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ABBREVIATIONS

GA - general anaesthesia

ETT - endotracheal tube

VAP - ventilator- associated pneumonia
PEEP - peak end expiratory pressure
VILI - ventilator induced lung injury

SAD - supraglottic airway device

LMA - laryngeal mask airway

PIP - peak inspiratory pressure

EtCO2 - end tidal carbon dioxide

02 - oxygen

CO2 - carbon dioxide

PaCOz2 - arterial partial pressure of carbon dioxide
PaO2 - arterial partial pressure of oxygen
TV - tidal volume

PCV - pressure controlled ventilation
VCV - volume controlled ventilation

P/V - pressure volume

CT - computer tomography

HR - heart rate

BP - blood pressure

ARDS - acute respiratory distress syndrome
PPV - positive pressure ventilation

FRC - functional residual capacity

IV - intravenous

OR - operating room

NIBP - non invasive blood pressure

ECG - electrocardiogram

SpO2 - oxygen saturation

SD - standard deviation

OR - operating room

Vi



ABSTRACT
Title:

To compare leak volume with and without the appidca of positive end-
expiratory pressure with I-gel based general ahaegt in pediatric patients. A one
year randomised control trial.

Background:

General anesthesia (GA) is an essentialpooent of pediatric surgical
procedures, ensuring unconsciousness, analgesianascle relaxation. The use of
supraglottic airway devices, such as the I-gel,daBed attention due to their ability
to maintain airway patency with minimal complicat$o Positive end-expiratory
pressure (PEEP) is widely used in adult patientsnfirove oxygenation and reduce
airway collapse, but its benefits in pediatric eats undergoing I-gel-based GA
remain unclear. This study aims to compare thectffef applying PEEP on airway
leak volume and leak fraction in pediatric patients
Aimsand Objectives:

This study aims to compare leak volume, leak foactiend-tidal CQ and
peak inspiratory pressure in pediatric patients eogoing I-gel-based general
anesthesia with and without 5 cm@ of PEEP to assess its impact on ventilation
efficiency and airway leaks.

M ethodology:

A randomized controlled trial was conddcte 70 pediatric patients (ages 2-12
years) undergoing elective surgery under GA. Peiamre divided into two groups:
Group A (I-gel with PEEP of 5 cm-B) and Group B (I-gel without PEEP). Standard
anesthetic protocols were followed, including prdioation, induction, and
maintenance of anesthesia. Leak volume, leak tnacpieak inspiratory pressure, and

Vi



EtCO: levels were assessed at 5, 30, and 60 minutesistiBt& analysis was
performed using SPSS 22, employing Student’s {-ASOVA, and Chi-square tests
where appropriate.
Results:

The mean age of patients in Group A a8 * 4.00 years, while in Group
B, it was 8.28 + 3.78 years (p = 0.129). The mesak Ifraction at different time
intervals was statistically significant within G@uA but not within Group B or
between groups. Leak volume showed statisticalifisggnce within both groups, but
intergroup differences were only significant at 8@minute mark. Peak inspiratory
volume was significantly higher in Group A compartedGroup B across all time
intervals. No significant differences were found iftspiratory or expiratory volumes.
No complications, including airway trauma, reguagdn, or aspiration, were
reported.

Conclusion:

The use of PEEP with I-gel in pediatdoesthesia demonstrated slight
improvements in leak fraction and leak volume, $uattistical significance between
groups was limited. Given the observed trends,h@urtlarge-scale, multi-center
studies with standardized protocols are recommendebetter define the role of

PEEP in optimizing ventilation strategies for peddapatients.

Keywords:

I-gel, PEEP, pediatric, general anaesthesia,ueakne, leak fraction
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INTRODUCTION

General anaesthesia (GA) is one of the common Hretestechniques used
for surgical procedures. Anaesthesia, Analgesia, Amnesia - an anaesthetist’s
cardinal rule.

GA allows for controlled airway management and tV&mon, ensuring
adequate oxygenation and reducing the risk of aspir. This makes it particularly
useful in long and complex surgical procedures wipatient immobility is essential.
Furthermore, GA is highly adaptable, making it abi¢ for a wide range of surgical
interventions, including emergency cases.

Despite these advantages, GA also has severalvdisages. Patients may
experience postoperative side effects like naugaajting, sore throat, or shivering.
More serious risks include blood pressure fluctratj arrhythmias, and respiratory
depression. Recovery is typically longer than widgional anesthesia. GA also
requires specialized equipment and skilled anestlogssts, with potential
complications such as airway obstruction, aspinatend rare but severe reactions
like malignant hyperthermia.

The use of an endotracheal tube (ETT) during GAijlenlessential for
maintaining airway patency, can also introducesidkitubation can cause airway
trauma, including vocal cord injury, tracheal damaand laryngeal edema.

Improper positioning of the ETT can lead to aspiratcausing pneumonia. Difficult
intubation increases the risk of hypoxia, while ghications like laryngospasm or
bronchospasm, especially in children, make verditatchallenging. Accidental
extubation or tube displacement can result in ainedstruction or inadequate
ventilation. Repetitive expansion and contractidnatveoli while under general

anaesthesia, contributes to ventilator-induced iapgy (VILI). Studies have shown
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that anesthesia can cause atelectasis, particitatthe dependent lung regions, which
can compromise gas exchange. Prolonged intubatayncause ventilator-associated
pneumonia (VAP), tracheal stenosis, atelectasiQ Wfismatch, and postoperative
hypoxia, all of which highlight the respiratorykssof extended ETT use in GA.
PEEP (peak end expiratory pressure) is frequentilizad during general
anesthesia to enhance breathing and oxygenatidePR FEthe amount of pressure that

is kept in the lungs above atmospheric pressutigeatonclusion of expiratioft

During general anesthesia, the application of PE&Pbeen found to prevent
atelectasis formation and is a fundamental compoménprotective ventilation
strategies. Limiting tidal volumes to 6-8 ml/kg hlasen universally adopted as a
standard practice in operating rooms to minimizeglunjury. The application of
PEEP improves gas exchange, enhances oxygenatioh,reluces the risk of

ventilator-induced lung injury by preventing cyciitveolar collapse and reopenihd.

In recent years, I-gel has garnered consideraldamtadn within the medical
fraternity, especially in the area of anaesthegiplo I-gel is a cutting-edge,
secondgeneration SAD that's being used to manageayipromptly and swiftly
during anaesthesia and resuscitation. I-gel is oweg of a medical-grade
thermoplastic elastomer, it can create an anatémiom-inflated seal around the
pharyngeal, laryngeal, and perilaryngeal structuregich is in contrast to
conventional airway devices that depend on inflatatuffs. This unique feature
minimizes the risk of compression trauma, whick isommon issue associated with

inflatable cuffed devices’
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There has been extensive research which has denaiedsthe advantages Igel
poses in adults. Studies have proven its low carapin rate and effectiveness in
maintaining a seal even when airway pressuresighe The I-gel has been widely
accepted in adult anesthesia practice due to s efause, ability to reduce airway
trauma, and overall effectiveness in securing tiveay.

However, despite its proven benefits in mechanwesattilation, PEEP is not
commonly used in patients undergoing general aassth particularly with a
supraglottic airway device (SAD).

Although there is substantial evidence supportirgguse of I-gel and PEEP in
adult patients, the lack of pediatric-specific ssdimits the generalizability of these
findings to children. Pediatric patients have ueigurway and lung mechanics that
necessitate dedicated research to determine tlety safid effectiveness of I-gel,
particularly when used in conjunction with PEEP.

While the I-gel shows promise in pediatric anesthess effectiveness and
safety in children require further research dueat@mtomical and physiological
differences from adults. The traditional laryngeaask airway (LMA) has been
commonly used in children but has limitations, uttthg airway leakage, upper
airway obstruction, and the risk of gastric disten§*

In light of these factors, our study intended taleate the reliability and
performance of I-gel in pediatric patients, by campg leak volume, leak fraction,
EtCO2, and peak inspiratory pressure, with and auththe application PEEP as
divided in two cohorts. This study seeks to offeeamingful insights capable of
enhancing clinical practices and optimize airwayhaggement techniques for children

receiving general anesthesia.
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AIMSAND OBJECTIVES

Primary Objective:
To compare leak volume & leak fraction,

Secondary Objective:
To compare EtCO2 & peak inspiratory pressure, in pediatric patients receiving
I-gel based general anaesthesia with and without the application of 5cm of

H20 of peak end expiratory pressure.
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Review Of Literature

REVIEW OF LITERATURE

The Review of Literature for this study focusestbe effect of Positive End-
Expiratory Pressure (PEEP) on leak volume durinyasylottic airway device, I-gel,
based general anesthesia in pediatric patients.

Several studies have explored the efficacy of J-gelSAD, in providing a
secure airway and minimal complications. Howeveway leaks remain a concern,
particularly in pediatric anesthesia, due to ddferes in airway anatomy and
compliance.

Existing research highlights that PEEP may helpucedairway leaks by
improving lung compliance and maintaining positi@gway pressure, potentially
leading to better ventilation efficiency. Studiesmparing ventilation with and
without PEEP suggest that applying PEEP may redeal volume and improve
oxygenation, though the optimal level of PEEP remsaebated.

A 2018 study by Kamhawy et &kvaluated the use of the I-gel in 42 pediatric
patients, with half receiving a PEEP of 5 cm H2@e Tesults showed no clinically
significant differences in leak volume or leak fran between the two groups.
However, the PEEP group demonstrated significantjyroved ventilation, including
reduced end-tidal CO2 (EtCO2), higher peak inspiyatpressures (PIP), and
increased inspiratory and expiratory tidal volumeeng with lower partial pressure
of carbon dioxide (PaCO2). These findings suggest the I-gel, particularly with
PEEP, can optimize ventilation in pediatric patserimproving gas exchange and
ventilation efficiency without compromising airwagal. Further research is needed

to explore long-term outcomes and comparisons etter airway devices.
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Maschaet al.'$ 2020 study sought to determine how physiologieakls of
PEEP affected gastric air insufflation and breajiparameters in children undergoing
general anesthesia who were on pressure contnadietlation (PCV) with an LMA.
Excluding respiratory rate (no significant diffecef and EtCO2 (significant drop), all
metrics increased significantly with increasing PEHheir research suggested that
oxygenation with PEEP of 5 cm:8 may be more lung protective in pediatrics using
the SupremeTM LMA, even if stomach air insufflatiomcreased with increasing

PEEP.

Research performed by Paltaibal® in 2018 analyzed respiratory mechanics in
anesthetized healthy children and, found that apgfPEEP of 5 cmkD positions
the respiratory system more favorably on the pressalume (P/V) curve. This
optimal positioning suggests improved lung compl@mnd ventilation efficiency.
Understanding lung mechanics in greater detailpaentially lead to modifications
in traditional ventilatory strategies, thereby reidg the risk of mechanical
ventilation-associated lung injury and improvingeosdl respiratory outcomes in

pediatric anesthesia.

In their case series, Serafiei al* examined the pulmonary morphology of
children who had received general anesthesia foerecranial or abdomen CT scans.
After ventilation with PEEP of 5 cmH20, all of tlabserved densities that were
present in the gravity dependent areas of lungthénpatients disappeared without
influencing HR, BP, hemoglobin concentration, o€82. The study concluded that
denitrogenation and an O2 reabsorption mechanismotaaccount for the onset of
atelectasis in youngsters. A PEEP of 5 cmH20O cah hecruit every alveolar unit

that is accessible and cause atelectasis to go iavapendent lung regions.
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According to a 2014 study by Vargas al®, PEEP helps individuals with
ARDS avoid cyclic opening and collapsing of thelveali, but it may also be
involved in general anesthesia. There are two aspectheir review. The first one
pertains to disease mechanics and their effect®EEP on cerebral perfusion
pressure, hemodynamic pressure, and thoracic pess&oformation aswell as
supporting data regarding PEEP's application iticaficare and general anesthesia
are compiled in the second section. According seaech by Neumanat al and
Tusmanet al?® in 2017, varying PEEP levels and tidal volumesenmked to a

decrease in postoperative atelectasis without taffgoxygenation.

One crucial aspect of supraglottic airway device®riopharyngeal leak (or
seal) pressure. It assesses how beneficial theptgpeoviding intermittent positive
pressure ventilation while under anesthesia. 110B42tudy, Smittet al” compared
the pediatric I-gel and other SAD of comparables diz 14 randomized controlled
trials. I-gel often offers a greater oropharyngésdk pressure and seems to be
comparable to other SAD used in children. Sinceetlh® no cuff to inflate, I-gel has
proved to be easier to install than LMA Classid.btA ProSeal. When larger airway
leak pressures are beneficial, such as in obeseggters or patients undergoing lap
surgeries, i-gel should be taken into considerat®ince high inspiratory pressure is
necessary during positive pressure ventilation bszaf decreased lung compliance
and higher airway resistance, it is advantageousnmploy a supraglottic airway
device with a high oropharyngeal leak pressuresinborns.

According to a 2014 study by Park et’athe i-gel offers adequate airway
sealing; nevertheless, when PIP surpasses i-geli@yaseal pressure without a

gastric tube, stomach insufflation may occur. Imtcast to VCV, PCV offers lower
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PIP, and low PIP may lessen likelihood of abdomdisiension in children receiving
PPV.

Their work was meant to evaluate PIP, oropharyndeak pressure, and
abdominal inflation during VCV or PCV in youth urideing I-gel based GA without
aryle’s tube in placg.

In a 1999 case series, Serafini et* atame to the conclusion that
denitrogenation and an O2 reabsorption mechanisid ecmt account for the onset of
atelectasis in infants. On the other hand, a PEERPonH20 can both recruit every
alveolar unit that is accessible and cause ataliscta go away in dependent lung
areas. This discrepancy between the child's antt's@xperiences may be due to
unique lung physiologies. While the inner elaseturn of the lungs is similar in
children and adolescentghe outward rebound of the chest wall is lesss Tdwers
the functional residual capacity (FRC), and the dowdefinitive value of
subatmospheric intrathoracic pressure increaskofiairway collapse, and alveolar

deflation.

Acosta et af. 2020 study investigated the use of positive ermiratory
pressure (PEEP) to treat anesthesia-induced atsiectn pediatric patients,
demonstrating that even a brief increase in PEE® @instant driving pressure can
effectively open and maintain the lungs. This biREEP application significantly
improved lung mechanics, enhanced ventilation, predented atelectasis, which is
particularly concerning in pediatric patients dwetheir smaller, more compliant
lungs. The study showed that PEEP, a simple arsibleantervention, could prevent
alveolar collapse and improve oxygenation duringsimesia, reducing the risk of
hypoxia and postoperative complications. Theseirigsl suggest that PEEP could be

an effective strategy in pediatric anesthesia tintaen lung function and improve
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patient outcomes, providing a safe and efficiegrapch for managing respiratory
challenges in young patients.

However, a 2011 study by Humphrey al?® found that although PEEP
prevents atelectasis, it did not enhance ventiaiinhomogeneity when used during
mechanical ventilation. The dependent lung recepreferential ventilation before to

induction, whereas the nondependent lung receivettierb ventilation following

induction when PEEP was used.
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Basic Sciences

BASIC SCIENCES

Upper Airway Anatomy
Pharynx

The pharynx is a muscular, funnel-shaped tube Hemves as a critical
structure in both the respiratory and digestivaesys. Extending from the base of the
skull to the level of the sixth cervical vertebvehere it continues as the Esophagus,
the pharynx functions as a shared pathway for botland food. Anatomically, the
pharynx is divided into three distinct regions: thasopharynx, oropharynx, and

laryngopharynx, each serving specialized réfes.

nasopharynx

oropharynx

hypopharynx

Figure 1: Anatomy of Pharynx.
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Nasopharynx

The nasopharynx is the superior portion of the yinarlocated posterior to
the nasal cavity and above the soft palate. Thy@nefunctions primarily as a conduit
for air, ensuring that it passes seamlessly fraemisal cavity to the oropharynx. The
nasopharynx is lined with a ciliated pseudostradifcolumnar epithelium, which is
essential for the filtration and humidification ahhaled air. The cilia beat
rhythmically to transport mucus and trapped patidbwards the oropharynx, where
they can be swallowed, thereby keeping the respyratract clear of debris and
pathogens. Within the nasopharynx, several ana@rstcuctures play vital roles in
maintaining respiratory function and overall healtfihe pharyngeal tonsils,
commonly referred to as adenoids, are masses gihgid tissue situated in the roof
and posterior wall of the nasopharynx. These adisnaie part of the immune system,
providing a first line of defence by trapping anesttoying pathogens that enter the
body through the nasal passages. During childhtioel,adenoids are particularly
active and can sometimes become enlarged, potgnbalstructing airflow and
leading to breathing difficulties or recurrent icfiens3!

Another significant feature of the nasopharynxhis presence of the openings
of the Eustachian tubes, also known as the phatynmgmnic tubes. These tubes
connect the nasopharynx to the middle ear cavifyipg a crucial role in equalizing
air pressure on either side of the tympanic menergeardrum). This pressure
equalization is essential for proper hearing arevg@mtion of barotrauma, which can
occur during activities such as flying or divinghel Eustachian tubes also facilitate
the drainage of mucus from the middle ear intortasopharynx, thereby helping to
prevent middle ear infections (otitis media). Th&usural and functional

characteristics of the nasopharynx make it a afiticomponent of the upper
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respiratory system. It ensures that inhaled aiprizperly conditioned and free of
harmful particles before it progresses to the lovespiratory tract. Furthermore, its
role in immune defence and pressure regulation nsodees its importance in
maintaining overall respiratory health. Understagdithe detailed anatomy and
physiology of the nasopharynx is essential for madprofessionals, particularly
those specializing in otolaryngology and respinatomedicine, as it informs the
diagnosis and treatment of various conditions éfigahe upper airwas?
Oropharynx

The oropharynx is the middle portion of the pharyextending from the soft
palate to the level of the hyoid bone. This anatainregion serves as a crucial
conduit for both air and food, directing air to tleynx and trachea while guiding
food and liquids to the esophagus. The oropharyayspa significant role in the
respiratory and digestive systems, and its anatnfeatures and structures are
essential for various physiological functions. Trepharynx is lined with a stratified
squamous epithelium, which is more resilient to naeical stress and abrasion than
the ciliated pseudostratified columnar epitheliuourfd in the nasopharynx. This
adaptation is crucial because the oropharynx harttiee passage of food and liquids,
which can cause more wear and tear compared tame. The oropharynx begins at
the level of the soft palate and extends inferitolghe level of the hyoid bone, which
is located in the anterior neck just above thenary

The soft palate forms the superior boundary of thmepharynx. During
swallowing, the soft palate elevates to close lvdf masopharynx, preventing food and
liquids from entering the nasal cavity. This actisrtoordinated with the movements
of other muscles in the pharynx and larynx to emdimat swallowed material is

directed properly into the Esophagus. The antdsmundary of the oropharynx is
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formed by the oral cavity, with the isthmus of fhaces acting as the transitional area
between the oral cavity and the oropharynx. Thggore includes the palatoglossal
arches (anterior pillars) and the palatopharyngeahes (posterior pillars). The
palatine tonsils are situated between these ardwuesipying the tonsillar fossae on
either side of the oropharynx. The palatine toresitslarge masses of lymphoid tissue
that play a vital role in the immune response lapping and neutralizing pathogens
that enter through the mouth and nése.

The lateral walls of the oropharynx contain addigiblymphoid tissue known
as the lingual tonsils, located at the base otdhgue. These tonsils, along with the
palatine tonsils and other lymphoid tissues inrdgon (including the adenoids in the
nasopharynx), form Waldeyer's ring, a ring of lymjghtissue that serves as a first
line of defence against ingested or inhaled path®g€&he posterior boundary of the
oropharynx is formed by the pharyngeal wall, whislcomposed of several layers,
including the mucosa, submucosa, pharyngeal myseled the pharyngobasilar
fascia. The pharyngeal muscles, including the sapemmiddle, and inferior
constrictor muscles, play a key role in swallowing contracting sequentially to
propel the bolus of food downward into the esoplsagu

In addition to its roles in the immune response awillowing, the
oropharynx also participates in respiration. Durbrgathing, air passes through the
oropharynx on its way to the larynx and tracheae Pphtency of the oropharyngeal
airway is maintained by the coordinated actionsvafious muscles, including the
muscles of the tongue and the soft palate, whicktvet airway collapse and
obstruction. The oropharynx is richly supplied wittbod from branches of the
external carotid artery, including the ascendingrphgeal artery, the facial artery

(via the tonsillar branch), and the lingual arté¥enous drainage is provided by the
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pharyngeal venous plexus, which drains into theri@l jugular vein. Lymphatic
drainage from the oropharynx primarily involves teep cervical lymph nodes,
which play a key role in the immune response aed:tharance of pathogetfs.
Laryngopharynx (Hypopharynx)

The laryngopharynx, also known as the hypopharigithe inferior segment
of the pharynx. It extends from the hyoid bone le tower border of the cricoid
cartilage, where it continues as the esophagus a@hatomical region serves as a
critical junction for the passage of both air andd, ensuring that air is directed to
the larynx and trachea while food and liquids anéded into the esophagus. The
laryngopharynx plays a vital role in the digestmed respiratory systems, and its

structure is intricately designed to perform thiesetions efficiently.

Anatomical Boundaries

Superior Boundary: The superior boundary of the laryngopharynx ishatlevel of
the hyoid bone, where it transitions from the ormyhx.

Inferior Boundary: The inferior boundary is at the lower border of ttrécoid
cartilage, marking the beginning of the esophagus.

Anterior Boundary: Anteriorly, the laryngopharynx is continuous wittetlaryngeal
inlet, which leads to the larynx. The epiglottis, caucial structure within the
laryngopharynx, is located here.

Posterior Boundary: The posterior wall of the laryngopharynx is formieg the
prevertebral fascia and muscles of the vertebiainco.

Lateral Boundaries: The lateral walls are composed of the pharyngensttciator

muscles and are adjacent to the thyroid cartifage.
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Pharynx
Opened Posterior View
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Figure 2: Opened Posterior View of Pharynx

Lining and Mucosa
The laryngopharynx is lined with stratified squammoepithelium, which

provides resistance to the mechanical stress arasiah caused by the passage of
food and liquids. This epithelium also offers sopwetection against pathogens and
physical damage. The muscular structure of thengwpharynx is composed of the
inferior pharyngeal constrictor muscle, which playskey role in the swallowing
mechanism. This muscle has two parts. (a) Thyroplggal part arises from the
oblique line of the thyroid cartilage and the latesurface of the cricothyroid muscle.
(b) Cricopharyngeal part arises from the laterafeme of the cricoid cartilage. This
part forms the cricopharyngeal muscle or upper lesggal sphincter (UES), which is

essential in preventing air from entering the esgpis during respiration and
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preventing reflux of esophageal contents. Duringllwing, these muscles contract
sequentially to propel the bolus of food downwardoi the esophagus while

protecting the airway®

Muscles of Pharynx
The muscles in the wall of the pharynx consisthaf superior, middle, and inferior

constrictor muscles, whose fibers run in a somewdiaular direction, and the

stylopharyngeus and salpingopharyngeus musclessevfibers run in a somewhat
longitudinal direction. The three constrictor mesclextend around the pharyngeal
wall to be inserted into a fibrous band or raphat textends from the pharyngeal
tubercle on the basilar part of the occipital boh¢he skull down to the esophagus.
The three constrictor muscles overlap each othénatothe middle constrictor lies on
the outside of the lower part of the superior cocistr and the inferior constrictor lies

outside the lower part of the middle constrictor.

The lower part of the inferior constrictor, whichises from the cricoid cartilage, is

called the cricopharyngeus muscle. The fibers of ttricopharyngeus pass
horizontally around the lowest and narrowest pdrtth® pharynx and act as a
sphincter. Killian's dehiscence is the area on gbsterior pharyngeal wall between
the upper propulsive part of the inferior constrcind the lower sphincteric part, the

cricopharyngeu’
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TABLE 1: MUSCLES OF PHARYNX

Muscle Origin Insertion Nerve Supply Action
Superior constrictor Medial pterygoidPharyngeal Pharyngeal plexug Aids soft palate |in
plate, pterygoid tubercle of closing off nasa
hamulus, occipital  bone, pharynx, propels
pterygomandibular raphe  midline bolus downward
ligament, mylohyoid posteriorly
line of mandible
Middle constrictor Lower part of Pharyngeal Pharyngeal plexug  Propels bolus
stylohyoid ligament, raphe downward
lesser and greater
cornu of hyoid bone
Inferior constrictor Lamina of thyroid Pharyngeal Pharyngeal plexug  Propels bolus
cartilage, cricoid| raphe downward
cartilage
Cricopharyngeus Lowest fibers pfPharyngeal Pharyngeal plexug  Sphincter at lower
inferior constrictor raphe end of pharynx
muscle
Stylopharyngeus Styloid process |oPosterior border Glossopharyngeal| Elevates larynx
temporal bone of thyroid | nerve during swallowing
cartilage
Salpingopharyngeus Auditory tube Blends witPharyngeal plexug  Elevates pharynx
palatopharyngeu
s
Palatopharyngeus Palatine aponeurosis Posterior bpRlearyngeal plexug Elevates wall |of
of thyroid pharynx, pulls
cartilage palatopharyngeal
arch medially
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Muscles of Pharynx
Partially Opened Posterior View
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Figure 3: Muscles of Pharynx

Epiglottis

The epiglottis is a leaf-shaped flap of elastiditzage located at the root of the
tongue, anterior to the laryngeal inlet. It senassa critical structure within the
laryngopharynx, functioning as a switch between tlaghea and the esophagus to
direct food and air appropriately. During swallogirthe larynx elevates, and the
epiglottis folds back to cover the glottis, prewegtfood and liquids from entering the
airway. This protective reflex is vital for preverg aspiration and ensuring that

swallowed substances are directed into the esoghagu
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Figure 4: Epiglottis

Recesses
Two important anatomical features of the laryngapha are the piriform
recesses (or fossae). These are depressions lomateither side of the laryngeal
inlet. They serve as pathways that guide food aqdids around the laryngeal
opening and into the esophagus. The piriform resesse clinically significant
because they are common sites where foreign bediedecome lodged, leading to
dysphagia or aspiratiofi.
Innervation and Blood Supply
Sensory Nerve Supply of the Pharyngeal Mucous Membne
e Nasal pharynx: The maxillary nerve (V2)
e Oral pharynx: The glossopharyngeal nerve
e Laryngeal pharynx (around the entrance into the/nbd: The internal
laryngeal branch of the vagus nerve

Blood Supply of the Pharynx
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e Ascending pharyngeal, tonsillar branches of faeiéries, and branches of

maxillary and lingual arteries

Internal
jugular vein

Internal carotid

External artery

carotid artery

Common carotid
artery

Figure 5: Bld&upply of Pharynx

Lymph Drainage of the Pharynx
e Directly into the deep cervical lymph nodes or iedily via the

retropharyngeal or paratracheal nodes into the derfical nodes
Waldeyer’'s Ring of Lymphoid Tissue
The lymphoid tissue that surrounds the opening thi respiratory and digestive
systems forms a ring. The lateral part of the ifprmed by the palatine tonsils and
tubal tonsils (lymphoid tissue around the openihghe auditory tube in the lateral
wall of the nasopharynx). The pharyngeal tonsthi@ roof of the nasopharynx forms
the upper part, and the lingual tonsil on the pomtehird of the tongue forms the

lower part3®
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Adenoid

tonsil

Palatine
tonsil ~

Lingual tonsil

Figure 6: Waldeyer's Ring.

Larynx

The larynx, also known as the voice box, is locatethe anterior neck at the
level of the C3-C6 vertebrae. It connects the piarp the trachea and performs
several critical functions, including airway prdiea, phonation, respiration, and
sphincteric function. This complex structure is gmwed of several cartilages,
muscles, and ligaments, each contributing to mstionality.
Functions of the Larynx
Airway Protection

The primary function of the larynx is to prevenpiaation of food and liquids
into the lower respiratory tract. The epiglottideaf-shaped flap of cartilage, plays a
vital role in this protective function by coveririge glottis during swallowing. This
mechanism ensures that ingested materials aretetiréowards the esophagus rather

than the trachea.
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Phonation

The larynx houses the vocal cords (vocal folds)ictvlare essential for sound
production. The vibration of the vocal cords, meded by the intrinsic laryngeal
muscles, produces voice. The tension and lengtheo¥ocal cords can be adjusted to
change the pitch and volume of the sound produced.
Respiration

The larynx allows the passage of air into the teacand lungs. The glottis, the
opening between the vocal cords, regulates airffioming breathing. The intrinsic
muscles of the larynx adjust the size of the gdotth control the flow of air,
facilitating both quiet breathing and forced reapaon.
Sphincteric Function

The laryngeal muscles close the glottis duringvéas such as coughing,
sneezing, and the Valsalva maneuver, which incsegea-abdominal pressure. This
closure is essential for protecting the lower aysvand for functions that require a

build-up of thoracic pressure.

Anatomical Components of the Larynx
Cartilages

Thyroid Cartilage

The largest laryngeal cartilage, known for its pmoent anterior projection
(Adam’s apple). It consists of two laminae that tmieethe midline anteriorly and
form the laryngeal prominence.
Cricoid Cartilage

The only complete ring of cartilage in the resmrgt tract, providing

structural support. It lies below the thyroid dagie and above the trachea.
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Arytenoid Cartilages

Paired cartilages that sit on the superior bordehe cricoid cartilage. They
anchor the vocal cords and are pivotal in vocatlcoovement.
Epiglottis

A leaf-shaped cartilage that projects upwards lktie tongue and the hyoid
bone. Its primary function is to cover the glotiigring swallowing, preventing food

from entering the larynx.

Muscles
Intrinsic Muscles
These muscles control the tension and positioh@¥bcal cords and include:
e Thyroarytenoid Muscles: Adjust tension and lendtthe vocal cords.
e Cricothyroid Muscles: Tense the vocal cords byntijtthe thyroid cartilage
forward.
e Posterior Cricoarytenoid Muscles: Abduct (open)ubeal cords.
e Lateral Cricoarytenoid Muscles: Adduct (close) voeal cords.
e Transverse and Oblique Arytenoid Muscles: Closepibsterior part of the
glottis.
Extrinsic Muscles
These muscles connect the larynx to surroundingctstres and assist in its
movement. They include:
e Sternothyroid Muscles: Depress the larynx.
e Thyrohyoid Muscles: Elevate the larynx.

e Inferior Constrictor Muscles of the Pharynx: Assisswallowing.
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Ligaments and Membranes

Thyrohyoid Membrane: Connects the thyroid cartilamthe hyoid bone.
Cricotracheal Ligament: Connects the cricoid cagil to the first tracheal
ring.

Hyoepiglottic Ligament: Connects the epiglottighe hyoid bone.
Quadrangular Membrane: Forms the framework of tigemglottic folds and
the vestibular folds (false vocal cords).

Cricovocal Ligament (Conus Elasticus): Forms theakdigaments (true vocal
cords) and extends from the cricoid cartilage te Wocal processes of the

arytenoids.

Vascular and Neural Supply

Blood Supply: The larynx receives blood from thepexior and inferior
thyroid arteries. The superior thyroid artery asi$eom the external carotid
artery, while the inferior thyroid artery originat&éom the thyrocervical trunk.
Venous Drainage: The venous blood is drained wastiperior and inferior
thyroid veins, which empty into the internal jugularein and the
brachiocephalic veins, respectively.
Lymphatic Drainage: Lymphatic vessels drain inte theep cervical lymph
nodes. The vocal cords lack lymphatic drainagan@as a barrier between
the supraglottic and infraglottic regions.
Nerve Supply: The larynx is innervated by branabfehe vagus nerve:

o Superior Laryngeal Nerve: Divides into the interteyngeal nerve

(sensory to the mucosa above the vocal cords) hedekternal

laryngeal nerve (motor to the cricothyroid muscle).
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o Recurrent Laryngeal Nerve: Provides motor inneoratd all intrinsic
muscles of the larynx except the cricothyroid mes@nd sensory

innervation below the vocal cords.

Epiglottis Hyoid Bone \
[ ) ——HvoidBone z Epiglottis y- —{7 / :;.'f';ryi:i:m
‘ / \ Cartilage
/ Thyrobyeld 14 = Thyrohyoid Membrane o<
= R Thyroid Cartilage \ \
I.aryngeal Prominence
'\’l R nllage ™~ icul Fold l /Comituh(e
yroid Ca -\ 37— Vocal Fold —_— Cartilage
2 local Fol ‘\//__
& Cricothyroid ngamcnt \\ | (I TN 7 —*Arytenoid Cartilage
M/ ’\ A> Cricothyroid Ligament \\‘ ::ttiel::ied
————————Cricoid Cartilage ‘——L— Cricoid Cartilage e—— |1
E e heal Cricotracheal Ligament e——T7
::: ———=— _eTracheal Cartilage e——% Tracheal Cartilages o/% ‘
LY (
ANTERIOR VIEW POSTERIOR VIEW CROSS SECTION
Figure 7: Anatomical Components of Larynx
Trachea

The trachea, commonly known as the windpipe, isuaial component of the
respiratory system. It is a tubular structure #hdends from the larynx to the primary
bronchi, playing a vital role in conducting airttee lungs. The trachea begins at the
level of the sixth cervical vertebra and desceralshe level of the fifth thoracic
vertebra, where it bifurcates into the right arftineain bronchi.

Structure

The trachea is approximately 10-12 cm in length @maolut 2 cm in diameter. It is
composed of a series of 16-20 C-shaped cartilagimowgs that provide structural
support and maintain airway patency. These ringsnaade of hyaline cartilage and
are open posteriorly, allowing for flexibility aride passage of the esophagus behind

it.
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e Cartilaginous Rings: These rings are crucial forintaning the shape and
rigidity of the trachea, preventing collapse duringalation. The open ends of
the rings are connected by the trachealis musddibroelastic tissue.

e Trachealis Muscle: The posterior part of the tracl® not supported by
cartilage but by a membranous wall consisting ef tilachealis muscle. This
smooth muscle allows for flexibility and expansioh the trachea during
swallowing and contributes to the regulation ohay diameter.

e Mucosal Lining: The inner lining of the trachea demposed of ciliated
pseudostratified columnar epithelium. Intersperaetbng the epithelial cells
are goblet cells that secrete mucus. This mucys tast, bacteria, and other
foreign particles?

Function
The trachea performs several critical functionthmrespiratory system:

e Air Conduction: The primary function of the trachedo conduct air from the
larynx to the bronchi and subsequently to the lufids pathway is essential
for efficient gas exchange.

e Structural Support: The C-shaped cartilaginous sripday a vital role in
preventing the trachea from collapsing during tkgative pressure phase of
inhalation. This structural integrity is cruciak fimaintaining an open airway.

e Mucociliary Clearance: The mucosal lining of thactiea, with its ciliated
epithelium and goblet cells, plays a significarierm trapping and expelling
foreign particles. The coordinated movement ofacfiropels mucus, along
with trapped particles, upwards towards the pharywkere it can be

swallowed or expectorated.
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Physiological Mechanisms
The trachea is involved in several physiologicakchaisms that ensure the proper

functioning of the respiratory system:

Ciliary Action: The cilia in the tracheal lining dkin a coordinated manner,
creating a mucus current that moves trapped pesticpward toward the
pharynx. This ciliary movement is essential foracieg the airway of debris
and pathogens, thereby protecting the lower respyrdract from infections
and blockages.

Trachealis Muscle Function: The trachealis musdéyp a crucial role in
adjusting the diameter of the trachea. During quetathing, the muscle
remains relaxed, allowing the trachea to maintam standard diameter.
However, during activities such as coughing or zimeg the trachealis muscle
contracts, narrowing the tracheal lumen and inangabe velocity of expelled
air. This mechanism facilitates the expulsion atants and foreign particles
from the respiratory tract.

Regulation of Airflow: The ability of the trachea &xpand and contract helps
in regulating airflow to the lungs. The flexibilitgrovided by the trachealis
muscle and the elasticity of the fibroelastic tssnsures that the trachea can

accommodate varying volumes of air during diffengimases of respiratidi.
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Figure 8: Anatomy of Trachea, Bronchand Bronchioles.

PEDIATRIC AIRWAY

The airway extends from the external nares to thetjon of the larynx with
the trachea. It includes the nose, the paranasabes, the pharynx and the larynx.
Functions of the airway include phonation, olfagti@ligestion, humidification and
warming of inspired air. The pediatric airway difefrom the adult airway
particularly in infancy, with differences becomimguch less marked as the child

grows older.

Anatomy

The skull develops from a membranous and carti@gmeurocranium. The
membranous neurocranium gives rise to the flat #afd¢he skull (the cranial vault)
and the cartilaginous neurocranium (chondrocranidonins the skull base. The
shaping of the skull base is a dynamic process i@ reciprocal influences

between the cranial base, the pharynx, the facatengalate. In the fetus, the rapid
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growth of the brain leads to a predominance of aleinfluences; whilst in the
neonate and young child, nasal influences play @ommle. Later, because of
changing nutri- tional requirements and the devalept of speech, the pharynx also
influences the development of the skull base. Cailchave a proportionally larger
head and occiput relative to body size. This cansek flexion, leading to potential
airway obstruction when lying supine.

Nose

The nose originates in the cranial ectoderm antbisposed of the external
nose and the nasal cavity. The external nose i®mpdf the nasal bones, the nasal
part of the frontal bones and the frontal procesé¢le maxillae. The nasal cavity is
subdi- vided by the nasal septum into two separaie- partments that open to the
exterior via the nares and into the nasopharynthgachoanae or posterior

nasal apertures. Immediately within the nares lies vestibule, which
contains an area of arterial anastomosis knownitle’s area. Epistaxis commonly
occurs from this zone. The sensory innervation tef hasal mucosa is via the
maxillary division of the trigeminal nerve.

During development, the nasal cavities extend urnberinfluence of the
posteriorly directed fusion of the palatal process&@hese changes cause the
membrane that separates the palatal processes tfrenoral cavity to become
progressively thinner and eventually rupture tarfahe choanae or posterior nasal
apertures. Failure of this membrane to ruptureli®guchoanal atresia. In a child, the
nose is soft and distensible, with relatively momecosa and lymphoid tissue than in
the adult. Deviation of the nasal septum occumllimges of children and may be the
result of nasal injury or irregular developmenttioé nasomaxillary complex. Racial

differences in the dimensions of the nasal cavéyehalso been described.
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Each side of the nose has a roof, a floor, a medidiland a lateral wall. The
roof slopes upwards and backwards to form the bridfjthe nose, with the floor
being concave from side to side. The medial wathe nasal septum and the lateral
wall has a bony framework which includes three Idilee conchae or turbinate
bones. The major nasal air passage lies beneathfén®r turbinate, and during nasal
intubation the endotracheal tube should be encedrégfollow this route by passing
it directly backwards along the floor of the no3ée posterior end of the inferior
turbinate may occasion- ally be hypertrophied, ltggpin resistance to the passage of
the tube.

Nasal breathing increases the resistance to aww fin children, the smaller
nasal apertures are easily obstructed by secretemtesna or blood. As infants are
obligate nasal breathers, such conditions may aseréhe work of breathing, and
similarly contribute to difficulties with managentenf the airway under general
anesthesia.

Pharynx

The pharynx forms the common upper pathway of tespiratory and

alimentary tracts. It is in free communication wilie nasal cavity, the mouth and the

larynx, forming the nasopharynx, oropharynx angiigopharynx, respectively.

Nasopharynx

The nasopharynx lies behind the nasal cavity amalealthe soft palate. It
communicates with the oropharynx via the pharyngetimus, which becomes
closed off during the act of swallowing. Its serysomervation is derived from the
trigem- inal nerve and the glossopharyngeal nebuging development, the depth of

the nasopharynx increases as a result of remogedfithe palate as well as changes
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in angulation of the skull base, eventually prodgcan enlarged nasal airway in the
adult. The pharyngeal opening of the pharyngotyrgpg@tustachian) tube lies on the
lateral wall of the nasopharynx. The nasopharyngeails (adenoids) lie on the roof
and posterior wall of the nasopharynx in childrafthough these atrophy with age,
enlargement in early childhood may obstruct breathithrough the nose.
Nasopharyngeal tonsils may also become dislodgemhglunstrumentation of the

nose.

Oropharynx

The oropharynx extends from the soft palate totifheof the epiglottis. It is
attached anteriorly to the base of the tongue Miagiossoepiglottic folds. Between
these folds lie the valleculae. The sensory innemeaof the oropharynx is derived
from the glossopharyngeal nerve and the superigmdgal branch of the vagus
nerve, which transmits afferent impulses from theseb of the tongue and the
valleculae. The reflex circulatory responses toedtirlaryngoscopy and tracheal
intubation result largely from stimulation of thbgrsyngeal wall by the laryngoscope
blade. A smaller additional response is producedhieypassage of an endotracheal
tube through the vocal cords.

At the entrance to the oropharynx is a collectibtymphoid tissue known as
Waldeyer’s ring. This consists of the lingual toresi the base of the tongue and
bilateral palatine tonsils. The nasopharyngeal tabadl tonsils also form part of this
ring. Inflammation of these lymphoid tissues maystalict breathing efforts in
conscious patients and may make laryngoscopy diffiiecause of an increase in size
of the tissue or associated masseter spasm. Gemderethnic variations in the

dimensions of the oropharynx have been demonstratgdther with a relationship
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between oropharyngeal dimensions and sleep disatddareathing. Tonsillar
asymmetry has been reported to occur in the abssmnpaghology in some children.

The relatively large tongue decreases the sizkeobtal cavity in children and
more easily obstructs the airway. Decreased museadle also contributes to passive
obstruction of the airway by the tongue. In infalyisg supine, the tongue tends to
flatten out against the soft palate in inspiratéod may remain in the same position
for the passive expiration through the nose. Extensof the head at the
atlantooccipital joint, with anterior displacemeftthe cervical spine, may result in
improved hypopharyngeal airway patency but does metessarily change the
position of the tongue.
Laryngopharynx

The laryngopharynx extends from the tip of the kgits to the lower border
of the cricoid cartilage. The larynx bulges badoithe center of the laryngopharynx,
leaving a recess on either side, known as theopmiffossa. This is a common site for
impaction of swallowed sharp foreign bodies.
Larynx

The larynx is situated between the pharynx andh&agcextending from the
base of the tongue to the cricoid cartilage. thesorgan of phonation and protects the
tracheobronchial tree during swallowing and coughiifthe development of the
respiratory system begins at approximately 3 weakgestational age, with the
formation of the laryngotracheal tube from the vanivall of the foregut. A definite
larynx can usually be identified by 41 days gestatiThe cricoid and thyroid
cartilages begin chondrification at about 7 weekgeastation. The primitive glottis is
formed at 10 weeks gestation when the true voaalscsplit. Failure of this pro- cess

results in a congenital laryngeal web, or in sorases, congenital atresia of the
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larynx. Incomplete division of the embryonic forédgnto the anteriorly positioned
trachea and the posteriorly positioned esophagssltsein tracheo-oesophageal
fistula.

The larynx consists of the thyroid cartilage, thieaid cartilage, the paired
arytenoids and the epiglottis, together with theakngorniculate and cuneiform
cartilages. These form a framework of articulaticgytilages linked together by
ligaments, which move in relation to each otherthg action of the laryngeal
muscles. The largest of these cartilages is theoithycartilage, which is open
posteriorly and forms the laryngeal prominence (Atkaapple) anteriorly. Beneath
the thyroid cartilage is the cricoid cartilage,thre shape of a signet ring with the
widest portion lying posteriorly. This is the ordgmplete cartilage ring found in the
respiratory tract. At birth, the lower border otthricoid cartilage lies opposite the
lower border of the fourth cervical vertebra. Ay&ars of age it is at the level of the
fifth cervical vertebra and in the adult it liesthe level of the sixth cervical vertebra.
Because of the small size of the cricoid cartilagehildren, and the fact that it is a
complete ring, the presence of mucosal edema sitstté will severely compromise
the airway. Young children are also at risk of aceph subglottic stenosis when

exposed to prolonged or repeated tracheal intutatio

The paired arytenoid cartilages articulate at tbstgrosuperior aspect of the
cricoid cartilage. Each arytenoid has an anterioc@ss, the vocal process, to which
the vocal ligament is attached. At the apex of eagytenoid lies a triangular
corniculate cartilage, attached by a perichondridihe vestibular folds, or false
cords, are created by the mucosa that covers yreattytenoid muscles. The true
vocal cords are the vocal folds covered by mucBsdlex adduction of the true and

false cords is known as laryngospasm and may résuit local stimulation of the
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larynx, or from surgical stimulation in the absenak adequate anesthesia. The

cricothyroid membrane is a tough, elastic connectissue sheet that spans the joint

between the inferior process of the thyroid cagtlaand the cricoid cartilage.

Puncture or incision of this membrane allows theation of a surgical airway when

acute airway obstruction occurs at or above thalar
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—cartilage <" L
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(b) Infant

Figure 9: Configuration of larynx in adult and infant

The epiglottis is a leaf-shaped structure attadbatie posterior border of the

thyroid cartilage by the thyroepiglottic ligamefrn.the adult, the epiglottis is broad,

with its axis parallel to that of the trachea. Tdmglottis in the infant is narrower,

softer and more horizontally positioned than in #ueilt. The straight laryngoscope

blade facilitates lifting of the epiglottis and therefore useful during tracheal

intubation in younger children. At laryngoscopye tpiglottis in the neonate appears

more deeply furrowed at its free end, and in sorabids, it has a V-shaped

appearance. By the age of 4 or 5 years, the epglstusually firm enough to allow
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visualization of the vocal cords using a curved/lgoscope blade. The cuneiform

cartilages lie anterior to the corniculate cartdagin the aryepiglottic folds.

The more superior location of the larynx in childnmay create difficulty in
visualizing laryngeal structures because of theemamute angulation between the
base of the tongue and the laryngeal opening. Dulamyngoscopy, a neck or
shoulder roll will relieve the hyperflexion of tlefant’'s neck caused by the relatively

large occiput.

The nerve supply to the larynx is from the vagus/@evia its superior and
recurrent laryngeal branches. The superior laryingeeve gives rise to an internal
laryngeal branch which runs beneath the mucosahef piriform fossa. In this
position, it is easily blocked by the topical applion of a local anesthetic agent to
provide anesthesia for laryngoscopy and bronchgscbpe laryngeal inlet and the
inferior surface of the epiglottis are innervateg the vagus nerve. When the
epiglottis is lifted with a straight laryngoscoptade, bradycardia and hypotension
may occur as a result of a vagal reflex. When aexiblade is used, the tip is placed
in the angle between the epiglottis and the basth@ftongue. This theoretically
reduces the risk of brady- cardia because the mumnface of the epiglottis and the
valleculae are innervated by the glossopharyngeaten Damage to the recurrent
laryngeal nerve results in paralysis of the comesing vocal cord, causing it to lie
motionless in the midline and at a lower level ththe opposite side. Bilateral
paralysis results in complete loss of vocal powére two paralyzed cords may then
flap together to cause a valve-like obstructionirdyinspiration, producing dyspnea

and inspiratory stidor.
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The pediatric airway is highly compliant and thertit@ginous support is less
developed than in the adult airway. This leadstweéased susceptibility to dynamic
airway collapse in the presence of airway obstonctStudies have demonstrated that
air- way obstruction during general anesthesielated to a reduction in laryngeal
muscle tone. Loss of muscle tone in the pharyngdda airway obstruction at the
level of the soft palate and epiglottis. Laryngoacéd is a congenital abnormality of
the larynx and results from the laryngeal struguseing more pliable and less rigid

than in the adult?

SUPRAGLOTIC AIRWAY DEVICES (SAD)

Supraglottic airways (SGAs) are a category of ayrwiavices that can be
inserted into the pharynx to facilitate ventilatiawxygenation, and the delivery of
anaesthetic gases, all without the necessity obtemcheal intubation. Dr. Charlie
Brain first invented the inflatable cuffed laryngjeaask in the early 1980s and, since
then, many relatively new SADs have been describe@dnaesthesia, these devices
serve multiple purposes, including as the primagthaod for airway management, as
a backup option for ventilation when facemask \atitin proves challenging, and as
a means for facilitating endotracheal intubation. énhance positive-pressure

ventilation (PPV) and decrease the risk of asmmati

Supraglottic airway devices (SADs) are tools engiad to ensure
unobstructed ventilation by keeping the upper ajrvadear. These devices are
alternatively referred to as supraglottic airwags,well as extraglottic or periglottic

airway devices.
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SADs can be grouped according to two primary ddtemlhe first is the
presence or absence of an inflatable cuff. Dewaéisout cuffs may reduce the risk
of complications related to cuff inflation but cdukad to increased chances of leaks
and malfunction. Another commonly used classif@masystem distinguishes between
first- generation and second-generation SADs. fgesieration devices are basic
airway tubes lacking specific design elements aimegreventing the aspiration of
gastric contents. Conversely, second-generation sShborporate specific features

designed?®

STRUCTURE OF I-GEL

The I-GEL, developed by Intersurgical Ltd in Wofivam, U.K., is an
advanced supraglottic airway device characterizeistunique design and materials.
I-Gel is a supraglottic airway device designedrovile a secure and effective means
of airway management in anesthesia and emergeh@tiens. Its design eliminates
the need for an inflatable cuff, relying instead ittnanatomical shape and soft gel-
like material to achieve an effective seal.
Non-Inflatable Cuff

The cuff is made of a soft, gel-like thermoplagtiastomer, which is designed
to conform to the anatomy of the pharynx and laryihis material provides a secure
seal without the need for inflation. The cuff isatsmically shaped to fit the contours
of the perilaryngeal structures, creating a snugrbund the glottis opening.
Airway Tube

The airway tube is wide and rigid enough to prevenking, ensuring a clear
passage for ventilation. The dimensions of the twdrg according to the size of the I-
Gel, which is available in different sizes to acecootdate patients from neonates to

large adults. The epiglottic rest is a small, rdigdge at the proximal end of the I-Gel
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that helps to lift the epiglottis away from the i, ensuring that the airway remains
open.
Integral Bite Block

An integral bite block is incorporated into thevaay tube to prevent occlusion
of the airway by the patient’s teeth. This feataresures continuous airflow even if
the patient bites down on the device.
Gastric Channel

The I-Gel includes a gastric channel that runsljgdri@ the airway tube. This
channel allows for the insertion of a gastric tupeviding a means to decompress
the stomach and reduce the risk of aspiration. @astric channel facilitates the
venting of gas and drainage of gastric contentfiaecing patient safety during
anesthesia.
Proximal End

The proximal end of the I-Gel is equipped with anstard 15mm connector
that allows it to be attached to various breathspstems and ventilation devices. The
connector is color-coded to indicate the size ef HGel, making it easy to identify
and select the appropriate device for each patient.
Distal Tip

The distal tip is rounded and soft to minimize tiek of trauma during
insertion. It is designed to sit just above thepbsgeal opening, helping to direct air
into the trachea while reducing the risk of asporat The drain tube provides an
additional channel for fluid drainage, further rethg the risk of aspiration and

ensuring that the airway remains clé&r.
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I-gel tube . — \\

Figure 10: - I- Gel and its insertion

Mechanism of I-Gel Insertion

The 1-Gel is anatomically designed to fit snuglyeouwhe laryngeal inlet,
creating an effective seal without the need foirdiatable cuff. Its key features that
enable this conformation include;

Non-Inflatable Cuff:

Made of a soft, gel-like thermoplastic elastomée tuff conforms to the
perilaryngeal structures, including the base ofttdmgue, the piriform fossae, and the
arytenoids. The gel material adapts to the anat@neentours, providing a seal that
minimizes air leakage and reduces the risk of te@um
Epiglottic Rest

Positioned at the proximal end of the I-Gel, thegleptic rest helps lift the
epiglottis away from the glottis, ensuring that theéway remains open and

unobstructed.
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Gastric Channel

The integrated gastric channel runs parallel todineay tube, allowing for
the insertion of a gastric tube to decompress tbemach and reduce the risk of
aspiration. The I-Gel's design allows it to fit geddy around the laryngeal inlet, with
the distal tip sitting just above the esophage&nam. This positioning ensures that
air is directed into the trachea while minimizingetrisk of regurgitation and
aspiration.

A thorough pre-insertion assessment is essentialidentify potential
difficulties in airway management. This includescking for anatomical variations,
obstructions, or conditions that may affect theeitisn of the I-Gel. Proper
preparation involves selecting the appropriate sizé-Gel based on the patient’s
weight and lubricating the back, sides, and frohtthe cuff to facilitate smooth
insertion. During insertion, the patient's head wdtobe positioned in a sniffing
position (neck flexed, head extended) to align oh&, pharyngeal, and laryngeal
axes. The I-Gel should be held at the proximal emduring the distal tip is oriented
correctly, and gently inserted into the mouth,daling the curvature of the airway
until resistance is felt, indicating proper seatowgr the laryngeal inlet. Verification
of correct placement includes assessing bilatdmaktcrise, auscultating for breath
sounds, and using capnography to ensure effectémélation. Securing the I-Gel in
place prevents displacement during the procedurenti@ious post-insertion
monitoring is crucial to detect signs of airway wbetion, inadequate ventilation, or
device displacement, and to ensure the gastricnehi@aemains patent if uséd.

I-gel is available in seven sizes, with three admd four pediatric sizes in

range, ideal for use with patient weights betwe@®2 kgs*
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Figure 11: - I-gel of different sizes

Size Recommendation

Size 5

Size 4

Size 3

Size 2.5

Size 2.0

Size 1.5

Size 1.0

90+ kg

50-90 kg

30-60 kg

25-35 kg

10-25 kg

5-12 kg

2-5 kg

Basic Sciences

Weight Range
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POSITIVE END EXPIRATORY PRESSURE

Positive end-expiratory pressure (PEEP) has beed dsiring mechanical
ventilation for decades, and it was first describgdAshbaugh and colleagues when
they noted the benefits of PEEP in patients withtecespiratory distress syndrome

(ARDS)

PEEP ensures that the pressure in the alveoli ghehithan atmospheric
pressure, and this creates a positive baselinsymeesPEEP can be further defined as
extrinsic or intrinsic. This review will focus orxtinsic PEEP, which is a ventilator
setting that is controlled by the operator. Iniicn®PEEP, or auto-PEEP, is most
commonly associated with inadequate expiratory gingellapse of small airways, or
increased airway resistance. This may be due tomall sendotracheal tube,

bronchospasm, or accumulation of secretions

Functional residual capacity (FRC) is the volumaiofremaining in the lungs
after a normal expiration and is an important oxygeserve that allows for continued
gas exchange. Reduced FRC results in less alvienision pulling airways open, and
subsequently, airway narrowing or collapse andeased airway resistance. FRC is
decreased by many factors important to mechanicadhtilated patients including
lung compliance, patient position, and anesthesig& Mechanically ventilated
patients with pulmonary disease, including ARDS,Il wiave decreased lung
compliance which contributes to a decrease in FR@ditionally, mechanically

ventilated patients are maintained in a supinetjposhich

also decrease FRC. Finally, anesthetic drugs atfatises decrease the tone of

respiratory muscles, further contributing to a éase in FRC.
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The primary goals of PEEP are to restore FRC thHro(g) recruitment of
alveoli, which decreases intrapulmonary shuntinggd ) prevention of alveolar
collapse, which may occur due to surfactant impantnincreased lung weight, and
chest wall recoil. Clinically, the goal is to impe arterial oxygenation. When PEEP
is applied, the end expiratory lung volume (EELWgreases, which is predominately
due to the recruitment of collapsed alveoli. Anr@ased EELV leads to decreased

lung strain and improved compliance, ultimatelytcduting to a decrease in DP.

Through these mechanisms, PEEP improves arterigjemation and may
reduce the risk of ventilator-induced lung injutyIl{l) by reducing atelectrauma
resulting from the cyclic opening and closing ofedlli, preventing alveolar flooding,
and reducing lung heterogeneity. Alveolar recruitinalso reduces lung strain and
improves lung compliance in both humans and dogs.alstudy of healthy,
mechanically ventilated dogs, the addition of 5mmPgEP improved compliance
and decreased DP. In addition, PEEP reduced glabdlregional dynamic lung
strain, but it also increased static strain. Dyrmahlang strain has been shown to be
more injurious than static lung strain, so the tddiof PEEP may be considered

beneficial based on researth.
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MATERIALS AND METHODS

The present study titledTd compare leak volume with and without the
application of positive end- expiratory pressure wh I-gel based general anaesthesia in

pediatric patients - a one year randomised controfrial” was conducted at KLE’s Dr.
Prabhakar Kore Hospital and Medical Research CeN&bru Nahar, Belagauvi.
Type of study. One year randomized control trial.
Duration of study and study populationt After having met the inclusion and
exclusion criteria, and informed consent obtaingediatric patients aged two to
twelve years of either gender, belonging to ASAdgraor I, scheduled for surgery
under GA between March 2023 and February 2024 &'KIDr. Prabhakar Kore
Hospital and Medical Research
Centre, Nehru Nagar, Belagavi. (Data Collectionvidhths)
Sampling technique: A one year randomized control trial. Unbiased ritistion
was achieved by computer generated randomized. chart
Inclusion Criteria

+ Age :2-12 years

« ASA-I,II

» Elective surgeries
Exclusion Criteria

« Airway deformities

» Risk of aspiration

» Preoperative sore throat or URTI
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Sample Size Calculation
The minimum sample size formula based on two pitogs is
_ (24 +23)*p(1-p)
&
pwhere pl and 2 are the proportions of the
two groups
p=pl+p2 and d=pl-p2
za is linked with the level of significance anfl is linked with the power of the test.
For 5% level of the significancerz 1.96 and = 0.84 for 80% power of the test.
Ref: “A comparison of supraglottic airway I-gel gkssic laryngeal mask airway in
small children by author Ju-Hyun Lee.”
The parameter considered in the calculation wasatlveuccess rates in the two
groups.
With proportion of success, pl = 81% and P2 = 1@0&csample size obtained was
32.
Sample size was calculated with 95% confidencevatewith 90% power.
For more definitive outcomes, the sample size w&®d to 35

Hence, resulted in two cohorts with total size of 70.
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METHODOLOGY

After obtaining institutional ethical committee atance, and registration in
Clinical Trials Registry of India (CTRI/2024/07/001R2), children aged between 2
and 12 who were posted for elective procedures doder general anesthesia were
included in the study with their informed consent.

After having met the inclusion and exclusion cidera thorough pre
anaesthetic evaluation was done on the day beftogery and patients were advised
for adequate hours of nil per mouth as per the ABilelines.

After confirming nil-by-mouth status, children wepgemedicated with In;.
Glycopyrolate 0.004mg/kg body weight & Inj. Ketamib mg/kg body weight IM to
overcome parental separation anxiety.

Patients were then shifted inside the operatingnioiatravenous access was
secured, and standard monitoring devices werehatthavhich included NIBP, HR,
ECG, and Sp®

Pre- oxygenation for 3 mins was done with paediatfbsed circuit using
appropriate flow with head resting on a head rilugaesthesia was induced with In;.
Propofol 2mg/kg body weight & Inj. Fentanyl 2mcg/kgpdy weight 1V, with
Isoflurane in incremental doses.

After obtaining adequate depth of anaesthesial bfyappropriate size as per
manufacturer recommendation was inserted, fixed apdnected to pressure
controlled mode (PCV mode).

The patients were then divided into two groups—
Group A: PEEP of 5cm of H20 applied to PCV,
Group B: no PEEP was applied to PCV

The patients were monitored throughout the promedu
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The following parameters were assessed

1.

2.

5.

6.

Inspiratory tidal volume
Expiratory tidal volume
Leak volume

Leak fraction

End tidal CO2

Peak inspiratory pressure

During different time intervalsleak in both cohorts was observed by

calculating leak volume, and from the measurediiagpy and expiratory volumes,

leak fraction was calculated. Leak volume is deafiress the difference between

inspiratory and expiratory tidal volumes, and légdction is calculated by dividing

the leak volume by total inspiratory tidal volumeEtCO2 and peak inspiratory

pressure were also noted.

Vitals were noted and recorded.

At the end of the procedure, I-gel was removed aitiequate verbal response,

and patients were shifted to recovery for post-@mitoring.
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Data analysis table:

Inspiratory tidal volume (ml)

Expiratory tidal volume (ml)

Leak volume

Leak fraction

End tidal CO2 (mmHQ)

Peak inspiratory pressure
(PIP) cm H20

5 min
30 min
1h

5 min
30 min
1h

5 min
30 min
1h

5 min
30 min
1h

5 min
30 min
1h

5 min

30 min

1h

With
PEEP

Materialsand Me&thods

Without PEEP
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Statistical analysis:

This study was focused on comparison of two grodjus. the continuous
quantitative variables, mean and standard deviatiere calculated. The inter group
sequential variables were compared using suitadaks tof statistics like unpaired
student’s t test. Two quantitative variables, witld group, were compared using
student’s paired t test.

The categorical data were expressed in terms e§ raatios and percentages.
The association between the outcome, clinical ardatjraphic characteristics were
tested using Chi-square test or Fisher’s exact test
Discrete variables were represented by median.

Nonparametric tests were used for correlating discvariables.
Appropriate graphs were used to depict the comparis

For all the tests the value of p less than 5% (0aEs considered significant.
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RESULTS

This study entitled “to compare leak volume withdamithout the application
of positive end- expiratory pressure with I-gel édgeneral anaesthesia in pediatric
patients” was conducted in KLE's Dr. Prabhakar Kdfespital and Medical
Research Centre, Belagavi, India. Patients wengetivinto two groups, and all data
was collected & entered into Microsoft excel shestording to their parameters in
their respective groups. Tabulation of the resastper the respective

parameters/variables of the study was statisticaiblysed using SPSS 22.

The autonomous Student "t" test was used to eteatha mean values of the
two cohorts as an intergroup comparison. Comparegfamean values at more than

two repeated intervals was analyzed using repesli€aVA test.

TABLE 1: MEAN AGE OF STUDY SUBJECTS IN EITHER GROWGP

Group A Group B

MEAN AGE P-VALUE
(n=35) (n=35)

MEAN + SD 7.23+4.00 8.28+3.78 0.129834

The t-value is -1.13667. The p-value is .129834. The result is not significant at
p <.05.
The Mean £ S.D age of study subjects in Group B &as 7.23 +4.0 & 8.28 =

3.78 years respectively, which was found to bessieally significant. (p<0.05)
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MEAN AGE OF STUDY SUBJECTS

u Group A (n = 35)

u Group B (n =35)

TABLE 2: INSPIRATORY VOLUME

TIME Group A Group B
P-VALUE
INTERVALS (n=35) (n=35)
5MINS 162.8 + 86.20 160.57 + 84.57 0.456692
30 MINS 162.91 + 86.08 160.45 + 84.53 0.452225
60 MINS 162.89 = 86.09 160.54 + 84.56 0.454448
P-VALUE 0.511 0.373224

Significant if p < .05

The mean inspiratory volume in group A at 5, 30@&n8ins time interval was

162.8, 162.91 & 162.89, which was statisticallyigmgicant. (p<0.05)

Page 51



Reaults
The mean inspiratory volume in group B at 5, 36@&mins time interval was

160.57, 160.45 & 160.54, which was statisticallsigmificant. (p<0.05)

The mean inspiratory volume in between group A &itB5, 30 & 60 mins

time interval was always found to be statisticaligignificant. (p<0.05)

INSPIRATORY VOLUME

163
162

161

.GroupA(n=35)
¥ GroupB (n=35
160 pB( )

159

30 MINS
60 MINS
TABLE 3: EXPIRATORY VOLUME
TIME Group A Group B
P-VALUE
INTERVALS (n=35) (n=35)
5MINS 166.63 + 85.76 164.74 + 83.92 0.463098

30 MINS 167.28 + 85.99 164.63 + 85.04 0.448482

60 MINS 166.86 + 85.86 162.23 + 85.91 0.411155
P-VALUE 0.855258 0.114459

Significant if p < .05

Page 52



Reaults

The mean expiratory volume in group A at 5, 30 &nr8ins time interval was

166.63, 167.28 & 166.86, which was statisticallgigmificant. (p<0.05).

The mean expiratory volume in group B at 5, 30@&nG@ins time interval was 164.74,

164.43 & 162.23, which was statistically insigrégiict. (p<0.05)

The mean expiratory volume in between group A &tB5, 30 & 60 mins time

interval was statistically insignificant. (p<0.05)

EXPIRATORY VOLUME

168
167
166
165
164
163
162
161
160
159

n Group A (n =35)

u Group B (n =35)

5 MINS

30 MINS

60 MINS
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TABLE 4: LEAK VOLUME

TIME Group A Group B
P-VALUE
INTERVALS (n=35) (n=35)
5MINS 497 +451 5.17£4.44 0.426*
30 MINS 497 +£451 7.14 £+5.98 0.045*
60 MINS 8.09 £6.03 7.57 £5.17 0.351
P-VALUE 0.000106* 0.040181*

Significant if p < .05
The leak volumes at different time intervals weoenpared with the baseline

of values within the groups.

The mean leak volume in group A at 5, 30 & 60 ntinge interval was 4.97,

4.97 & 8.09, which was scientifically relevant. (p85)
The mean leak volume in group B at 5, 30 & 60 ntime interval was 5.17,

7.14 & 7.57, which was clinically meaningful. (p€6)

The mean leak volume in between group A & B an80s time interval was
found to be statistically significant; however iatlveen the groups at 5 & 60 mins

time interval it was found to be statistically igisificant. (p<0.05)
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LEAK VOLUME

u Group A (n =35)

u Group B (n =35)

30 MINS
60 MINS
TABLE 5: LEAK FRACTION
TIME Group A Group B
P-VALUE
INTERVALS (n=35) (n=35)

5MINS 0.03+0.03 0.042 £0.0471 0.1211
30 MINS 0.04 £0.03 0.0482 + 0.0415 0.37404
60 MINS 0.05+£0.03 0.0509 + 0.0416 0.26432

P-VALUE 0.01536* 0.67951

Significant if p < .05

The mean leak fraction in group A at 5, 30 & 60 giime interval was 0.03, 0.04 &

0.05, which was found to be clinically relevant@p5)

Similarly, a comparative analysis with respecthi® mean fraction in group B at 5,
30 & 60 mins time interval was found to be 0.042)482 & 0.0509, which was

statistically valid. (p<0.05)
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The mean fraction in between group A & B at 5,8®0 mins time interval was

found to be always statistically insignificant. (p€5)

LEAK FRACTION

0.06
0.05
0.04
0.03
0.02

0.01

5 MINS 30 MINS 60 MINS

.GroupA(n=35) .GroupB(n=35)

TABLE 6: PEAK INSPIRATORY PRESSURE

TIME Group A Group B
P-VALUE
INTERVALS (n=35) (n=35)
5MINS 15.03 £ 2.05 13.37 £1.82 0.00032
30 MINS 15.20£1.92 13.03 £2.23 0.000022
60 MINS 15.66 = 1.90 13.0+2.14 <0.00001
P-VALUE 0.001093* 0.19651

The mean peak inspiratory pressure in betweerpgho& B at 5, 30 & 60 mins time

interval was statistically significant. The mearakénspiratory volume in group A at

5, 30 & 60 mins time interval was statistically rsigcant.
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PEAK INSPIRATORY PRESSURE

' ' ' e
Group A (n = 35)

5 MINS 30 MINS 60 MINS

TABLE 7: END TIDAL CO2

TIME Group A Group B
P-VALUE
INTERVALS (n=35) (n=35)
5MINS 29.49 +4.88 32.77 £4.36 0.02059
30 MINS 30.4 +3.99 32.54 +3.64 0.01095
60 MINS 30.29 +4.04 32.26 £3.98 0.02179
P-VALUE 0.03301 0.5085

The mean end tidal pressure in between group A &tB, 30 & 60 mins time
interval was statistically significant. The meardeitlal pressure in group A at 5, 30

& 60 mins time interval was statistically signifida
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33
32,5
32
315
31
30.5
30
29.5
29
28.5
28
27.5

5 MINS, 32.77

5 MINS, 29.49 I

5 MINS

END TIDAL CO2

30 MINS, 32.54

30 MINS

30 MINS, 30.4 I 60

60 MINS, 32.26

MINS, 30.29 I

60 MINS

Reaults

Group B (n = 35)

Group A (n =35)
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DISCUSSION

Over the years, there is an abundance of resedricn v primarily focused on
improving patient care during surgeries. The usar@sthesia remains the foremost
phase of any surgical procedure, wherein anesthetbniques are constantly
improvised whilst reducing complications by meafsanservative as well as non-
conservative approaches.

SAD may soon take the place of tracheal tubes diapgc GA, according to
these advancements in research. SAD are recommelngeid their low airway leak
pressure [p-leak] and stomach inflation. To addtlessissue, it has been proposed to
combine barometric controlled breathing with tigalumes of 6-8 ml/kilogran!?
The I-gel (Intersurgical Ltd.) is a disposable,gé&nuse supraglottic airway device

that has gained popularity in recent yédttinlike traditional laryngeal cuffs,

it is non-inflatable and made of thermoplastic rei312

Its symmetrical, broad, elliptical shape with aetally flattened stem
facilitates easier insertion and better stabilmatiduring anesthesfaThese features
are particularly beneficial for pediatric patienf&he I-gel supports both positive
pressure ventilation and spontaneous breathing.

The application of I-gel overcomes known drawbagkshe standard LMA,
which include upper airway obstruction, airway leg&, and gastric distension,
which limit its usefulness in juvenile age rarige.

Tidal volumes and positive end expiratory presq{®€EP) help prevent the
common problems of atelectasis brought on by ainelmgure. One of the main
causes of ventilator-induced lung damage (VILI) idgr anesthesia has been

identified as the cyclic opening and caving in bfeali.® After general anesthesia,
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tracheal intubation with appropriate TV and PEERéguently used in children to

avoid alveolar and airway collaps&

For lung recruitment and improving functional restl capacity, PEEP
combined with controlled breathing has been suggesthis includes using an

endotracheal tube or PLMA to rectify the ventilatioerfusion mismatch.

With the exception of size 1 (without a ryles tubstlidies assessing I-gels of
different pediatric sizes have shown that theyaareffective airway device with few
complications, a high success rate, and ease eftims!? °Size one I-gel has just
made available for usage and is recommended foll fmbies as well as neonates
weighing between two and five kilogrartfsThe intention of this research was to
assess the patient risk and efficacy of I-gel irdigkeic patients both while
incorporating and disregarding PEEP of physioldgicassure.

In our study, the Mean + S.D age of the study subjen Group A & B was
found to be 7.23 + 4.0 & 8.28 + 3.78 years respebti which was found to be
statistically insignificant. (p<0.05) We found aryeslight difference in the mean age
of patients; with a slightly lesser age recordedyioup A patients (approx. 1 year

less).

In a similar study, carried out by Kamhawy G et'ahey reported the mean
age of the PEEP group study subjects as 9.76, ahédiravas 9.86 amongst the non
PEEP group of subjects.

The age of the patient plays a pivotal role in deg the size of the tube
required, in order to decide a correct I-gel sizeiclv has minimal leakage and

discomfort to the patient, while avoiding/reducthg risk of any complications.
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It is important to consider the fact that the aywsssage amongst pediatric
patients is comparatively small than in adults,sthmequiring more attention in
choosing the perfect size, even though i-gel hasrbplastic properties which helps
to adapt well to the airway passage.

Without the need for a inflating cuff, I-gel is tuio fit the architecture of
hypopharyngeal and perilaryngeal regions; howereradjustments were made to

accommodate young patierits

Young kids and infants are more likely to experenespiratory failure
following anaesthesia due to a variety of age-eelatrespiratory physiology
characteristics. These characteristics includesthe and collapsibility of the upper
and lower airways, a reduced effectiveness of thiempnary architecture, a smaller
epithelial surface that can undergo gas exchanghaage in the balance between
chest wall and lung compliance, and a lack of nigtwf respiratory control along
with certain protective responses (in the youngkitiren)°

Respiratory adverse events are a leading souro@dflity and morbidity in
pediatric anesthesia, accounting for up to 20% Ibfamesthetics’'® Respiratory
difficulties account for over three-quarters oftical events, and pulmonary
complications, particularly laryngospasm, are diyedinked to one-fourth of all
anesthesia-related heart failure in young childfen.

PEEP has been used primarily to bring in/stabllimey unit to improve patient
oxygenationt According to imaging studies, PEEP prevents theeld@ment of
atelectasis in dependent areas, whereas GA cduses i

Despite the widespread recognition and use of ptigieventilation during GA
to limit TV (6-8 ml/kg) in the OR , PEEP is stilbt frequently applied for subjects

undergoing general anesthesia with LKIA.
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Discussion

The mean inspiratory volume in group A at 5, 30 &rins time interval was
162.8, 162.91 & 162.89, whereas in group B at 5&3D mins time interval it was
160.57, 160.45 & 160.54. Further, the mean insmiyatolume in between group A
& B at 5, 30 & 60 mins time interval was also foutedbe statistically insignificant.
(p<0.05). Thereby, we never recorded any significluanges across the various time
intervals in within or across the groups.

In the study by Kamhawy G et dlthe mean inspiratory volume at time
interval of 5, 30 & 60 mins time interval was 2292.62 & 296.81 amongst PEEP
patients, whereas in non-PEEP patients it was 25225.29 & 296.81; with either
groups showing any significance; however it wasificant between the groups at all
time intervals.

The mean expiratory volume in group A at 5, 30 &Bids time interval was

166.63, 167.28 & 166.86, whereas in group B at®&30 mins time interval was
164.74, 164.43 & 162.23. Also, the mean expiratayme in between group A & B
at 5, 30 & 60 mins time interval always remaineatistically insignificant. (p<0.05);
similar to that observed across the mean expiratolyme.

In the study by Kamhawy G et althe mean expiratory volume at time
interval of 5, 30 & 60 mins time interval was 289,.287.29 & 293.09 amongst PEEP
patients, whereas in non-PEEP patients it was Z42%9.62 & 251.48; with either
groups showing any significance; however it wasificant between the groups at all
time intervals.

Tidal breathing, V/Q matching, and respiratorywdrcan all be hampered by
anesthesia. Understanding the pulmonary mechamidshaw it changes during
anesthesia in children of different ages may helprevent, identify, and predict any

decline that could lead to respiratory faildfe.
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Discussion

An important determinant of the effectiveness SAD is leak pressure.
Particular therapeutic circumstances, such as tybes well as restrictive lung
disease, can benefit from higher leak presstres.

We recorded the mean leak volume in group A at®,&360 mins time
interval to be 4.97, 4.97 & 8.09, which was sigrdfit statistically. (p<0.05). Herein,
we found an exponential increase in the leak volafter a period of 60 mins; which
had remained the same at the 5 & 30 mins interval.

A similar analysis within group B showed that thean leak volume at 5, 30
& 60 mins time interval was 5.17, 7.14 & 7.57, whiwas also clinically relevant.
(p<0.05). Herein, we discovered a constant increaseean leak volume at 30 mins
time interval in comparison to the 5 min interwahich further increased at 60 mins
time interval.

A comparative intergroup-analysis showed that mean leak volume in
between group A & B at only 30 mins time intervahswstatistically significant;
whereas it remained statistically insignificanbetween the groups at 5 & 60 mins of
time interval. (p<0.05)

The mean leak volume at 30 mins in group A & B vi@snd to be 4.97 &
7.14, which cannot be clearly understood as tHereifice remains high. However, it
reflects the effectiveness of normal PEEP pressuceunteracting such changes

In the study by Kamhawy G et althe leak volume at time interval of 5, 30 &

60 mins time interval was 4.76, 5.33 & 4.76 amon@BEP patients, whereas in
nonPEEP patients it was 4.09, 6.0 & 5.76; with esitlgroups showing any

significance
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Discussion

Nevertheless, Goyal et &f.proved the efficacy of I-gel versus PLMA with
respect to the leak pressure, with I-gel being @novo be more efficacious in
paediatrics airway passage.

Supraglottic airway devices could be used astgutes for endotracheal
tubes following general anesthesia in childrertehms of speed as well as feasibility,
I-gel insertion outperformed the ProSeal laryngeakk airway (PLMA) as well as
the traditional LMA. SAD exhibit low airway leak @ssure (p-leak), posing a danger
of stomach inflation. Guidelines propose using R#W TV of 6-8 ml/kg?

Due to lack of an inflatable cuff, I-gel may exipace higher leaks compared
to alternative supraglottic airway devices throughpositive pressure breathif.
Using PEEP with regulated breathing has been reemded for lung recruiting,
enhancing functional residual capacity, along wdthrrecting ventilation/perfusion
mismatch using endotracheal tube/PLMA.

On assessment of other objectives, a constantasera the mean leak fraction
levels was observed in group A. At time intervabpB0 & 60 mins time interval, the
mean leak fraction was recorded to be 0.03, 0.09.85, which was clinically
relevant. (p<0.05)

However, a comparative analysis with respect éontiean fraction in group B
at 5, 30 & 60 mins time interval was 0.042, 0.04&20.0509, which was
mathematically not relevant. (p<0.05) Herein, theréase in mean leak fraction was
found to be lesser at each time interval in congparito that observed amongst group
A patients.

Further, an intergroup analysis of the mean foacth between group A & B
at 5, 30 & 60 mins time interval was found to beas statistically insignificant.

(p<0.05)
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Discussion

The values observed in our study were similar eodtudy by Kamhawy G et
al..! who observed the mean leak fraction at the tirtenial of 5, 30 & 60 mins to be
0.015, 0.018 & 0.16 amongst PEEP patients, wherea®n-PEEP patients it was
0.024, 0.023 & 0.022; with either groups showing atatistical significance

In a separate study, Uppal etexamined the use of I-gel in comparison to a
cuffed tracheal tube during PCV while applying thdstinct pressures (15, 20, and
25 cm H20). The tracheal tube and I-gel users did mowever, vary discernably in
terms of leak fractions at 15 and 20 H20 presslie.variation in the leak fraction at
25 cm H20 was statistically significant.

The mean peak inspiratory pressure in the PEERpgbE, 30 & 60 mins time
interval was found to be 15.03, 15.20 and 15.6&reds in non-PEEP group it was
13.37, 13.03 & 13.0; with statistically significa@ group A only. The mean peak
inspiratory pressure in PEEP vs NON-PEEP group, 805& 60 mins time interval

was always statistically significant.

Kamhawy G et af also reportedtatistical significance against the groups at
all-time intervals as in PEEP group it remainedl6t & in non-PEEP group it
remained at 13.71 across all time intervals; how&wwas insignificant within their
non-PEEP group across the respective time intervals

When respiratory pressure surpasses atmosphessypecat the conclusion of
passive expiration, it is referred to as positind expiratory pressure, or PEEP.

The mean end tidal CO2 in the PEEP group at 5, 3i&nins time interval
was found to be 29.49, 30.4 and 30.29, which igssizally significant, whereas in
non-PEEP group it was 32.77, 32.54 & 32.26; whimat statistically significant.
The mean end tidal CO2 in PEEP vs NON-PEEP group, &0 & 60 mins time

interval was statistically significant.
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Discussion

Almost similar results were observed by Kamhawyt@lg' with 35.62, 36.14
& 35.95 readings at 5, 30 & 30 mins time intervaherein there was statistical
significance against the groups at all-time intexv&owever it was insignificant

within their non-PEEP group across the respecime tntervals.

In the research by Kamhawy G et’alhe mean peak inspiratory pressure at
time interval of 5, 30 & 60 mins time interval reimed 16 amongst PEEP patients,
whereas in non-PEEP patients remained at 13.71y &ther groups showing any
significance, however it was reportedly highly sfgant between the groups at all
time intervals.

We never discovered any issues in either groupnguour investigation.
Additionally, Sebastian RG et &l found no hemodynamic effect from I-gel insertion
in their trial, suggesting that I-gel use causttke Irespiratory irritation.

Similar findings were reported by Kim et #.wherein there were no local
common complications like severe sore throat, 8s#ue injury or any damage to
tooth. Also there was no gastric insufflation, negtation, or any aspiratioff.
However, Fukuhara A et &l.described a brief episode of apnea following I-gel
insertion, along with a rare instance of size 2ll-gccidentally slipping after I-gel
was successfully inserted. The literature reseseehaled no notable adverse effects
though, such as trauma, laryngospasm, or bronchospa

Our study showed statistical significance in terofideak fraction and leak
volume in group A (with PEEP), however in group Bithout PEEP) patients;

statistical significance was observed only in lealume and not in leak fraction.
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Discussion

LIMITATIONS
The present study had the following limitations:
1. Smaller sample size
2. Single centre based study

3. Non randomised sample

FUTURE SCOPE

We recommend a large sample, multi-centric, ramded, multi-observer

standardized study to overcome the limitationswfsiudy.
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Conclusion

CONCLUSION

We found the use of PEEP at physiological pressure to be slightly better than
that observed in non-PEEP patients using I-gel, with the most important parameters
being leak fraction & leak volume. We found limited statistical significance within &
between the groups, therefore to limit/reduce the bias caused by other confounding
factors we advocate large, multi-centric, standardized protocol studies amongst
pediatric patients to obtain a more comprehensive understanding of the significance of

PEEP & their most ideal levels, in order to achieve afavorable prognostic outcome.
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Summary

SUMMARY
Study consisted of 35 pediatric patients each in 1-gel with PEEP & |-gel without
PEEP group
In both the groups, the mean age of the subjects were almost similar, with a
slightly less age reported amongst peer group subjects
For inspiratory volume, there was no statistical significance; neither within the
group nor between the groups.
For expiratory volume, there was no statistical significance; neither within the
group nor between the groups.
The mean leak volume at different time intervals within group A & B was found
to be statistically significant. An inter-group comparison at 30 mins time interval,
however there was no statistical significance at 5 & 60 minstime interval. Herein,
there was a significant difference between the groups only a 30 mins time
interval, suggestive of a more definitive superiority of use of PEEP.
The mean leak fraction at different time intervals within group A was found to be
statistically significant, however there was no statistical significance within group
B and in intergroup comparison (A vs B) at different timeintervals
In terms of peak inspiratory pressure, statistical significance was observed within
group A & in intergroup comparison between PEEP vs non-PEEP patients at al
time intervals, with the exception of those within group B at different time
intervals
The end tidal CO2 in group A was found to be statistically significant, in
intergroup comparison between PEEP vs non-PEEP patients at all time intervals,

with the exception of those within group B at different time intervals.
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Summary

« There were no complications reported in either of the group at any stage with the

use of 1-gel or with the use/non-use of PEEP.
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Annexures

ANNEXURE 1- INFORMED CONSENT FORM
KAHERs JNMC, BELAGAVI

“To compare leak volume with and without the appli@tion of positive end-
expiratory pressure with I-gel based general anaesésia in pediatric patients: A
Randomised Control Trial ”

Name of Student/Principal Investigator:

Name of Guide/Co Investigators:

Objective: To compare the effect of leak volume with and withihe application of

PEEP pressure with I-gel based general anaesthgsegiatric patients.

Introduction : Positive end expiratory pressure has been demadedtto decrease
ventilator induced lung injury in patients under ananical ventilation, increase
functional residual capacity, and improve ventilatperfusion mismatch. This study
is designed to assess the effectiveness and safeiyplying PEEP pressure in the
presence of an LMA, ie, I-gel in children. Althoutitere are significant advances in
literature in regards to advantages of PEEP pressie significant anatomical and
physiological differences in children prove thossults not completely applicable to
the paediatric age group]

Explanation of procedure: On the day of the surgery the nil per mouth statill

be confirmed and intra venous cannula will be segtn the forearm. Children will

be premedicated with Inj. glycopyrrolate 0.004mgliagly weight and Inj. ketamine

1.5mg/kg body weight iv to overcome parental sepamaanxiety and patient will be

shifted to operation theatre, standard monitors$ wél attached which include ECG,

SpO2 and NIBP cuff. patient will be pre oxygenafed 3 minutes with pediatric
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closed circuit using appropriate flow with headtires on a head ring. Patient
induced with Inj midazolam 0.05 mg/kg body weighdaFentanyl 2 mcg/kg body
weight iv, isoflurane in incremental doses. Aftechi@ving adequate depth of
anaesthesia, airway of patients in group A will dezured with I-gel and PEEP
pressure in the range of 0-5 cm of H20 will be agghland in group B just I-gel will
be insertedThe device will be fixed by taping the tube ovee tthin. No muscle
relaxants were given. Patients will be maintained spontaneous breathing with

assisted ventilation to maintain normocapnia.

Withdrawal from participation in the study: Participation in this study is
voluntary. You will be free to decide whether w@rtgipate in this study or continue
participation once enrolled. In case you decidavithdraw your participation, you
are free to do so. However, please convey theideds the principal investigator.
Possible benefits from participating in the study: You will/will not have nor get
any benefits by participating in this study. Théadgathered will help the population
at large.

Possible risks from participating in the study: There are no risks involved in
participating in this study.

Privacy and confidentiality: The information collected from you will be coded, t
prevent any person from identifying you. Your itdgnwill never be revealed. The
data collected from you will be kept confidentialdaonly processed or aggregated
data will be used for publication.

Financial incentives: You will not receive any payment for participatiin this

study.
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Authorization for publication of aggregated data: Results obtained after
processing of the aggregated data will be publisieedscientific purposes and or
presented to scientific groups.

However, your identity will never be revealed.

Questions:

If you have any question or complaints with reg@rgour right as study participant
you may contact Dr Harsha Hegde, Chairperson, &tlsemmittee of INMC, 0831-
2473777 Extension 4052.

Legal rights: By signing this consent form, we are not waviny af your legal

rights.
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CONSENT STATEMENT

| am making a voluntary decision to allow my somglater to participate in
the study To compare the leak volume with and without the aplication of
positive end- expiratory pressure with I-gel basedgeneral anaesthesia in
pediatric patients: A Randomised Control Trial ”

My signature below indicates that | have decidegaaticipate and | have
read the information provided above or the infolioraprovided above has been read
to me in the language that | understand best. 4 giaen the opportunity to ask

guestions and that they have been answered to tisfastion.

Name of the participant:

Signature or left thumb impression of the partioipa

Name of the witness:

Signature or left thumb impression of the witness:

Name of the investigator:

Signature of the investigator:
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ANNEXURE II - PROFORMA

“To compare leak volume with and without the appli@tion of positive end
expiratory pressure with I-gel based general anaesésia in pediatric patients: A
Randomised Control Trial”

Explanation of procedure:

After having met the inclusion criteria and obtamiwritten informed consent
from the parents, a thorough pre anaesthetic etrafuaill be done on the day before
surgery and patient will be advised for adequate$of nil per mouth.

After confirming nil-by-mouth status, intravenouscass will be secured.
Children will be premedicated with Inj. Glycopyrtdad.004mg/kg body weight and
Inj.

Ketamine 1.5mg/kg body weight IV to overcome paakséparation anxiety.

Patient then will be shifted inside the operatiogm and standard monitoring
devices would be attached including non- invasiteral blood pressure, heart rate,
ECG, and oxygen saturation. Pre- oxygenation fionrg will be done with paediatric
closed circuit using appropriate flow with headirgson a head ring. Patient induced
with Inj. Propofol 2mg/kg body weight and Inj. Fanyl 2mcg/kg body weight 1V,
Isoflurane in incremental doses. After obtaining@aate depth of anaesthesia, I-gel
of appropriate size as per manufacturer recommemdatill be inserted and fixed
and put under pressure controlled mode (PCV mdadlpwing this, the patients will
be divided into two groups— Group A where PEEP ah%f H20 will be added to
pressure controlled ventilation (PCV) and Group Beve no PEEP will be applied.
Assessment of leak in both groups will be done dxyording leak volumes. Leak
volume is recorded as the difference between iagpy and expiratory tidal

volumes. EtCO2 and peak inspiratory pressure sse abted as the secondary
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objective. The patients were monitored throughbet grocedure. Vitals were noted
and recorded. Patients shifted to recovery.

Group allotted

Name : Age

Gender : Weight

Height ; Date of Examination
Address ; Occupation

Pre examination evaluation

Past History

e Congenital disorders ICU admissioURTI
L] ] ]
* H/o previous surgery/(s) where airway difficut§ll be encountered. Yes No
I
General physical examination
Weight (Kg) : TempenaOF) : Pallor :
Cyanosis : Pesid¢ma : Clubbing :
PR : BP : RR:
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Musculoskeletal examination:

Teeth:

Airway assessment :

Investigations

Hb%:

TLC:

FBS:

Systemic examination:

CNS:

CVS:

Preoperative physical status

Diagnosis:

Proposed surgery:

Monitors attached:

Pulse oximetry:

ECG:

Jaw movements:

Spine:

Platelet Count:

INR:

RS:

GIT:

American society of anesthesiologist| Il

1 [

NIBP:
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Inspiratory tidal volume (ml)

Expiratory tidal volume (ml)

Leak volume

Leak fraction

End tidal CO2 (mmHg)

Peak inspiratory pressure

(PIP) cm H20

Name and Signature of Investigator:

5 min

30 min

1h

5 min

30 min

1h

5 min

30 min

1lh

5 min

30 min

1h

5 min

30 min

1h

5 min

30 min

1h

Name and Signature of Anesthesiologist:

Name and Signature of Witness:

With PEEP

Without PEEP

Page 84



Annexures

ANNEXURE 3: PHOTOGRAPHS

PHOTO 1: PATIENT UNDERGOING GENERAL ANAESTHESIAWIT H

SECURE I-GEL PLACEMENT

PHOTO 2: GROUP SPECIFIC VITALS MONITORING
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PHOTO 3: PERIOPERATIVE VITAL SIGNS MONITORING ALONG  SIDE I-

GEL BASED VENTILATION

PHOTO 4: I-GEL SIZE 1V
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N q
o] 7l L w z
e X &= Z s = Q
L5 L0 o3 c3 3 3
2L < < g <0 20 e} <
3 W o x> @ > > &
=& T3 52 6, 2 < x
9 Z U z0 ) é 2
w g . . -
5 . 60 5 30 60 5 30 60 5 30 60 5 30 60 5 30 .
. 30min . f ) ) . ) ) B ) ) . ) ) f ) 60 min
min min | mn | min | mn [ min | min | mn | mn [ min | min | mn | min | min min min
S. Group
NO IP # AGE/GEN AB PEEP
1 10017196 13/M A 5 26 28 27 15 16 16 35 35 350 334 343 33616 7 14 0.04 0.02 0.04
2 10110742 4/M A 5 30 33 34 16 17 18 80 80 8(Q 86 76 74 6 fl 6 .070{ 0.05 0.07
3 10014943 4/M A 5 34 33 34 13 14 15 11¢ 11 110 112 113 114 2 3 4 0.01 0.02 0.03
4 10110760 2/M A 5 36 35 36 15 17 15 12( 12 12D 121 116 115 14 5 0 0.03 0.04
5 10014596 8/M A 5 28 30 30 12 12 13 16( 16 160D 1%6 160 149 4 0 11 0.02 0 0.06
6 10110446 4/F A 5 39 35 37 13 12 13 40 40 4( 4p 3p 37 R L 3 .050 0.02 0.07
7 10031191 3/M A 5 31 32 33 14 13 14 90 90 9( 91 82 7B L B 120.01 0.08 0.13
8 10014716 2/M A 5 21 24 22 11 12 15 79 80 82 86 85 8B 4 5 1 .080| 0.06 0.14
9 10027433 4/M A 5 30 34 34 11 12 11 10(¢ 10 100 112 115 m2 2 1 15 12 0.12 0.15 0.12
10 10110638 6/F A 5 28 27 28 11 12 13 17 170 170 1y6 166 164 6 4 6 0.03 0.02 0.03
11 10124179 13/M A 5 27 34 32 15 14 14 34 34 340 340 342 3450 2 5 0 0.005 0.01
12 10121427 4/M A 5 26 26 25 18 17 18 90 90 9Q 9 94 96 0 fl 6 0 0.04 0.06
13 10124148 2/M A 5 30 30 29 14 15 14 80 82 8( 8 9 8y 0 B D 0 0.09 0
14 10124050 8M A 5 22 24 25 18 17 18 15( 15 150D 1%4 156 165 4 6 5 0.02 0.04 0.03
15 10124158| 3/F A 5 26 27 30 16 15 16 100 100 100 101 101 114 11 4 0.01 0.01 0.04
16 10124164 4/M A 5 29 29 28 18 18 18 79 80 8( 8 8 8B L b B .010| 0.07 0.07
17 10123995 8/F A 5 28 28 29 15 14 15 150 150 150 154 157 154 4 7 4 0.02 0.04 0.04
18 10123257 11/F A 5 24 29 29 16 16 16 260 26D 260 264 267 2804 7 20 0.01 0.02 0.07
19 10123422 12/F A 5 38 34 32 17 18 17 200 20D 200 2p0 2p1 21820 21 18 0.1 0.1 0.09
20 10123407 12/M A 5 39 39 38 16 15 16 17 17 170 174 1Y6 174 4 6 4 0.02 0.02 0.02
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21 10122500 5/M A 5 36 36 35 17 16 18 14( 14 14D 146 145 145 6 5 5 0.04 0.03 0.03
22 10121365 12/F A 5 34 35 32 15 16 15 179 170 170 174 1B0 1844 10 14 0.02 0.05 0.08
23 10122590 6/F A 5 26 27 27 14 15 15 19 190 190 194 200 210 410 20 0.02 0.05 0.1
24 10122817 6/M A 5 25 26 27 16 16 17 16( 15 15p 164 162 165 4 4 6 0.02 0.02 0.03
25 10122813 8/F A 5 34 32 33 15 14 14 140 14p 140 150 155 1530 1 13 13 0.07 0.09 0.09
26 10122580 13/M A 5 35 36 38 14 13 15 16 16 160 165 167 1705 7 10 0.03 0.04 0.06
27 10122701 15/F A 5 24 27 27 17 18 18 350 35p 350 3565 3p7 3705 7 20 0.01 0.02 0.05
28 10122851 16/M A 5 26 30 26 16 16 17 39 39 390 400 388 37010 2 20 0.02| 0.005 0.05
29 10122456 5/F A 5 28 29 29 15 16 17 16 160 160 170 168 1650 (1 8 5 0.06 0.05 0.03
30 10118193 9/F A 5 35 36 30 16 17 18 240 240 240 245 250 242 510 2 0.02 0.04 0.008
31 10120992 7IM A 5 26 27 29 18 18 18 19(¢ 19 190 190 186 188 0 4 2 0 0.02 0.01
32 10122197 3/M A 5 25 26 25 16 16 16 80 80 80 85 87 8B b v B .060| 0.08 0.1
33 10121823 8/M A 5 33 33 35 11 13 12 16( 16 16D 160 164 165 0 4 5 0 0.02 0.03
34 10121823 8/M A 5 26 27 27 16 16 16 17( 17 170 176 177 170 6 7 0 0.03 0.04 0
35 10120678 5/F A 5 27 26 28 16 16 17 80 80 8( 8b 84 85 <] A 5 .060 0.05 0.06
36 10016013 3/F B 0 42 36 34 18 19 19 70 70 7(q 8B 63 70 18 7 00.25 0.1 0
37 10016789 2/F B 0 31 32 33 11 12 11 110 110 110 115 14 109 54 1 0.04 0.03 0
38 10014716 2IM B 0 29 27 28 11 10 9 10( 10 10D 101 102 104 12 4 0.01 0.01 0.04
39 10014659 9/M B 0 35 36 35 15 14 16 24 24 240 286 240 230 40 10 0.01 0 0.04
40 10083169 6/M B 0 38 32 28 11 11 11 19 186 189 193 184 185 32 4 0.01 0.01 0.02
41 10013771 11/M B 0 29 30 28 15 16 12 18 180 180 186 190 193 6 10 13 0.03 0.05 0.07
42 10083184 ‘ 2IM B 0 37 34 39 12 12 12 10(|) 10 100 9 97 90 8 3 10 0.08 0.03 0.1
43 10121758 8/M B 0 36 34 34 11 14 13 20({1 20 200 201 210 214 110 14 0.005 0.05 0.07
44 10121266 5/F B 0 38 38 27 14 14 13 100 10D 1Q00 1p5 1p9 j04 59 4 0.05 0.09 0.04
45 10120621 ‘ 13/M B 0 29 29 29 11 10 11 16 160 160 155 156 160 5 6 0 0.03 0.03 0
46 10120883 10/F B 0 34 35 35 12 14 14 13D 13D 130 183 134 1333 4 3 0.02 0.03 0.02
47 10120035 9/M B 0 28 29 29 13 13 13 10 10 100 110 115 116 0 1 15 16 0.1 0.15 0.16
48 10119980 8/F B 0 26 27 26 14 13 14 9( 9( 9 96 8|7 85 6 B 5 .060 0.03 0.05
49 10120822 13/F B 0 25 26 27 15 15 14 300 30D 300 3|10 3p2 31110 22 11 0.03 0.07 0.03

Page 88



Annexures

50 10120621 13/M B 0 38 36 38 13 12 11 34 340 340 345 383 3244 7 16 0.01 0.02 0.04
51 10120775 4/F B 0 33 32 33 14 12 11 110 11D 110 113 116 100 36 10 0.02 0.05 0.09
52 10118897 8/M B 0 36 35 34 13 12 11 13 13 130 184 186 134 46 4 0.03 0.04 0.03
53 10120547 11/F B 0 29 29 30 10 9 10 110 11D 110 112 1p0 116 210 6 0.01 0.09 0.05
54 10119000 14/M B 0 34 36 37 11 10 10 15 150 150 155 154 148 5 4 2 0.03 0.02 0.01
55 10099807 4/F B 0 36 37 36 12 12 12 70 70 7q 76 6B 68 6 R 2 .08Q0 0.02 0.02
56 10101216 10/M B 0 38 38 38 16 15 15 110 110 110 120 180 12510 20 15 0.09 0.18 0.13
57 10101213 10/M B 0 37 38 37 14 13 15 20! 200 200 220 2p4 21420 24 14 0.1 0.12 0.07
58 10101007 10/F B 0 29 29 30 13 13 14 20D 20D 200 2p0 213 2160 13 16 0 0.06 0.08
59 10100974 10/F B 0 35 34 33 12 11 12 150 15D 130 156 167 1436 7 7 0.04 0.04 0.04
60 10100866 14/F B 0 33 32 33 13 13 13 40P 40p 400 4p2 400 4162 0 16 0.005 0 0.04
61 10100946 11/F B 0 38 38 38 14 14 15 300 30D 300 3p0 302 2970 2 3 0 0.006 0.01
62 10100344 3/M B 0 33 34 33 13 11 10 60| 60 60 65 54 51 b # 9 .080] 0.06 0.15
63 10100711 11/™M B 0 29 29 28 14 14 14 130 130 130 182 185 1252 5 5 0.01 0.03 0.03
64 10110733 11/F B 0 25 29 28 16 16 15 12D 12p 120 16 1n4 1106 6 10 0.05 0.05 0.08
65 10111068 7IM B 0 26 27 26 15 10 14 19 19 190 198 200 201 8 10 11 0.04 0.05 0.05
66 10107514 11/™M B 0 33 34 38 13 13 13 260 260 260 260 265 2590 5 1 0 0.01 0.003
67 10111318 12/M B 0 31 30 31 16 18 16 27 270 270 270 256 2660 14 4 0 0.05 0
68 10109653 2/IM B 0 34 34 35 15 15 15 60 60 6Q 64 65 65 A b 5 .060 0.08 0.08
69 10110273 8/M B 0 29 29 29 14 14 15 10 10 100 103 98 96 3 2 4 0.03 0.02 0.04
70 10208861 5/M B 0 34 34 32 14 12 12 90| 90 9( 94 99 100 6 L 100.06 0.01 0.1
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