose parents are not consenting forttiay.s

« Patient having upper respiratory tract infectiomacheal and laryngeal
pathology.

» Patients undergoing emergency surgeries.

» Patients with airway difficulties.

» Previous history of child requiring an exceptiopddirge or small size tube.

After Institutional review board and Ethical comteé clearance, parental
consent and having met inclusion and exclusioreqaitpatients were randomized
based on computer generated randomization taldeoin¢ of the two groups of 25

each.

Group A

Tracheal intubation performed with an Endotrachedde of the size as

determined by the age based formula.
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Group B

Tracheal intubation performed with an Endotrachiedde of the size as

determined by ultrasonographic assessment of stiicglitameter.

All children were kept NBM for at least 6 hours@rto surgery. On the day
of surgery, after confirming the NBM status and semt was ascertained in the
recovery room all patients were premedicated wifhGlycopyrrolate (0.005mg/kg)
and Inj. Ketamine(5mg/kg) IM and then shifted toerdion theatre. Inside the
operation theatre standard monitoring devices BK&G, pulse oximeter and NIBP
were connected. Intravenous access was securegl 28 or 24G IV cannula and

ringer lactate IV infusion was started.

Group-A: ETT tube size was estimated by using age basetlfa
. In children < 6years -  Age/3+3.5

. In children > 6years — Age/4+4.5

Group-B: ETT tube size was estimated by measuring thelstilegdiameter using

high resolution B ultrasonography

Patients were placed in supine position with hetaeatral position and the
probe of ultrasonography was placed in midline eTvacal cords were localized seen
as a pair of hyperechoic linear structure movingngl with respiration and
swallowing. Then the probe was moved caudally soiaiize the cricoid arch to avoid
confusion between the cricoid cartilage and trachiea. The measurement of
tracheal diameter was taken as a transverse aimcotiameter done at cephalic half

of the cricoid cartilage which is narrower than taeidal part of cricoid cartilage.
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This was considered to be same as the outer diawieE T. The appropriate

size of internal diameter of ETT corresponding uiteo diameter were then selected.

All patients were pre-oxygenated with 100% oxygen3 minutes and then
premedicated with Inj.Midazolam (0.05mg/kg) and teegl (2mcg/kg) anaesthesia
was induced with Inj.ketamine (1-2mg/kg) and Ingc&inyl choline (2mg/kg) was
administered to achieve skeletal muscle paralgsiadilitate endotracheal intubation.
Uncuffed endotracheal tubes were used. Endotrat¢hbkalintubation was done. The
following parameters were used to assess whetherstiected ETT is of an

appropriate size:

» ETT passing smoothly through the glottis
* No audible leak at 10-20cms of H20

» A square wave capnography on ventilation.

After insertion of the ETT the appropriate size veh®cked by conducting a
leak test if the leak was10-20cms oftHthen it was considered appropriate if a leak
of<10cms of HO, and excessive leak >20 cms offHvas inappropriate and the tube

size was changed. The number of ETT changes ingracip were also noted.

STATISTICAL ANALYSIS : The study was focused on comparison of two groups
For the continuous quantitative variables meansaaddard deviation was calculated.
The inter group continuous variables were compaedg suitable tools of statistics
like unpaired student’'s t test. Two quantitativeriafales, within a group, were

compared using student’s paired t test.
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The categorical data are expressed in terms of,reitios and percentages.
The association between the outcome, clinical amatyraphic characteristics was

tested using Chi-square test or Fisher’s exact test

Discrete variables were represented by median. &lampetric tests were used

for comparing discrete variables. Suitable grapleewsed to depict the comparison.
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RESULTS

The study entitled “COMPARISION BETWEEN ULTRASOUNDBASED
TECHNIQUE AND AGE BASED FORMULA IN PREDICTION OF
APPROPRIATE ENDOTRACHEAL TUBE SIZE IN CHILDREN —“OR YEAR

HOSPITAL BASED RANDOMISED CONTROL STUDY”

Total 50 patients were divided into two groupsjr2&ach group

GROUP A — Age based formula

GROUP B — Ultrasound based technique

The results were measured and analyzed as follows
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GENDER DISTRIBUTION

There were ten (40 %) females and fifteen (60%)esal Group A and eleven (44%)

females and fourteen (56%) males in the study. Ndissical significance was

present.
GROUP A GROUPB

GENDER NUMBER % NUMBER %
FEMALE 10 40 11 44

MALE 15 60 14 56
TOTAL 25 100 25 100

Table 1: Gender Distribution
GENDER DISTRIBUTION

prd

i

. 15

=

T

O 10

LL

O

0

m 5

=

-

pd

0
GROUP A GROUPB
FEMALE mMALE

Graph 1: Gender distribution
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AGE DISTRIBUTION

The minimum age was lyear, and the maximum age8wears.The mean age 4.25
was and the standard deviation of 2.56 in groupnd mean age 4.60 and standard
deviation 2.42 in group B. In the age group fron3ykars there were 10 (40%)
children in group A and 10 (40%) children in grd8p Age group from 3-6years there
were 9 (36%) children in group A and 8 (32%) cheldin group B. Age group from 6-

9years there were 6(24%) children in group A ar@B%) children in group B. No

statistical significance was present.

GROUP A GROUP B
AGE NUMBER % NUMBER %
1-3 10 40 10 40
3-6 9 36 8 32
6-9 6 24 7 28
TOTAL 25 100 25 100

Table 2: Agedistribution

Agedistribution
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Graph 2: Agedistribution
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WEIGHT DISTRIBUTION

In the present study the Mean weight was 12.51stawddard deviation was 5.61 in

Group A and Mean was 4.60 and standard deviatian2m2 in group.

APPROPRIATE ESTIMATION OF SIZE ETT BY AGE BASED FORJLA AND

ULTRASOUND
Appropriate | Percentage% | Pvalue
Estimated size by age based formula 16 64
0.002
Estimated size by USG 24 96

Table 3. Appropriate estimation of ETT

The percentage of appropriate ETT size estimateagen based formula group was

64% and that of ultrasound group was 96% p valu®.002 which is statistically

significant.

NUMBER OF ETT CHANGED GROUP A AND GROUP B

In present study the number of ETT changed was 208toup A and zero in group

B, p value obtained by using chi square test i2@0Avhich shows that the proportion

of ETT changed is significantly more in group A quemned to group B.

GROUP A GROUP B P value
ETT CHANGES NUMBER % NUMBER %
Not Changed 20 80 25 100
0.0206
Changed 5 20 0
TOTAL 25 100 25 100

Table 4 Appropriate ETT placement in both the groups
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DISCUSSION

Intubation in pediatric population is quiet challenging task even for an
experienced anaesthesiologist. Difficulties have been faced in determining the
appropriate tube size using various methods like age based formula, based on weight,
little finger diameter. Paediatric airway sonography is constituted by homogenous
cartilages without calcification and hyperechoic mucosal air interface. These
structures are encircled by isoechoic thyroid and hypoechoic constrictors, the
transverse diameter was precisely and accurately measured with USG. While a child
was breathing spontaneously or paralyzed the narrowest diameter is the transverse
diameter. 34® Both transverse diameters at the level of vocal cords and cricoid

cartilage are lesser when compared to anterior posterior diameter.

A total of 50 paediatric patients aged from 1 to 8 years old who were
scheduled for surgery under general anaesthesia were randomly divided into one of
the group each with 25 patients. Present study aimed in measuring the appropriate
ETT in two groups. In group A the age based formula was applied in children <6
years = Age/3 +3.5 and in children >6years = Age/4+4.5. In group B, ultrasonography
was employed. The gender distribution in two groups did not differ significantly from
one another. Age group from 1 to 3 years made up magjority of the research
participation. The demographic profile and patient characteristics between the two

groups were not significantly different.

In our study the probe was placed at the level of cricoid cartilage which are
hypoechoic structures taken as reference point to measure the subglottic diameter. In
study done by shibasaki et.al the probe was placed at the lower edge of the cricoid

cartilage E. J. Kim et a in their study adopted transverse measurement at the level of
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subglottic diameter over antero posterior diameter, which is smilar to our study.
Because of the subglottis oval shape, the transverse diameter is marginally less than
the AP diameterl®; thus, measuring the transverse diameter of the subglottis
considered to be the most accurate method for determining the maximum permitted

ETT diameter.

In the current study uncuffed endotracheal tubes were preferred in view of
preventing trauma while intubation, and also the tubes to have lesser outer diameter
than cuffed tubes. similar to the study by Surabhi .et.al even they used uncuffed ETT

and has similar point of view regarding uncuffed ETT.

In the present study the percentage of assessment of appropriate ETT size in
age based formula was 64% and with USG guided technique was 96% with a p value
of 0.002 which proves to be statistically significant which correlates with studies done
by Bae JY et al. who observed the percent to estimate correct ETT size was 60% by
ultrasound and 30% by age based formula. In a similar study done by Schramm et al
the percentage to predict appropriate size ETT compared with ultrasound was 48%

compared to 24% in the age based formula.

In present study the number of ETT change was 20% in group A and no ETT
was changed in group B, p value obtained was 0.0206 which shows that the
proportion of ETT changed is significantly more in group A compared to group B
which correlates with the study done by Subhi singh et.al were the success results of
age based formula was 95% and that of ultrasound based technique was 100%.
proving that ultrasound based technique promotes the reduced number reintubations

and prevents traumatic intubations
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SCOPE AND LIMITATION

Limiting factorsin present study was sample size was small.
Age group between 9-12 years was not included.
Larger sample size is required to validate the study results.

Application of ultrasound technique in older children further studies have to

be done.
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SUMMARY

The study titled “COMPARISION BETWEEN ULTRASOUND B2ED
TECHNIQUE AND AGE BASED FORMULA IN PREDICTION OF
APPROPRIATE ENDOTRACHEAL TUBE SIZE IN CHILDREN “ONEYEAR

HOSPITAL BASED RANDOMISED CONTROL STUDY”

In the present study 50 pediatric patients of eijender between 1-8 years of
age belonging to ASA | and Il posted for electivegery. After Institutional review
board and Ethical committee clearance, parentaemrand having met inclusion and
exclusion criteria patients were randomized based amputer generated
randomization table into one of the two groups ®feach. In Group A ETT size was
estimated by age based formula and in Group B hggusitrasonography by

measuring the subglottic diameter.

The present study shows the percentage of estimafiappropriate ETT size
in age based formula was 64% and in USG guidednigah was 96% with
significant p value 0.002 and the number of ETTngjes was 20% in age based
formula and no change in USG based technique withalpe 0.0206 which is

statically significant.

In conclusion, the present study it is found tlnet €stimation of appropriate
size of ETT done ultrasonography is better in miay the size of ETT than age

based formula.
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CONCLUSION

In conclusion, comparison to the conventional age-based formula, the
ultrasound-based approach by measuring the subglottic diameter had a better

prediction percentage in estimating appropriate size of ETT in pediatric patients.
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ANNEXURE —I — CONSENT FORM

Master / /Miss. we are requesting you to enroll

you in the study titedCOMPARISION BETWEEN ULTRASOUND BASED
TECHNIQUE AND AGE BASED FORMULA IN PREDICTION OF
APPROPRIATE ENDOTRACHEAL TUBE SIZE IN CHILDREN -“ON E
YEAR HOSPITAL BASED RANDOMISED CONTROL STUDY” conducted by

Dr. Post Graduate in M.D. Amasgtlogy under the guidance

of Dr. Professor and Head DepattofeAnaesthesiology, J.N.

Medical College, Belagavi under KAHER, Belagauvi.

Respected Sir/Madam, we request you to participataur study as you are
eligible for it. During the study you will be askeme questions regarding your

medical history and you are supposed to answéretbést of your knowledge.

Your participation in this research is voluntaryol¥ decision whether or not
to participate in the study will not affect youlatonship with J.N.Medical College.

If you decide to participate you are free to withwirat any time.

INTRODUCTION AND PURPOSE: The present study will be conducted among
patients in the age group of 1-8 years scheduleddnous elective surgeries under
general anesthesia with endotracheal intubatiorKIaE’'s Dr. Prabhakar Kore
Charitable Hospital and Medical Research Centrdad2®i. You are requested to
participate in the study and your participatiocasnpletely voluntary and to compare
the efficiency of ultrasound guided measured suhgldiameter with the age based
formula for the estimation of size of the endotemihtube intubation in patients

undergoing general anesthesia.
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PROCEDURE: If you agree to enroll in my study, | will ask yiopresent, past and
family history. Then you will be clinically examidein detail. You will be allotted

into one of the two groups randomly using compgtarerated software.

Group A: ETT tube size will be estimated by using age ddsanula

In children < 6years - Age/3 +3.5

In children > 6years - Age/4+4.5

Group B: ETT tube size will be estimated by measuringshieglottic diameter using
high resolution B ultrasonography sonosite M TURB®@ar probe of frequency 7-

15MHz.

BENEFITS: Patient will not be eligible for any kind of mdaey benefits or free

services by virtue of our participation in the stud

RISKS: Methods applied to the study are safe

COST OF PARTICIPATION : The cost of the investigation will be borne b th

study subject. The other indirect expenses wilbbene by the investigator.

PRIVACY AND CONFIDENTIALITY : The results of the study may be published
in journals for scientific purposes. However, yadentity will not be revealed. All
information collected will be coded so that no ather than the investigator will

know your identity.

WITHDRAWAL FROM THE STUDY : You can withdraw from the study at any

time if you wish to do so.

Page 48



Annexures

ALTERNATIVES : The researcher may use the information gatheed this study
for presentation in scientific meetings. Howevesuryidentity will not be revealed.
Any information that is obtained in connection withis study and that can be

identified with your identity will remain confideial.

PRIVACY AND CONFIDENTIALITY : The only people to know that you are as
research subject are you and members of the résesam. No information provided

by you during the research will be disclosed tceothithout your written permission

except:
1. In emergency to protect your rights and welfare.
2. If required by law.

AUTHORIZATION TO PUBLISH RESULTS : When the results of the research
are published or discussed, in a conference, rmrnvdtion will be displayed that
would disclose your identity. Any information thatobtained in connection with this

study and that can be identified with your ident#ynaining confidential.

FINANCIAL INCENTIVES FOR PARTICIPATION: No financial incentives are
being offered to enrolled patients. It is purelynigedone with the idea of research and

all the cost of the study will be borne by the istigator.

COMPENSATION: In the event of injury related to the study, treent will be
made available through KLES Hospital and MRC, Balag There is no
compensation or payment for such medical treatrbgraw. If you get injured you

may contact Dr. at Departroeitnaesthesiology, J.N.

Medical College or by Ph. No: QUESTBOM case you have any

guestions related to the study, in future or inecak study related injury or illness,
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you can contact Dr. DepartménAresthesiology, J.N.

Medical College, Belagavi. Phone number: or Dr.

Professor and head, Dept. Of Anaesthesiology,Madlical College, Belagavi. If you
have any queries about your rights as a study stibjeu may callDR. HARSHA

HEGDE, Chairman, JNMC, IEC& Scientist, ICMR, National Inste of Traditional

Medicine, Belagavi.

Page 50



Annexures

CONSENT STATEMENT TO PARTICIPATE IN RESEARCH STUDY

| Mr./Mrs.---=-=-mmnmmmmmeem voluntarily agre for the participation of the subject for
the study. By signing this consent form | am natirgg up any of my legal right. |
may withdraw from the study any time. | am signthg consent form after having
read or been read to me in my vernacular languagkeiding the risk and the benefits

and having all my queries cleared.

Name of study patient:

Signature or the left thumb impression:

Name and signature of witness:

Name and signature of investigator:

Date:

Place:
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ANNEXURE-II

PROFORMA

“‘COMPARISION BETWEEN ULTRASOUND BASED TECHNIQUE WH AGE
BASED FORMULA IN PREDICTION OF APPROPRIATE ENDOTRAEAL
TUBE SIZE IN CHILDREN - “ONE YEAR HOSPITAL BASED RADOMISED

CONTROL STUDY”

Group allotted: A Bo Date of Examination:
Name: Age:

Gender:

Address:

History and examination:

Weight: Clubbing:
Height: Pulse:
Temp: B.P.:
Pallor: RR:
Cyanosis: SPO2:

Pedal edema:

Drugs and past history:

Birth History:

H/o previous surgery/(s) where airway difficulty svancountered. Yes No
Allergy and previous anesthetic experience:

Cardio-vascular system:

Respiratory System:
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CNS:

P/A:

Musculoskeletal system:
Teeth:

Jaw movements:

Airway assessment:

Spine:

Preoperative physical status
Proposed surgery:

Premedication:

ASA Grade |1 | Il

v

No of ETT changes

Age Group (years)

2

1-3

3 -6

6 -9
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ANNEXURE I

PHOTOGRAPHS

Photograph 2: ULTRASONOGRAPHIC PROBE
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PHOTOGRAPH 4: SUBGLOTTIC DIAMETER
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ANNEXURE IV
MASTERCHART
Sex ASA | Weight| Actually put Age based ETT changed |appropriate sizq
Grade | (Kgs) ETT formula
S| No|Randomisation Patient Name |Age in
Number years
1 1 B/o laxmavva 2 female I 8.8 5 4 yes no
2 1 Vedant 4 male I 11 5 5 no yes
3 1 Sarshi 1 female I 6.6 4 3.8 no yes
4 1 Vinayak 8 male I 21.5 5.5 5.5 no yes
5 1 B/o Nagina 3.5 female I 10.8 4.5 4.5 no yes
6 1 B/o Malari 1 male I 5 4 4 no yes
7 1 Mohammad 6 male I 15 5.5 5.5 no yes
8 1 Ryan 8 male I 22.5 5.5 6.5 yes no
9 1 Joy 6 male 1 18 5.5 6 no no
10 1 Nakul 2 male I 7 4 4.1 no no
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11 Shivani 1.5 female 5 3.5 4 no no
12 Arnav 6 male 15 5 6 yes no
13 Rama 1.2 male 4.5 4 3.9 no yes
14 kushi 4 female 9 5 4.8 no yes
15 krishna 8 male 14 5.5 6.5 yes no
16 advik 1 male 6 4 3.8 no yes
17 fardik 4 male 20 5.5 4.8 no no
18 prenika 8 female 20 5.5 6.5 yes no
19 priya 3 female 14 4.5 4.5 no yes
20 tanushree 7 female 19 6 6.25 no yes
21 mallik 1 male 7 4 3.8 no yes
22 akshay 7 male 15 6 6.25 no yes
23 harshit 3 female 15 4.5 4.5 no yes
24 samanvith 4 male 9 4 4.5 no yes
25 riya 6 female 14 5 4.8 no yes
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N0 I encnama ASSIN o ASA Weigh | Actualy | measurca 12PN ETTAGe baed 07T\ e e ETT AT
Number years Grade (Kgs) | putETT Sd%gﬂg:gc diameter (in mm tube diameter changed size
1 2 Supriya 8 female| | 18 5.5mm 7.2 7.6 8.8 6.5 no yes
2 2 Rohit 3 male I 4.5mm 6 6.2 6 4.5 no yes
3 2 Shivadeep| 8 male I 24 5.5mm 7.5 7.6 8.8 6.5 no yep
4 2 Ashwanth 2 male I 9 4.5mm 5.9 6.2 5.3 4 no yes
5 2 Ganesh 8 male I 20 6.0mm 8.1 8.2 8.8 6.5 no yep
6 2 Shreya 5 femalel | 20 5.0mm 6.7 6.9 6.7 5.1 no yep
7 2 B/o Nirmala| 1.5 male | | 7.5 4.5mm 5.7 5.7 5.3 4 no yes
8 2 sharaddi 8 female| | 10.2 5.0mm 6.8 6.9 8.8 6.5 no yes
9 2 Niranjan 4 male I 6 5.0mm 6.8 6.9 6 4.8 no yes
10 2 Rishika 25 | female | 3.5 3.5mm 4.3 4.8 6 4.3 no no
11 2 Swapnil 5 male I 15 5.0mm 6.5 6.9 6.7 5.1 no yep
12 2 Sarita 1.5 female | 7 4.0mm 54 55 5.3 4 no yes
13 2 Yogesh 8 male I 17 6.0mm 8 8.2 8.8 6.5 no yes
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14 Amrutha 8 female 20 5.5mm 7.5 7.6 8.8 6.5 no ye
15 Samanvi 5 female 13 5.5mm 7.3 7.6 6.7 51 no ye
16 Madhushree 2 female 5 5.0mm 6.7 6.9 5.3 4.1 no yes
17 Ritesh 3 male 14 5.0mm 7 6.9 6 4.5 no yes
18 Advik 1.5 male 5 4.0mm 5.3 5.5 5.3 4 no yes
19 ishaan 7.5 male 14 6.0mm 8 8.2 8 6.3 no yes
20 amaya 4 female 10 5.0mm 7.4 7.6 6 4.8 no yes
21 dhruv 5 male 14 5.5mm 7.8 7.6 6.7 51 no ye
22 akhila 4.5 | female 14 5.0mm 6.6 6.9 6.7 5 no yes
23 sheetal 3 female 9 4.5mm 6 6.2 6 4.5 no yes
24 arjun 5 male 15 5.0mm 6.7 6.9 6.7 5.1 no ye
25 rudra 2 male 6 4.5mm 6 6.2 5.3 4.1 no yes
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