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INTRODUCTION

The adenoids are a part of the Waldeyer's ring and play an important part in the
development of the immune system and indeEenseagainst infectionAdenoid
enlargement is common in children, particularly due to the normal growth pattern and
changes of the adenoids in relation to the nasopharynx, and also due to associated
factors like allergy and surface biofilm formation. Therdton at the junction of the
nasal passage and the oropharynx predisposes to a variety of symptoms when
enlarged, including snoring, mouth breathing, recurrent colds and sinusitis, recurrent
ear infections including acute otitis media and otitis medih @fitusion, chronic otitis
media and recurrent pharyngotonsillitis. Thus, they contribute significantly to
morbidity among children in the first two decades of life. Béaugited on the
posterosuperior roof of éhnasopharynx, the adenoids aot amenald to easy

clinical visualization Among the various investigations in use to assess adenoid
hypertrophyJateral radiographs of the nasopharynx and vitesopharyngoscomre

the most common tests in use. The lateral radiographs are useful in screddieg,ch
although videmasopharyngoscopy using thgid or flexible fibreoptic endoscopes

has become the gold standdre to the completeness of the picture obtained and the
opportunity it affords to look at other areas of interest in the nose, nasoplaay
oropharynx However, there is noniversallyaccepted grading systefor the
adenoidsising the endoscope which has been desciibete extant literaturél he
various systems which have been proposed for endoscopic evaluation have been
limited bytheir inability to provide a complete description of the adenoids in relation

to the areas of expected mass effect due to adenoid enlargémeptoposed ACE
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grading system is intendedfib this gap, and to be grading system which can be
easily usedn the theatre and in thatinical settingto provide a complete picture of the
degree of adenoid enlargement and its impingement on nearby struttassssses
three variable$ the adenoid size in relation to the nasopharyngeal volume (A), the
degree of choanal obstruction (C), and the presence of Eustachian tubal obstruction
(E). The original study which proposed this grading system was doneientpat
under general anaesthesia. Hence there is a need to assess the reliability of this
grading system, as well &s usefulness regardless of the expertise level of the rater,
and its possible use in tlat-patient departmeras an evaluative totd plan for

managementience this studwas conducted



AIMS AND OBJECTIVES

Aim:

To assess the reliability of the ACE endoscopic grading system of adenoids.

Objectives

1) To assess thater-raterreliability of the ACE grading system of adenoids.
2) To assesthe intrarater variability of the ACE grading system of adenoids.
3) To quantify theagreemenbetweendifferent levels oexperisewhen using the
ACE grading.

4) To compare the ACE grading obtained under general anaesthdsea
operation theatréstandard gradeyith the grading obtainednder local anaesthesia

out-patient department



REVIEW OF LITERATURE

The adenoids form a part of normal lymphoid tissue in humans. It plays an important
role in the development of immunity. It also hasla o several disease processes.

This is a review of its place among the other lymphoid tissue of the head and neck, its
normal development and the factors associated with disease, including symptoms and
clinical management. There are a variety of evadnatnethods described to diagnose
enlarged adenoidsas well as diverse treatment opsdna synopsis of these methods

of evaluations mentionedincluding their advantages and disadvantages.



Lymphoid tissue of the head and neck

Lymphoid tissue in the head and neck is arranged as two horizontal rings and two
vertical chains. The rings are called the Waldeyer rings, inner and outer. The outer or
superficial Waldeyer ringompriseghe occipital, mastoid, parotid, preauricular,

facial, submaxillary, sublingual, submental and retropharyngeal lymph nodes. The
inner ring is formed by mucossssociated lymphoid tissue of the nasopharynx and
oropharynx. Thisncludesthe adenoids posterosuperiorly, the lateral pharyngeal

bands and palatintonsils laterally, and the lingual tonsils anteridrly.

Outer Waldeyer ring

The outer Waldeyer ring is formed by the occipital, mastoid, parotid, preauricular,

facial, submaxillary, submental, sublingual and retropharyngeal nodes.

The occipital nodes are related to the occipital artery and vein and the greater occipital
nerve in the occipital triangle. This drains the occipital region. The mastoid nodes are
located in the postauricular and mastoid tip regions. They drain the gkia pihna

and the parietal scalp. The parggidbup of nodes ibbcated in relation to the
parotidomasseteric fascia. The pretragal nodes lie above the fascia, while the
preauricular nodes lie below it. There are deep nodes which lie within the parotid
gland also. These collectively drain the frontoparietal scalp, parotid gland, upper lip,
buccal skin and buccal mucosa. The facial nodes lie along the distribution of the facial
artery and vein that drain the frontal scalp, skin of the forehead and ndsi#s,dlie

nasal septum, upper and lower jaws, lips, palate, parotid gland and buccal space. The
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submaxillary nodes receive efferents from the parotid and facial nodes. The submental
nodes within the submental triangle receive drainage from the chincamari of the
lower alveolus, lower lip, floor of the mouth, and the tip of the tongue. The sublingual
nodes lie near the sublingual glands and the anterior part of Wharton's duct. They
drain the floor of the mouth, the ventral surface of the tonguethenanterior
mandible?

Peripheral (outlying) lymph nodes

Occipital ‘ Occipital

pe J - \["-—\, J
’OO/ oo \
Postauricular ——— Q 'O ~—— Postauricular

t O/ ‘Q)

Outer circle b |
Preauricular —.O \ ,O\— reauricular

./ ’_f'
Submand:bular7L\© —o, =
o OOI\l ----- O ,-/\OO \ ',' (® Y
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Q.

L -

Terminal O )

.....

’

(deep cervical) ‘OO Q= Retropharyngeal b
lymphnodes  “T7" X/ T [
Internal Terminal
jugular vein (deep cervical)
Inner circle lymph nodes

O
o S
Dt "o O;'/

\\,

~*—Paratracheal
Peripheral Lymph Nodes, https://

www.earthslab.com/anatomy/lymphatic-drainage-
of-the-head-and-neck/ Prelaryngeal and pretracheal

Figure 1: Arrangement of lymphoid tissue in the head and neck region

The retropharyngeal nodes lie between the pharyngeal wall (with the buccopharyngeal
fascia) and the prevertebral fascia. Due to their location, they cannot be diagnosed
clinically and require imaging for assessment. There are two groups present

bilaterally, medial and lateral. The superimost node of the lateral group is the

eponymous node of Rouvier. The medjedup of nodes ialso known ashe nodeof
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Henle. The laterajroup of nodes igsually present between the skull base and the C2
vertebra, whi¢ the mediagjroup of nodes iseen betweetihe C2 and C3 vertebrae.
These nodes are seen prominently in childhood, and they are unusual in adults. The
nodes involute between® years of age, however they may be present on-cross
sectional tomography evém older people and may be confused for other strucfures.
When picked up on crossectional imaging, the lateral group of nodes are usually
seen bilaterally. The medial nodes are rarely seen in isolath@y are usually
associated with the lateral grotihey drain the nasal cavity, paranasal sinuses,
nasoplarynx, oropharynx and palate, and middle ear. Retropharyngeal nodes can get
infected during upper respiratory tract infections in children, including with
pharyngitis, adenotonsillitis, and sinusitis. This can lead to the formation of a
retropharyngeal absss in children. Such primary retropharyngeal abscesses are not
seen in children above the age &b years as the retropharyngeal nodes usually
involute by then. When infected, the nodedlgough the stages of adenitis and
periadenitis, and finally fon an abscess. Retropharyngeal abscesses usually present
with fever, neck pain, sore throat, dysphagia, drooling, torticollis, and respiratory
distress. Examinationof the oropharynxmay show a swelling in the midline or to one
side of the midline of thegsterior pharyngeal wall. The diagnosis can be confirmed
by a lateral Xray of the neck or by computed tomography, which will show an
increase in the width of the puertebral soft tissue and dluid levelin the
retropharyngeal soft tissue shadibwn abscess is present. Loss of cervical lordosis
can also be noteah imaging The abscess requirgdravenous antibiotics and may

requiresurgical drainage, either by the trasmsl or the cervical mte® An interesting
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association has been noted betwadenotonsillar hypertrophy with retropharyngeal
nodal enlargement and obstructive sleep apnoea in childveather the
retropharyngeal nodal enlargement contributes to the sleep apnoea or is part of a
global lymphoid derangement seen in adenotonsillpetiyophy remains to be

verified.”

Collectively, these different nodal groups drain into the spinal accessory, upper
jugular, and partly lower jugular nodes. The submental, sublingual and

retropharyngeal nodes drain bilaterally.

Lymphatics of the neck

Thelymphatics of the neck are arranged in two chains, the superficial and the deep.
The superficial chain lies in relation to the external jugular vein while the deep chain
is related to the internal jugular vein. The superficial cervical nodes can be furthe
subdivided into the anterior group, which lies close to the anterior jugular vein, and
the posterioftateral group, which lies close to the external jugular vein proper. The
deep cervical nodes constitutp toeighty percent of cervical lymph nodes. Vlee
divided into the upper, middle and lower jugular nodes. The upper jugular nodes
extend along the superior part of the internal jugular vein, from the skull base till the
carotid bifurcation. This group contains the jugulodigastric node. The midgi&ju
nodes lie between the carotid bifurcation and the omohyoid teatdbe levelvhere

it crosses the internal jugular vein. The lower jugular nodes extend from the omohyoid

tendon down till the thoracic inlet.



Other than the jugular nodes, otlgeoups which form a part of deep cervical
lymphatics include two transverse chain®ne extending along the spinal accessory
nerve and the other along the transverse cervical artery. Also included are the
juxtavisceral nodes, which comprise the prelgsal, prethyroidpretracheal and
paratracheahodes. The superficial cervical nodes drain into the deep jugular nodes,
and ultimately into the thoracic duct on the left and the right lymphatic duct on the

right.

Inner Waldeyer ring

This consists of theubmucosal lymphoid tissue aggregates spread around the orifices
of the pharynx. They include the palatine tonsils, lingual tonsils, tubal tonsils,

adenoids, and lateral pharyngeal bands.

The palatine tonsils are situated in the oropharynx on either stdedn the folds

formed by the palatoglossus and palatopharyngeus muscles.

The adenoids or pharyngeal tonsils comprise the lymphoid tissue on the roof and

posterosuperior wall of the nasopharynx.

The tubal tonsils lie in relation to the pharyngeal opgmihthe Eustachian tube. They

are also known as Gerlach's tonsils &ydnferolaterally in relation to the adenoids.

The lingual tonsils are formed from lymphoid tissue lying within the posterior one

third of the dorsum of the tongue.

The lateral pharygeal bands are formed by lymphoid tissue extending along the
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posterior tonsillar pillar (palatopharyngeal arch) and behind the soft palate.

These lymphoid tissue aggregates encounter botioaie and alimentary antigens

and thus participate in local ahdmoral immunity?

Lymph to upper deep cervical
and retropharyngeal nodes

Pharyngeal tonsil

Eustachian
(Gerlach’s) tonsil
Lateral band

Lymphocytes
into pharynx
Palatine tonsil

Lymph to
jugulodigastric
' , lymph nodes
Lingual tonsils

Lymph to deep cervical
(spinal accessory) lymph nodes

Copyright @2006 by The McGraw-Hill Companies, Inc
All rights reserved.

Figure 2: Diagrammatic illustration of the inner Waldeyer ring
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Adenoids and nasopharynx

The nasopharynx is the uppermost part of the pharynx. It extends from the base of the
skull superiorly to a plane passing through the hard palate inferiorly. It is bounded
anteriorly by the posterior part of the nasal septum and the choanae. Superiorly and
posteriorly, the walls are continuous and are formed by the lower part of the body of
thesphenoid, the basilar part thfe occipital bone, and the arch of the atlas lower

down, with the prevertebral muscles and fascia, superior constrictor, pharyngobasil
fascia and mucosa overlying it. Inferiorly, the nasal surface of the soft palate forms a
mobile boundary, apposing posteriorly with the palatopharyngeal fold (also known as
Passavant s ridge), with the nasopharynge
connecting the nasopharynx to the oropharynx. Because of the mainly bony walls of
the nasopharynx (except inferiorly), the nasopharyngeal walls do not collapse due to

muscle action unliken the oropharynx and hypopharynx.

The lateral wall of the nasopharynx has the pharyngeal openings of the Eustachian
tube on each side, formed by tubal cartilage. The salpingopharyngeus muscle and the
overlying salpingopharyngeal foltescendrom the posterior limb of the tubal

cartilage A smaller, less pronounced, salpingopalatal fold extends from the
anterosuperior part of the tubal opening to the soft palate anteriorly. The tubal tonsil is
found in the mucosa immediately behind the opening of the Eustachian tube. The
Fossa of Rosenmulgealso known as the lateral pharyngeal recess, is located between
the posterior pharyngeal wall and the salpinopharyngeal fold. It overlies the
cartilaginous covering over the foramen lacerum and the internal carotid’dttara

common site for nastyaryngeal carcinoma.
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The nasopharyngeal bursa is a median recess within the pharyngeal tonsils, which
represents the embryological attachment of the notochord to the pharyngeal
endoderm. It extends from the muca$dhe pharyngeal tondib the periosteurof
the occipital bone. Thornwal dtdés di sease

nasopharyngeal burd8.

The Rathkeds pouch is represented by a di

it forms the anterior lobe of the pituitary glafd.

Betweenthe base of the skull and the upper free border of the superior constrictor lies
the snus of Morgagni, through which passes the Eustachian tiubkevatorvel
palatini musclethetensor velipalatini muscle, and the ascending palatine branch of

the facial artery™

The nasopharynx is lined by pseudostratified ciliated columnar epithaiian
continuation of the nasal epitheliufh changes to nekeratinized stratified squamous

epithelium in the posteroinferior part, which continues intootfegharynx.

The nasopharynx is innervated mainly by the pharyngeal branch of the

pterygopalatine ganglion, which passes through the palatovaginal canal.

The nasopharynx primarily drains into the retropharyngeal lymph nodes, and into the
upper deep cervicalodes and the spinal accessory chain of nodes in the posterior

triangle™

The adenoids lie on the posterosuperior wall of the nasopharynx. It comprises the
mucosaassociated lymphoid tissue that forms the central part of the inner Waldeyer

ring. Mucosaassociated lymphoidissue, or MALT, containa significant number of
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lymphocytes:* The alenoids have four anatomic regiortse epithelium, the mantle

zone, the follicular germinal centre and the interfollicular area.

Courtesy of
www1.udel.edu/b
iology/Wags/hist
opage/colorpage/
cly/cly.htm

Figure 3: Histology of the pharyngeal tonsil

The adenoids have lymphocytes distributed in the epithelium and in the subepithelial
areas. Discrete follicles or nodules of lymphoid cells are found ilath&a propria

and submucosa. d&t of these aggregates lack a capsule. Also found in these
aggregates are type lll collagen fibres and fibroblasts. The lymphocytes are mainly B
cells (approximately 65%), with the rest composed of T cells (30%) and macrophages
(5%)° TheT cells are predominantly CD4 positive. The B cells are found mainly in
the germinal centres, while the T cells are distributed in the interfollicular areas.
Adenoids have cells secreting immunoglobuling/®and G. Cells secreting IgGea

more common thacells secreting IgA and Ight!’ Because of the close proximity of

the lymphocytes to the surface epithelium, the lymphocytes are easily exposed to

inhaled or ingested antigens. The epithelium overlitn@dALT contains modified
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stratified squamoueticulated cells (microfoldells) and dendritic cells that help in
sampling and transferring antigens to the antigessenting cells within the MALT. B
cells and T cells undergo activation and proliferation in the MALT tissue, and these
activated cellsre dispersed along the regional lymph nodes to provide immunity. B
cells also disseminate to the mucosa of the nose and upper airway, and to the salivary
and lacrimal glands. The B lymphocytes produce IgA which is secreted into the

lumen!®*®

The adenoidseceive blood supply frofaranches of the external carotid artery,
includingthe ascending pharyngeatery, from branches of the facial artery likiee
ascending palatine and tonarllbranchesfrom branches of the maxillary artery such
asthe pharyngdaranches anthevidian branch, and the basisphenoid artery. Veins
drain into the internal jugular and facial veins via the pharyngeal plexus@nd
pterygoidplexusof veins The nerve supply of the adenoids is from the pharyngeal
plexusi the sensorgupply is by the branches of the glossopharyngeal nerve and the
motor supply is by the branches of the vagus ndrymphatics drain into the
retropharyngeal lymph nodes, and from there into the deep cervical lymph nodes.

Lymph also drains into the pharymgaxillary lymph nodes.

Adenoids are colonised by a variety of mion@anisms, includingsrampositive and
Gram negative organismspthaerobes and anaerobes. The commamrgsinisms
includeStreptococcuspeciesStaphylococcuspeciesHaemophilusnfluenzae
Moraxella catarrhalis andPrevotellaandFusobacteriunspecies. The same
organisms could also be found in diseased adenoids, however in much higher

concentrations (16000 fold higherf°
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Growth pattern of adenoids

Adenoids begin to develop llge 3rd month of fetal development. In the posterior
nasopharynx, glandular primordia foby the fourthmonth of fetal developmenand
lymphocytes infiltrate into these primordiaCrypts begin to form by thfth month

of fetal development. Pseudosifiad ciliated epithelium covers the adenoids. The

adenoids are completely formed by #srenthmonth.

The adenoids usually start increasing in size at 4 years of age, and gradually progress
to reach maximum volume betwee8 ¥ears of age. Following #hiit gradually

decreases in siZé They may be present earliérom about 34 months of agé® The
nasopharyngeal volume, in contrast, grows slower than the adenoids between the ages
of 2 and 5 years, but catches up by Years and gradually overtakes tjrowth rate

of theadenoid€* This is usually due to the displacement of the hard palate

downward, which increases the nasopharyngeal height from the sphenoid bone to the
palate”?® The transverse wth of the nasopharynx increasesre between-80

years of ge, while the vertical growttsimore between 123 years of ag€’. Thus,

between 4 and 7 years of age, the mismatch between adenoid growth and
nasopharyngeal expansion can cause symptoms of nasopharyngeal obstruction, which

gradually improves as the child growtder.
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Adenoid hypertrophy i definition and causes

Adenoid hypertrophy refers to the enlargement of the pharyngeal tonsils due to any
cause. Commonly, it is due to a mismatch between the adenoid volurtieeand
nasopharyngeal volume as the patient grows. It can occur due to infection, either viral
or bacterial, when it will be associated with signs of inflammation like congestion of
the nasopharynx with discharge. Common viral pathogens include Adenovirus,
Rhinovirus, and Paramyxovirus. Epstearr virus may also be a causative factor.
Bacteria causing adenoid infection includaemophilusnfluenzae group A beta
hemolyticStreptococcusStaphylococcus aurepusloraxella catarrhalis and
Streptococcus pneumonideSeveral congenital disorders can lead to enlargement of
the adenoids due to accumulation of various materials in the substahee o
adenoidsAn exampleof thisis the mucopolysaccharidoses,group of conditions

where glycosaminoglycarase not degraded due to deficiency of various lysosomal
enzymes, and thigetdeposiedin severalareas of the body including the adenditls.
Midface and other developmental anomaliesalanaffect theratio betweeradenoid

volume anchasopharyngeal voine and cause symptoms.

In recent studies, surface colonizatiortfegadenoids by various bacteria with biofilm
formation has been implicated in persistent infectionassciatedomplications.

The commonest organisms fouincdthe adenoidwvith strong pedilection for biofilm
formation areStreptococcus pneumonjddoraxella catarrhalis Haemophilus
influenzaeandStaphylococcus aured$A biofilm is a colony of microbes that is
irreversibly attached to a surface and enclosed within an extracellular polymeric

matrix. The extracellular polymeric matrix is composed of polysaccharides, proteins,
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water, and DNA! There is a weltlefined arcttecture with porous areas for water
transport and cell clumps without pores. In addition to the switch from planktonic
mode to sessile mode, such bacteria also show more resistant phenotypes due to
activation of stress genes in response to cell densitpthied environmental
parameters. All these combine to give the microbes a survival advantage. The biofilm
also protects the microbes frahe effects ofintibiotics. This is by several
mechanisms, including decreased antibiotic penetration due to thegumynatrix,
accumulation of enzymes that can degrade or inactivate the antibiotics in the
glycocalyx, slow growth rate of cells (especially in the interior of the biofilm),
presence of persistent cells which are more resistant to stress and antibmtics, t
presence of efflux pumps which decrease the local concentration of antibiotics, low
permeability of bacterial outer membraty the alteration of membrane porin
proteins, and phase variation such as the small colony variants (present in the
quiescenttate) which are relatively resistant to growth phase dependent killing by
antibiotics® Biofilms have been shown to exist on the folds and in the ikt
areas between the folds of adenoids. The films in the afeaucociliary clearance
were usuallydund on the top of the folds, Whithosen areas away from the
mucociliary clearance pathwawere found between the folds af§dBiofilm-
producing microbes can invade epithelial cells and form-retllar biofilms. This
has been demonstratedtive alenoid tissue gbatients who underwent
adenoidectomy for obstructive sleep apnoea and chronic otitis media. Studies have
shown that there are more bioftforming Haemophilusnfluenzaecell aggregates in

adenoids from children with chronic otitis medradaotitis media with effusion as
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compared to adenoids from children with obstructive sleep apnoea. A similar
association has also been noted @tAphylococcus aureasd adenoids in children
with chronic rhinosinusiti&? Thus, biofilm formation has beémplicated in recurrent
acute otitis media associated with adenoid hypertrophy, as well as persistent sinusitis,
and recurrent tonsillitis even after surgery. As well as interfering with antibiotic
penetration; the microbial films spread along the mucagdhces tdransmit
infection to nearby structures. Thus, surgery is very often needed to disrupt the

biofilms and help in better antibiotic efficacy and improvement in symptoms.

Allergy has been found to be associated with adenoid hypertrophy. Duepimsitien

of the adenoids, they are constantly exposed to allergens via the nasal and oral route.
This can predispose to an abnormal immune response and the onset of atopy. In
allergic adenoiditis, there is an increase in the number of mast cells sken in t
adenoids, as well as a class switch in the immunoglobulins produced, with more IgE
being produced and IgE levdiging elevated. Seasonal allergen exposure may be
associated with intermittent worsening of symptoms due to adenoid hypertrophy,

while peremial allergic rhinitis causes symptoms around the Y&ar.

PFAPA syndrome has also been described in relation to adenoid hypertrophy. It is an
acr onym s tperiaditfievergaphthaus ulcérgpharyngitis and cervical

adeni ti so sy npresentsm childrenh less than & yebry of age, and

clinical and laboratory evaluation is usually inconclusii is a diagnosis of

exclusion, after ruling out inherited causes. It is diagnosed by the periodicity of the
fevers, which respond poorly to gretics, and the presence of oral ulcers, throat

pain and neck nodal enlargeméhtt is a selflimiting illnessresolving in a few years,
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however adenotonsillectomy has been postulated to improve the symptoms

dramatically*®

Adenoid hypeatrophy 1T symptoms andsequelae

Adenoid hypertrophy is associated with a varied constellation of symptoms.
Symptomatic adenoidypertrophy with larger adenoidsssen in children less than 6

8 years, which is when the nasopharyngeal volume is comparatively less. The
mismatch in volume between the adenoids and nasopharynx causes the adenoids to
impinge on local structures, thus affecting their function. The features of adenoid
hypertrophy include nasal obstruction, breathing through the mouth, snoring, and
nasal discharge&evere obstructive symptoms are associated with-slisepdered
breathing, nocturnal enuresis, apneic episodes during sleep and daytime sonffolence.
When the adenoids impinge on the posterior choanae, they cause nasal obstruction,
with varying degrees afeverity. Adenoids interfere with nasal airflow by increasing

the nasal resistante higher levelsWhen nasal resistance is within the normal limits

of 2-3.5 cmHO/L/sec, the velocity of the inspired air is sufficient to ensure

oxygenation of the mosistal alveoli of the lungs. However, when nasal resistance
increases to such a degree that nasal breathing is uncomfortable and mouth breathing
starts, the velocity of inspired air decreases and thus decreases oxygenation of the
lungs. This also causedaildup of carbon dioxide and decreases lung compliance. It
can also affect cardiac function. The hypercapnea and hypoxia in blood caused by

decreased gas exchange causes respiratory acitloisisn turn causes
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vasoconstriction of the pulmonary artery@sponse to the hypoxenaad increase in
pulmonary artery pressure (WHO Classification for pulmonary hypertension group 3),
with consequent increase in the work of the right ventricle, right ventricular
hypertrophy, and right heart failure in the longméf The increase in right ventricular
filling pressure also pushes the interventricular septum to the left, thus interfering with
filling of the left ventricle. Thus longtanding right heart failure can also cause left

heart failure.

The adenoids can miegnically impinge on the opening of the Eustachian tube. This
leads to build up of negative pressure within the middle ear. Failure to release the
negative pressure after a prolonged period causes retraction of the tympanic
membrane, accumulation of fluahd secretions within the middle ear causing otitis
media with effusion, hearing loss, and can cause formation of secondary acquired
cholesteatoma asleng termsequeld” Even adenoids that do not seem to obstruct the
Eustachian tube can cause problemsnguswallowing, when they can push the
posteromedial wall of the pharyngeal opening of the Eustachian tube laterally and thus
prevent opening of the Eustachian tube. This is commonly seen in children with
allergic rhinitis, when the mucosa of the torusaxs may be oedematous. Allergy can
also cause oedema of the mucosa of the Eustachian tube, and thus lead to its
obstruction. Surfactant is present in the Eustachian tube, which decreases the work of
opening the tube and helps in maintaining patency.pfégence of bacterial biofilms
impairs the action of surfactants, and affects the ventilation of the middle ear, with its
consequent effects. It can also cause recurrent acute otitis media due to ascending

infection from the nasopharynx.
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Adenoiditis alsaauses recurrent colds, persistent sindéitisd headache, recurrent
lower respiratory tract infections, and can act as a reservoir for recurrent tonsillar
infection. Adenoid hypertrophy is also seen more commonly in children with allergy
and asthma, paytbecause allergy worsens adenoid hypertrophy, and also because

adenoid hypertrophy worsens the symptoms of allergy.

Chronic adenoid hypertrophy affects maxillofacial development, leading to the
classical 6adenoi d f aci eopeh mouthluppsrlipc o mpr i s €
retraction, crowding of teeth on the maxillary alveolar ridge, increased anterior face
height, high palatal arch, change in mandibular and tongue alignment, and dental
malocclusion®® Mouth-breathers keep their lips open, and the tenig pressed down;

the muscles of the cheek compress the alveolar process of the maxilla and mandible in
the region of the prenolars.There is loss of palatal pressure of the tongue, narrowed
palateand face, increase in the inclination of the palaté vatation to the skull base,

and increase in the height of the lower half of the face, with hypoplasia of the mid

face. Mandibular protrusion can develop due to the tongue being displaced anteriorly
and downward, and dental malocclusion can ottGommondental problems

identified in such children include crebge, open bite, and retroclined upper and

lower incisors.

In the longterm, children affected by interrupted sleep and daytime sleepiness can
show poor scholastic performance with missed schgsldad decreased attention
spans® The frequent awakenings during sleep causes decreasétEMifrapid eye
movement) sleep, which leads to increased sympathetic tone during sleep, with

intermittent increased parasympathetic activity during arousals (mfpoxaemia
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worsens), and persistent increase in sympathetic activity while awake. This causes
reduced heart rate variability. Intermittent hypoxaemia is also associated with
oxidative stress and increasedhgthmogenicity. All these contribute to the
cardiovascular canorbidities and neurological impairments associated with severe

sleepdisordered breathing.

Treatment methods

Treatment optionfor symptomaticadenoidenlargemeninclude both medical and
surgical management. Medical management includes use of topical intranasal
corticosteroids, intranasal antihistamines, topical hyaluronic acid sprays, and oral

antileukotrienes. Surgical treatment includes adenoidectomy by vanetheds.

Intranasal corticosteroids have been well studied in the management of allergic and
obstructive symptoms due to adenoid hypertrophy. This is on the basis of the presence
of raised levels of inflammatory mediators in adenoid tissue, along wititeeased

number of steroid receptors. In atopic individuals, IgE antibodies bind to receptors on
mast cells. When allergens bind to these antibodies, they trigger degranulation of mast
cells and release of inflammatory mediators. These act on the moamase

snheezing, nasal discharge and nasal congestion. The main mediators involved in this
acute phase reaction are histamine and arachidonic acid metabolites including
leukotrienes. The late phase allergic reaction, which occurs due to the influx of
monaytes, eosinophils, basophils and T lymphocytesh&sacterizedby the release

of interleukins, interferons, tumor necrosis factor alpha and other inflammatory
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proteins. These continue to stimulate the nasal mucosa and cause allergic
symptoms:>*’ Steroids act by activating the glucocorticoid receptor. Glucocorticoid
receptor is present in the cytoplasm in its inactive form. Binding of the steroid
molecule to the glucocorticoid receptor activates it, and causes it to translocate into
the nucleus, were it modulates gene expression and causes-teyahation of
cytokine production and reduction in inflammatirClinical studies have been done
using mometasone, beclomethasone, fluticasone and fluni§dlitie. studies have
shown a significant improweent in symptoms and steroid size in obstructive
symptoms due to moderate to severe adenoid hypertrophy, sometimes significant
enough to avoid surger{.The response is not always correlated to the presence of
atopy as conflicting studies have shown. Skenrh efficacy has been studied,
however the long ten effects are being exploredhi@ren often need maintenance
therapy to maintain the responsend may still require surgery for worsening
symptoms or ear symptomsThe advantages of nasal steroidslde the ease of
applicationand the decreased systemic absorptionhemde reducesystemic side
effects. The main side effects of nasal steroids include epistaxis, dryness and crusting
in the nose, and candidiasfdn terms of efficacy in symptom cant especially of
allergic symptoms, fluticasone propionate and mometasonefuroate have been

demonstrated to be the most effective, followed by budesonide and fluniégfide.

Antihistamines have been tried in the treatment of adenoid hypertrophy. In chronic
adenoiditis, there is an increase in the number of mast cells in the ad&dids.
presence of allergy and mast cell degranulation causes an increase in histamine and

other inflammatory mediators in the mucosa. Prostaglandins and leukotrienes cause an
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increase in the mucosal secretions and mucosal oedema. Histamine also induces
oedema of the Eustachian tube and with consequent otitis media with
effusion®’Azelastine is the most commonly studied intranasal antihistamine. It is a
relatively selective H1 repéor antagonist that inhibits the release of histamine from
inflammatory cells? It also has some action in inhibiting other mediators like
leukotrienes and platelet activating factor. It has a role in mast cell stabilization. It
may also interfere with thaccumulation of eosinophils at sites of allergy, and prevent
their degranulation there. Thus it helps in controlling allergic symptoms, especially
those of nasal discharge and obstruction, cough and snoring in children with adenoid
hypertrophy? Its efficacy in controlling allergic symptoms has been shown to
improve when it is administered in combination with intranasal corticosteroids like
fluticasone’® Levocabastine and olopatadine are the other intranasal antihistamine
preparations, however their eftdtas not been studied in adenoid hypertrophy. Oral
antihistamines have been used for the same reason, with improvement in nasal
congestion and rhinorrhoea, although intranasal corticosteroids are more effective. If
used, second generation antihistaminles ¢etirizine, levocetirizine and fexofenadine

are preferred to the older antihistamifies.

Mast cell stabilizershave been tried as oral and intranasal preparations in the
treatment of allergic rhinitisit has not been studied in adenoid hypertrophy. The
common drugs in this class are disodium cromoglycate and nedocromil satieyn.
have a role in blocking latghase allergic responses and acquired hypactivity by
its influence on calcium channel receptor opefiftdoweverthere isheterogeneityn

the response tmast cellinhibitors whichmeans that the compounds may not always
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work effectively in the treatemt of allergic symptomgd.his may be due to other
pathophysiological mechanisms involved in the production of allergic symptoms
which are not addressed by these dftigistranasal cromones may help in reducing
sneezing, rhinorrhoea, nasal obstruction mashl itci*, however they are less
effective compared to intranasal corticosteroids and antihistaffifiésy also need

to be taken frequently and thus, compliance may be an issue.

Anti -leukotrienesare another useful group of drugs in the treatment of allergy. They
are of two classes, leukotrienglated enzyme inhibitors and leukotriene receptor
antagonistsLeukotriene-related enzyme inhibitorsinhibit the arachidonate-5
lipoxygenase enzyme, anample of which is the drug zileutobeukotriene

receptor antagonistsblock cysteinyl leukotriene receptors and include montelukast
and zafirlukast® Cysteinyl leukotriene receptdrhas been shown to be increased in

the adenoids and tonsils of childrertwadenoid hypertrophy and obstructive sleep
apnoea. Montelukast has been studied in adenoid hypertrophy, and has been shown to
decrease the severity of snoring, mouth breathing and disturbed sleep in children with
adenoid hypertrophy. It also helps in tEasing the size of the adenoids, and this
improvement may be more marked in patients with smaller adenoids, especially if

intended to delay or avoid surgéfy®

Hyaluronic acid is a high molecular weight glycosaminoglycan that is found in the
extracellula matrix of nasal and tracheobronchial mucosa, airway secretions and
serous cells in glands. It helps in the lubrication of epithelial surfaces, and is
postulated to modulate airway inflammation by regulating the movement and

accumulation of polymorphonuedr leukocytes and monocytes. It also helps in
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mucociliary clearance, promatphagocytosis of pathogenic mieooganisms, and
helpsin preventing microbial adhesion and biofilm formation. Nasal douche with
hyaluronic acid has been shown to cause a significant moderate decrease in adenoid
size with improvement in patency of the Eustachian tube orifice, and decrease in the
number of eodes of acute otitis media in children with adenoid hypertr&pfiyt

is useful as an adjunctive therapy in the treatment of adenoid hypertrophy.

Adenoidectomy

Surgery has been the mainstay in the treatment of adenoid hypertrophy. Indications
for adenodlectomy may be classified as infective or obstructive. Infective indications
include recurrent colds and sinusitis, recurrent pharyngitis and tonsillitis, recurrent
acute otitis media, and recurrent ear discharge in chronic otitis media. Obstructive
indications include sleep disordered breathing, obstructive sleep dpriBestachian
tube obstruction causing otitis media with effusion and hearing loss, disorders of
speech like rhinolalialausa, and dental malocclusifThe surgery may or may not

be combired with tonsillectomy, myringotomy with or without grommet insertion,

and tympanoplasty with or without mastoidectomy.

Adenoidectomy is contraindicated in the presence of cleft palate or submucosal cleft
palate, due to the risk of velopharyngeal insufficie” Care should also be taken in
children with Downds sy rocipitalimstabitityfdhet o t he
presence of coagulation disorders is a relative contligation,since posbperative

bleedng complicationglo not always occuwith pre-operative derangement in
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coagulation profileS, andthe use ohewer techniques liksuction diathermy and
coblation and radiofrequency ablatidacreasgthe incidence ointra-operative
bleeding Pre-operative haemostatic work up is essentidhe presence of history

suggestive of bleeding disorder® either i

There are sever al met hods of adenoidector
Cold methods include using adenoid curette or adenotome. Wittdteat of

powered instrumentation, other methods of removal using microdebrider, and

powered shaver with both cutting and suction actions, have been used. Hot methods

include using suction diathermy, coblation and radiofrequency ahlation

All methodsinvolve shaving or removing the adenoid tissue off the posterosuperior
nasopharyngeal wall and from the Eustachian tube openings, either as a blind
procedure (when using adenoid curette or adenotome), or under vision using
endoscope or posterior nasal rr¢with all methods of adenoidectomy). The patient
I S posi ti on e d-the heaRioextendes at phe alaoteipiw@ljoint,

and the neck is extended on the chest by placing a roll below the shoulders. The

procedure is done under generalesthesia.

The LaForceadenotome used is an 18 mm wide instrument with a box at one end. It
Is inserted through the oral cavity and the adenoids are engaged in the box, following
which the box is closed. The box traps the adenoid tissue and removes is dhi

blind procedure. Adenoid remnants are not easily removed using the adenotome.

The St. Claire Thomson adenoid curette is an instrument which is available in a

number of sizes. The tip of the instrument is square, curved and fenestrated, with a
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sharpinner blade. Other variations tife instrument are also available. It is inserted
similar to the adenotome through the oral cavity into the nasopharynx. The tip of the
blade hitches on the adenoid tissue and engages it, and the sharp inner blade helps to
scrape off the adenoid tissuerin the posterior pharyngeal wall. A smaller blade can
be used to remove remnant tissue in the choanae and on the lateral walls of the
nasopharynx near the torus tubaris. Even though the procedure is started with the
patient i n Ros e bestakpnacsflextthe bead after theradendida s t o
curette is positioned, just before scraping the tissue off. This is to protect the odontoid
process of the axis vertebra from injury. The adenoid curette can be used under
endoscopic vision with better results,al the remnant adenoid tags (usually in the
choanae and along the posterior border of septum) can be engaged and removed under

vision without damage to the surrounding structures.

The microdebrider is an instrument composed of a hollow metal tuba \wltde, a

handpiece with suction, and a console with a foot pedal to control it. The blade has a
port to allow suction to act, thus pullir
it. The suction also removes blood and cut tissue from the opefegid. Blades of

different sizes and angulation are available. The speed of the blade and the direction

of rotation can be controlled by the console and the foot pedal. The microdebrider is

used under vision, either with rigid endoscopes transnasallsirog laryngeamirrors

to provide vision during debridement. It is usually safe, except for the danger of

sucking and cutting normal tissue. However, with proper handling and direction of the

debrider tip, this risk can be minimiz&d.

Suction diathermy oglectrocautery uses a current passed through a metal electrode
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with consequent heat generation. This heat helps in destroying tissue and in
haemostasis. The instrument used has a hollow centre to suction blood and smoke
from the field. The current is pas$through the metal rimwhen applied to the
adenoid tissue, it shrinks, and can be curetted out or left to fall off later. There is a risk
of nasopharyngeal scarring and choanal stenosis if the cautery tip is applied to the
normal tissue of the nasoplak, like the Eustachian tube openings, the choanal
borders including the posterior border of the septum, roof and floor of the choanae.
The suction diathermy method is always used uwderlizationeither with an
endoscope or a laryngeal mirror, andasah addressing hard to reach areas like the
choanae. Blood loss during surgery is also reduced with this method. The rates of

regrowth were comparable to conventional adenoid cureffage

Radiofrequency ablation was done by applying high frequency radesnataissue
causingan ionic agitation of the surrounding tissues, with separation of tissue. On
comparison with conventional adenoidectomy, radiofrequency ablation method had
improved immediate postperative recovery, with less pain, improved oraldfo

intake, and less dehydration. However, there was an increased risk of delayed
secondary haemorrhage. Letegm recurrence rates were comparable to conventional
curettage. The other drawbacks with this method were the cost of the instruments and

the leaning curve to use the systér.

Coblation adenoidectomy or radiofrequency ionization or plasmdiated ablation
uses a variation of radiofrequency ablation where saline is continuously irrigated into
the surgical field. The radiofrequency waves cause abiozof the saline and

formation ofplasma containing highnergy particles which can dissolve tis&U€he
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temperatures achieved were lower than that in radiofrequency ablation, with
consequent decrease in thermal damage to surrounding tissue. It bachéhe
advantages as radiofrequency ablation, with the same risk ebpesitive
haemorrhage and recurrence as conventional adenoidettdimy.expense

associated with the system was a drawl§ack.

Adenoidectomy is usually a simple procedungra-operatiely, the use of the mouth

gag can cause complications during surgery including avulsion of teeth and
temporomandibular joint dislocatianr fracture of the mandibular condylécan also

be associated with accidental withdrawal of the endotracheahtubkinking of the

tube®® These complications can be avoided by careful positioning and techimique.

the immediate posiperative period, patients often have pain in the throat or ears and
fever.Themain complications include bleeding (primary or secoy)ja

velopharyngeal insufficiency, injury to the Eustachian tube opening, nasopharyngeal
stenosis, and rarely atlantecipital dislocation and Grisel syndrome (neck pain and
torticollis due to paraspinal muscle spasm or atlactmpital dislocation§*Atlanto
occipital instability is more®andmmon in
mucopolysaccharidoseAspiration is also a possibility, either during surgery due to
displacement of the endotracheal tube, or due to unrecognized haemorrhage which can
causethe patient to swallow blood, especially while still recovering from anaesthesia.
The most significant operative complication is bleeding. Bleeding may be immediate
(recognized intrabperative or within twenty four hours of surgery), or delayed.

Delayed hamorrhage occurs due to premature clot separatibis may be

precipitated by infection or dehydratiovielopharyngeal insufficiency is usually seen
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in patients with a cleft palate (obvious or submucosal) or other palatal abnormality.
Long term, there ia risk of recurrence of adenoid hypertrophy, especially in case of

incomplete excision.

Evaluation of adenoids

The major difficulty with evaluation of adenoids is its position, which makes it hard to
assess clinically. Also, the adenoid volume needetassessed in relation to the
nasopharyngeal volume in order to correlate well with its symptomatology. Some
form of imaging or invasive testing is needed to ascertain its size. The investigations

used include the following:

0 Lateral radiography of the sku

0 Acoustic rhinometry and rhinomanometry
0 Posterior rhinoscopy

0 Video fluoroscopy

0 Endoscopic evaluation

Lateral radiography of the skull

Lateral radiography of the skull may be lateral cavum (nasopharyngeaisX or

lateral cephalometric Xays. For lateal cephalometric Xay, or lateral cephalogram,

Is a standardized sagittal viewrXxay of t he skull, taken usi
The position of the head is fixed using a cephalostat or craniostat. The craniostat has
two Perspex arms withanearpie or rod attached, which i

external audi tory canal, thus i mmobil i zi
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head should be vertical and parallel to the cassette. The horizontal plane of Frankfurt
(a plane passing thrgh the inferior borders of the bony orbits and the upper margins
of the external auditory meatus) should be parallel to the floor. The ear pieces contain
metal markers, which are aligned and superimposed to ensure proper centering. The
patient is made tol@ase the mouth and bite, breathe gently through the nose, and keep
the lips relaxed. The -Xay beam is centred on the external auditory meatus of the
patient with the help of the metal ear pieces as guidelines. Frag eam is
collimated so that the remn of the skull above the orbits and the lower part of the
cervical spine is protected from radiation. The film is placed at a distance of 150 to
200 cm from the Xray source. The lateral cephalometrigays are usually ordered in
dentistry, and makes usé several reference points in the bone and soft tissue. These
reference points can be manually or digitally recorded and anaf/§ad.cavum X
ray or lateral nasopharyngealr®y is mainly used by otolaryngologists, and does not
use fixed head positiamg, with the central beam of-days being directed to the
nasopharynx. Thus there is a chance of movement artefacts. The interpretation is
subjective as head position is not fixed. However, this leads to simpler amdlses
adenoid sizend is easyo usein clinical application. The lateral cephalometric and
nasopharyngeal-xays have been compared for use in assessing adenoid hypertrophy.
While lateral cephalometric-Xays were good for assessing the size of the adenoids,
the assessment of nasophamalgairway was not as good as in lateral nasopharyngeal
X-ray. This was attributed to the fact that the adenoid, being a simpler three
dimensional structure than the nasopharynx, was more faithfully shown in the two

dimensional Xrays®’ However, other studs have shown equivalence between the
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lateral cephalometric and nasopharyngeabys®®°

Acoustic rhinometry and rhinomanometry

Acoustic rhinometry is a neimvasive test that assesses the ceestional area of the

nose using acoustic measurements based on the distance from the nostril. Patient
cooperation required for the procedure is minimal and the test can be easily performed
in children without sedation. Sound waves travelling through the nose are reflected by
the various anatomical structurethe time taken for these reflections is a measure of

the distance the waves travelled in the nose and helps in identifying therlcfahe
obstruction. Rhinometry helps in measuring nasal volume, but is accurate only for the
initial 5-6 cm from the nostrils (till the migosterior end of the middle turbinate).

Thus the nasopharyngeal volume cannot be measured accurately.

Rhinomammetry is the gold standard test for measurement of nasal airway resistance.
This is calculated from two valueshe nasal air flow and the tranasal airway

pressure. Rhinomanometry can be active or passive, anterior or posteriormagadst

In anteror rhinomanometry, the pressure transducer is placed at the opening of the
nostril that is not being tested. In posterior rhinomanometry, the transducer is kept at
the posterior oropharynx. In the pestsal method, the transducer is placed in one of
the posterior choanae. The active technique implies that the patient breathes through
one nostril while the pressure is measured in the other nasal cavity. In the passive
technique, a steady flow of air is passed through each nasal cavity while the patient
holds his breath and the pressure is measured separately for each side. Anterior

rhinomanometry may be active or passive, while posterior rhinomanometry is usually
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done with the active method. The method of choice according to the International
Committee on &ndardisation of Rhinomanometry (ICSR) is the active anterior
method using a face mask with adhesive tape used to occlude the nasal vestibule (the
tape does not deform the vestibule). Active anterior rhinomanometry has the
advantage of being a relativeigpid procedure, with graphic registration. However, it
cannot be done in patients with septal perforation, and only one nostril can be
recorded at a time. The mask or nasal pieces used can also interfere with the test.
Passive anterior rhinomanometry denused even if one nostril is obstructed and also
gives a graphic representation, however it is expensive and patients may not always be
able to cooperate in maintaining apnoea during the test. It can be used as a screening
tool for larger groups. In pastior rhinomanometry, nasal deformation is avoided and
total nasal resistance can be measured even in the presence of septal perforation,
however it is timeconsuming and the two nostrils cannot be studied separately. It can
be used in patients with sepparforation, and has been used in nasal breathing

research.

In active anterior rhinomanometry, a mask is attached which has a pneumotachometer
that has a pressure transducer. The pressure transducer measures tiasaians

pressure and converts the pressdifference into a voltage signal that is recorded by a
computer. The pressure transducer is placed anteriorly at the opening of-teetnon
nostril, and the patient is asked to breathe normally. The patient breathes through the
test nostril while thg@ressure is measured in the occluded orteshnostril. The

results are plotted graphically as a change in nasal airflow against the nasal pressure

differential. The nasal airway resistance (pressure / flow) and the maximum resistance
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(resistance at thgeak pressure or flow point) can be measured and analysed.

Normal total resistance varies between 0.15 and 0.39 Baeth with a mean of

0.23 Pa crii sec'.® Nasal resistance measures about 1.2 Pasad in infants™*?,

and it gradually decreasesth age to reach the normal adult value by the age of 16 to
18 yearsThereafter there is a gradual decrease in nasal resistance as the age
increase$® Physiological variations in resistance can be reduced by decongesting the
nose, thus allowing the valsi¢o reflect the anatomical characteristics affecting the

resistancé?

Rhinomanometry has not been routinely used, partly due to the time needed to
perform the test, the expense of the equipment, and also due to the poor correlation
between nasaksistance and subjective sensation of nasal obstrictiasal

resistance is dependent upon many physiological variables that can interfere with the
measurementsthis explains the poor correlation seen using rhinomanometric
measurements to diagnose aoie hypertrophy. If used in the evaluation of adenoids,

it is recommended that the nose be decongested prior to the test in order to
differentiate between adenoid hypertrophy and other causes of nasal obstruction. It
also helps in differentiating betwetwer grades of adenoid hypertrophy which may
be due to mucosal inflammation and will revert with decongestion, as against the
higher grades of adenoid obstruction which persist in spite of decongestion. This can
help in patient selection for surgery, espdy in correlation with the nasal

endoscopic finding®>
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Posterior rhinoscopy

Posterior rhinoscopy involves examining the nasopharynx using a plane ifimeor.

patientt s seated comfortably, the tongue is
and he mirror is introduced along the tongue depressor to just behind the uvula,

facing upward. The mirror used is an acutely angled plane mirror with an angulated
handle to allow easiefisualization With the patient breathing gently through the

nose, the stictures in the nasopharynx canigualized The pharynx should be
anaesthetised with a topical spray prior to the procedure in order to prevent triggering

the gag reflex.

Figure 4: Diagrammatic representationof structures seen on poshasal mirror

examination

Using the posterior rhinoscopy mirror, the strucswisualizedinclude the posterior

end of the nasal septum, the inferior turbinate, the middle and superior turbinates with



