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Preface

Our fundamental understanding of rhinological disorders has improved substantially over
the last three decades. Nowadays, the sinonasal region is considered as one physiological
functionally separate unit that can be affected by disorders of different etiopathogenesis
with variable structural histopathology manifestations.

This progression has been facilitated by advances in basic and clinical research, new methods
of endoscopic visualization, high-resolution CT scans, the global exchange of experience, and
the new guidelines agreed upon by various prestigious international scientific committees.

The umbrella of rhinology disorders is wide. It involves variations in anatomical structures,
allergy, inflammation, cosmetic deformity, trauma, and tumors. These disorders have com-
mon indistinguishable and nonspecific presenting symptoms that require accurate knowledge
and clinical skills to reach the correct diagnosis so the proper management plan can be set.

This book highlights certain topics concerning rhinological disorders that have been

left unexplained by other literature. The first section of this book reviews the complex
embryology and anatomy of the sinonasal region in a concise yet precise method covering
all the essential clinical data that the reader needs to understand.

Nonallergic (intrinsic) rhinitis is a multifactorial common disorder that is usually misdi-
agnosed as allergic rhinitis because of the similarity between their symptoms. The peculiar
aspect of this subject is thoroughly explained in the medical rhinology section. In another
chapter in this section, the intricate relationship between rhinology disorders and neuro-
psychological health is unraveled, offering valuable insights and strategies to emphasize the
importance of addressing both the physical and psychological aspects of rhinology disorders.

Effective management of refractory chronic rhinosinusitis and other complex sinonasal
conditions by various extended sinus surgical approaches and techniques is explained in
the surgical rhinology section. A separate chapter in this section discusses the application
of medical lasers in rhinology and provides inspiration for exploring new ideas of medical
lasers in this field.

Pathology in the sinonasal region is common, and its manifestations can present in differ-
ent medical specialties. The present book covers certain rhinology disorders that are often
neglected elsewhere.

Mohannad Al-Qudah, MD, FAAOHNS, FACS
Professor of ORL-HNS,

Jordan University of Science and Technology,
Irbid, Jordan
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Chapter1

Surgical Anatomy of the Nose
and Paranasal Sinuses

Basma S. Almaadani

Abstract

This chapter delves into the intricate surgical anatomy of the nasal cavity and
paranasal sinuses, highlighting their relevance in otolaryngological procedures.
Understanding these anatomical details is crucial for performing safe and effective
surgical procedures, minimizing complications, and enhancing patient outcomes. By
integrating anatomical knowledge with clinical insights, this chapter aims to equip
surgeons with a comprehensive understanding necessary for successful surgical
intervention of nasal and sinus pathologies.

Keywords: anatomy, nasal cavity, paranasal sinuses, skull base, surgery

1. Introduction

The anatomical complexity of nasal cavity and paranasal sinuses is heightened by
the proximity of significant surrounding structures, including the orbits and skull
base which demand meticulous surgical navigation.

This chapter elucidates the basic anatomy of the nasal cavity and paranasal
sinuses, emphasizing their clinical significance and the intricate relationships with
adjacent critical structures. Mastery of this anatomical knowledge is imperative
for the otolaryngologist to perform precise and safe surgical interventions, thereby
optimizing patient outcomes and reducing intraoperative risks.

2. External nose anatomy

The external nose is composed of both bony and cartilaginous structures (osteo-
cartiliginous framework), providing it with support and shape.

The bony part of the nose consists primarily of two nasal bones united in the mid-
line by internasal suture. These nasal bones articulate with the frontal bone superiorly
through the nasal process of the frontal bone and to the maxillary bones laterally
through the frontonasal process of the maxilla (Figure1).

The cartilaginous part of the nose consists of the nasal septum in the midline; in
addition to the upper lateral cartilages and lower lateral cartilages (also known as allar
cartilages).

The nasal septum divides the nasal cavity into two sides. It consists of the columel-
lar septum which is the most anterior part of the septum, it is formed by the medial
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Figure 1.

Showing the terminology for nasal surgery topography and the external nasal osteocartilaginous framework.

1: upper lateral cartilage; 2: lower lateval cartilage; 3: accessory cartilage; 4: cartilaginous part of nasal septum;
5: frontonasal process of maxilla; 6: nasal bone; 7: fibroconnective tissue. Adapted from Ref. [1].
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Figure 2.
Illustration of the nasal septum anatomy parts. Adapted from Ref. [2].

crura of alar cartilages which are connected by fibrous tissue and covered by skin.
The membranous part of the septum, which lacks any bony or cartilaginous support,
is situated between the columella and the lower edge of the septal cartilage. These two
parts of the septum can be movable from side to side. The septum proper consists of
an osteocartilaginous framework covered by nasal mucosa. The cartilaginous part is
formed by the quadrangular septal cartilage anteriorly while the bony part is com-
posed of the perpendicular plate of the ethmoid postero-superiorly and the vomer
postero-inferiorly (Figure 2).

3. Blood supply and lymphatics

The nose is richly supplied with blood, with arterial contributions from both
the internal carotid (including the anterior and posterior ethmoid arteries from the
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ophthalmic artery) and the external carotid (including the sphenopalatine, greater
palatine, superior labial, and angular arteries).

The dorsal nasal artery, a branch of the ophthalmic artery, traverses the medial
palpebral ligament to reach the dorsum of the nose, primarily supplying the bony
portion of the external nose. Meanwhile, the external carotid artery gives rise to the
facial artery, which provides branches to the cartilaginous part of the external nose;
however, these branches are not specifically described in anatomical terminology [3].

The superior part of the nasal septum is nourished by the anterior and poste-
rior ethmoidal arteries, as well as the sphenopalatine artery. The anterior septum
and nasal floor receive blood from terminal branches of the superior labial artery.
Kiesselbach’s plexus, also known as the Little area, is located in the lower anterior
third of the nasal septum and is formed by the convergence of the superior labial,
anterior ethmoidal, greater palatine, and sphenopalatine arteries.

The venous drainage of the nose, which mirrors the arterial pattern, is carried out
by the anterior facial vein, the sphenopalatine vein, and the ethmoid veins. Notably,
these veins directly communicate with the cavernous sinus and lack valves, facilitat-
ing the potential intracranial spread of infections. Lymphatic drainage from the nose
flows anteriorly through the upper lip lymphatics and posteriorly through the deep
cervical and retropharyngeal lymph nodes [4].

4. Nasal cavity

The nasal cavity is a complex structure comprising two cavities separated by the
nasal septum, with each cavity having distinct anatomical features including the
anterior nares, choana, roof, floor, medial, and lateral walls. The anterior nares are
bounded by the columella medially and the ala laterally, while the choana is framed
by the vomer medially and the medial pterygoid plate laterally. The cribriform plate
of the ethmoid bone forms the roof of the nasal cavity, while the hard palate makes
up the floor.

The medial wall of the nasal cavity is formed by the nasal septum which is
comprised of cartilaginous and bony parts; the quadrangular cartilage being antero-
inferiorly, the perpendicular plate of the ethmoid bone being postero-superiorly and
the vomer is postero-inferiorly.

The lateral wall features three turbinates (conchae) and four corresponding spaces
(meatuses), with the inferior turbinate being the largest and highly vascular, located
above the inferior meatus where the nasolacrimal duct opens. The middle turbinate
is of moderate size and is located centrally within the nasal cavity. Below it lies the
middle meatus, which contains several notable structures: the bulla ethmoidalis, the
largest cell of the anterior ethmoid sinus; the hiatus semilunaris, a semilunar groove
below the bulla; and the uncinate process, a bone shelf medial to the bulla. The
osteomeatal complex (OMC), crucial for drainage of the anterior group of sinuses,
is bounded laterally by the lamina papyracea and medially by the middle turbinate.
The superior turbinate is the smallest and highest, with the superior meatus below it,
where the posterior ethmoid sinus opens. The sphenoethmoidal recess, located above
the superior turbinate, drains the sphenoid sinus.

The nasal valve, the narrowest part of the nasal cavity, is located at the junction of
the lower and upper lateral cartilages near the anterior end of the inferior turbinates.

The lateral nasal cavity, with its intricate anatomy, will be explored further in this
chapter.
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5. Ethmoid bulla

The ethmoid bulla is a prominent anterior ethmoid air cell originating from the
lamina papyracea along the medial wall of the orbit. Despite the intricate nature of eth-
moid bone anatomy, the ethmoid bulla remains the most recognizable and dependable
ethmoid cell. It is located medial to the lamina papyracea, anterior to the vertical basal
lamella of the middle turbinate, posterior to the uncinate process and postero-inferior
to the frontal recess. Roughly 92% of patients exhibit well-pneumatized ethmoid
bullae, making it a reliable landmark for anterior ethmoid sinuses during endoscopic
procedures. In the remaining 8% of patients, the ethmoid bulla is either minimally
pneumatized or completely absent, a condition referred to as torus lateralis [5].

6. Uncinate process, ethmoid infundibulum, and hiatus semilunaris

Uncinate process, a hook-shaped projection, is located anterior and inferior to the
ethmoid bulla. Starting superiorly, near the agger nasi region at ethmoidal crest of
the maxilla, the uncinate process extends downward and backward ending in a free
edge with no bony attachment. This curving will result in both vertical and horizontal
portions to the uncinate process (Figure 3).

The way the vertical portion of the uncinate process attaches superiorly is signifi-
cant, since it can influence the layout of the frontal recess and the outflow pathway of
the frontal sinus. Not recognizing this alignment can result in insufficient drainage of
the frontal sinus after surgery.

Most often, the uncinate process attaches laterally to the lamina papyracea. In
this alignment, the frontal sinus drains medially to the uncinate process insertion
and directly into the middle meatus. In uncommon instances, the uncinate process
attaches to the upper section of the middle turbinate or directly to the skull base. In
these scenarios, the frontal sinus drainage route will be lateral to the uncinate process,
flowing into the ethmoid infundibulum [6].

Hiatus semilunaris, a two-dimensional space between the posterior free margin of
the uncinate process and the ethmoid bulla that serves as an “entrance” to the three-
dimensional ethmoid infundibulum.

The ethmoid infundibulum is a channel that is bordered anteromedially by the unci-
nate process, posteriorly by the ethmoid bulla, and laterally by the lamina papyracea.

Figure 3.
Parasagittal cadaveric dissection of the lateral nasal wall. The arrows are demonstrating the hook-shaped
uncinate process with its vertical and horizgontal parts. (*) Ethmoid bulla [6].
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This structure is important because it acts as an innate drainage channel for the
maxillary sinuses and often the frontal sinuses.

7. Agger nasiregion

Agger nasi is an area of ridge bone on the anterior region of lateral nasal wall,
when pneumatized, it is identified as an agger nasi cells which are the most anterior
ethmoid sinus cells. The agger nasi region is bordered superiorly by the frontal sinus,
superiorly and posteriorly by the frontal recess, by nasal bones anteriorly and by
anciante inferomedially. Recognizing and excising the agger nasi cell is essential in the
surgical management of frontal sinus disease, as it often plays a major role in narrow-
ing the frontal recess and sinus outflow tract [5].

8. Middle turbinate

The middle turbinate consists primarily of three sections, oriented in various
planes and firmly attached to the lateral nasal wall, orbit, and skull base.

Figure 4.

G;%)sx cadaveric dissections of the lateral nasal wall. (A) The three turbines are unbroken and in position. (IT)
Inferior turbinate; (MT) middle turbinate; (ST) superior turbinate. (B) The vertical and horizontal portions of
the MT basal lamella can be seen (arrows) after the parasagittal sections of the MT and ST have been excised.
(C) The anterior ethmoid cavity is separated from the posterior ethmoid cavity by the vertical and horizontal
parts of the MT basal lamella (demarcated in a black line) [6].
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The anterior part of the middle turbinate, which is the first portion of the middle
turbinate to be seen during anterior rhinoscopy or nasal endoscopy, is oriented in the
sagittal plane. It is attached anterosuperiorly to the crista ethmoidalis of the maxilla,
and base of the skull near the lateral lamella of cribriform plate of the ethmoid bone
with a free edge anteroinferiorly.

The middle turbinate basal lamella has a vertical part which is aligned in the
coronal plane and a horizontal part aligned in an axial plane (Figure 4).

The vertical part divides the anterior and posterior ethmoid complexes and
attaches to the skull base superiorly and to the lamina papyracea laterally. The horizon-
tal part, which forms posteriorly, can be used to locate the sphenopalatine foramen.

Pneumatization of the middle turbinate is possible and the nomenclature of these
structures is determined by the location of the pneumatized portion. It is referred to
as a concha bullosa if the anterior parasagittal-oriented portion is pneumatized and
itis referred to as an interlamellar cell if the vertical section of the basal lamella is
pneumatized [5].

9. Posterior ethmoid complex

The posterior ethmoid sinus is bounded anteriorly by the vertical portion of the
middle turbinate basal lamella, posteriorly by an anterior wall of the sphenoid sinus,
laterally by the laminia papyacea and superiorly by the skull base.

An Onodi cell, which is the term anatomical variant, is a highly pneumatized
posterior ethmoid cell that has persisted in growing superolaterally in relation to the
true sphenoid. Studies have shown that the incidence of sphenoethmoidal air cells in
individuals ranges from 3.4 to 60%, a variation that is probably attributed to differ-
ences in definitions rather than actual rates of occurrence [7].

Since the term “sphenoethmoid cell” better describes the anatomy in this region,
it is now preferred over “Onodi cell.” sphenoethmoidal cell when present can be
mistaken for a sphenoid sinus. Before sinus dissection, radiographic identification of
sphenoethmoid cells is crucial to avoid incomplete dissection that may result from not
identifying them beforehand.

The other primary reason for the significance of these air cells is that they are
situated in close proximity to the internal carotid artery and optic nerve, with a mere
0.03 mm (median 0.08 mm) of bone dividing them [7].

10. Ethmoid roof and skull base

The anterior skull base is divided by the middle turbinate vertical lamella into the
cribriform plate medially and the roof of the ethmoid laterally. The ethmoid roof is
made up of two parts: a thinner vertical portion, named the lateral cribriform plate
lamella (LCPL), and the thicker horizontal portion named fovea ethmoidalis which
an extension of the orbital plate of the frontal bone.

The skull base is thicker laterally and as it gets medially it becomes thinner reach-
ing only (0.2 mm thickness) along the cribriform plate which represents the thinnest
point in the anterior skull base and the most frequent location for iatrogenic cerebro-
spinal fluid leaks during sinus surgery [6].

Furthermore, there is a positive correlation between the depth of the olfactory
cleft and the chance of iatrogenic injury during surgery. The ethmoid roof is classified
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by Keros classification system into—shallow type I (1-3 mm), medium type II

(4-7 mm), and deep type III (8-16 mm). As the depth increases the risk for complica-
tions increases during endoscopic endonasal surgery which can include CSF leak or
intracranial hemorrhage [8].

10.1 Maxillary sinus

Out of all the paranasal sinuses, the maxillary sinus is the biggest and the first to
develop. The maxillary sinus is positioned within the maxillary bone, it has a pyramid
shape, with its base near the nasal cavity and its apex directed toward the zygomatic
bone. The boundaries of the maxillary sinus include the floor, which is formed by the
alveolar process of the maxilla housing the roots of the maxillary teeth; the roof is
formed by the floor of the orbit; the medial wall is formed by the lateral nasal wall;
and the lateral wall is facing the zygomatic process.

The usual opening of the maxillary sinus is through a single natural ostium
positioned in the posterior part of the ethmoid infundibulum. Nonetheless, up to
23% of patients may develop accessory ostia through the anterior or posterior fonta-
nelles. These fontanelles are situated in the lateral nasal wall and lack bone; in some
instances, the mucosa and connective tissue covering them are insufficient, creating
an alternative drainage route for the sinus [6].

The maxillary sinus can show different levels of pneumatization and occasionally,
hypoplasticity. The orbital contents tend to fill a greater volume of the midface as
the volume of the maxillary sinus decreases. Due to the increased orbital volume-to-
maxillary sinus volume ratio in cases of maxillary sinus hypoplasia, paranasal sinus
surgeons need to proceed with caution during surgery. The uncinate process is often
shifted inferolaterally and positioned near the orbital wall in cases of the hypoplastic
maxillary sinus. Furthermore, marked degrees of maxillary sinus hypoplasia may be
associated with an underdeveloped uncinate process because of their shared develop-
mental origins [5].

10.2 Sphenoid sinus

Positioned within the sphenoid bone at the central skull base, the sphenoid sinuses
are a pair of large paranasal spaces found posterior to the ethmoid sinuses. The
natural ostium of the sphenoid sinus connects the sphenoid sinus with the roof of the
nasal cavity via the sphenoethmoidal recess.

The sphenoid ostium opens in the anterior superior wall of the sinus and it is situ-
ated approximately 1.0-1.5 cm above the superior edge of the posterior choana and
it is typically situated approximately midway between the posterior insertion of the
superior turbinate and the nasal septum [5].

Due to its variability, the sphenoid sinus is one of the most complex sinuses. Its
proximity to critical neurovascular structures makes it challenging for endoscopic
surgeons to navigate [9]. These relationships include the pituitary gland which is
located posterior and superior to the sphenoid cavity. Above it lies the optic chiasm,
with the optic nerves extending laterally toward the orbital apices. The internal
carotid arteries are positioned lateral to the pituitary gland and clivus, often creat-
ing impressions in the sphenoid sinus walls and forming the opticocarotid recesses.
The cavernous sinus, which houses oculomotor; trochlear; ophthalmic and maxil-
lary divisions of trigeminal; and abducent cranial nerves, is situated lateral to the
sphenoid sinus.
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Additionally, the vidian nerve can be seen as an impression along the inferolateral
aspect of the sinus floor. Understanding these anatomical relationships is vital to
avoid damaging these structures during surgery.

The right and left sphenoid sinuses are separated by a sphenoid intersinus septum.
It is common for these sinuses to develop unevenly, and demonstrate differences in
size and pneumatization. When planning sphenoid sinus surgery, it is essential to
thoroughly assess the sphenoid intersinus septum. This septum can deviate to one
side and may attach near critical structures like the internal carotid artery or optic
nerve [10].

Awareness of the anatomical layout and positioning of these neighboring struc-
tures can make interventions considerably safer, given the potentially devastating
outcomes of damaging any of them.

10.3 Frontal sinus

The frontal sinus has a trapezoidal or triangular shape and it develops last among
the paranasal sinuses. In newborns, the frontal sinus (FS) is barely noticeable, but
it becomes detectable on radiographs around age 4. Its growth parallels that of the
craniofacial area, attaining its maximum size approximately at age 18 [11].

The frontal sinus is bounded inferiorly by the orbital roof, anteriorly by the ter-
minal frontal table of the frontal bone, and posteriorly by the posterior table dividing
the sinus from the brain.

Despite the notable anatomical differences in the frontal sinus area, the right and
left frontal sinuses are divided by a thin bone known as the frontal intersinus septum.
The right and left frontal sinuses are often unequal in size, with the septum lean-
ing toward one side. The frontal sinus is commonly bilateral; however, it might be
unilateral in up to 15% of cases and absent in 8% of cases [12].

In some cases, the septum becomes pneumatized, resulting in an intersinus septal
cell that can drain into the left or right frontal sinus. Surgeons may mistakenly think
they have drained the opposite sinus by entering this cell.

Other pneumatized cells that should be taken into consideration in the frontal
sinus region are the supraorbital ethmoid cells, which extend over the orbit, as they
can also confuse without proper preoperative imaging.

Connecting the frontal sinus to the anterior ethmoid cells, the frontal recess is
an inverted cone featuring a narrow upper end at the internal frontal ostium and a
broader lower end that merges into the anterior ethmoid cells. Endoscopic surgeons
need to have a comprehensive understanding of the frontal recess.

Despite that the drainage pathway can vary based on the superior insertion of
the uncinate process, the frontal recess bony structures remain fairly the same. The
frontal recess is bound medially by the anterior superior portion of the middle tur-
binate and laterally by the lamina papyracea. The frontal sinus forms its upper limit
while the nasal cavity forms its lower limit. The agger nasi cells constitute the anterior
border and the ethmoid bulla forms the posterior border [11].
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Abstract

Non-allergic rhinitis (NAR) is a heterogeneous nasal disease with high global
prevalence. While the specific factors contributing to the origin of NAR remain
uncertain, there is indication that neurogenic factors play a significant role in the
development of NAR. There are seven subtypes with overlapping presentations,
including senile or geriatric rhinitis, gustatory rhinitis, drug-induced rhinitis, hor-
monal rhinitis, smokers’ rhinitis, occupational rhinitis and idiopathic rhinitis. The
approach to treatment is focused on alleviating symptoms and parallels the methods
used for allergic rhinitis. Patients are advised to minimize exposure to identified
triggers whenever feasible. Initial treatments involve the use of primary interven-
tions such as intranasal corticosteroids, intranasal antihistamines, and intranasal
ipratropium. Combination therapies may be considered if single interventions do
not effectively manage symptoms. The surgery is considered in patients refractory
to medical therapy, the reduction of inferior turbinate hypertrophy is a surgical
procedure with an excellent outcome, besides the selective neurectomy of the vidian
branches, has also proven to be effective.

Keywords: idiopathic rhinitis, endotypes, subtypes non allergic, intranasal
corticosteroid, intranasal antihistamines, nasal surgical procedures

1. Introduction

Rhinitis constitutes an alteration of the nasal mucosa and stands out as one of the
prevalent reasons for medical consultations globally. Its incidence has shown a rising
trend over time. This condition is notably widespread in both Europe and America,
with geographical variations possibly attributed to diverse environmental conditions,
lifestyle factors, and host-related risk factors [1, 2].

The classification of rhinitis includes infectious rhinitis, allergic rhinitis, non-
allergic rhinitis, and mixed rhinitis. Although non-allergic and allergic rhinitis exhibit
certain overlapping symptoms, they diverge in terms of treatment approaches,
affected demographic groups, and underlying pathophysiology [2]. Figure 1 shows
the phenotypes of chronic rhinitis.

Infectious rhinitis, as its name implies, is a condition triggered primarily by a
virus, and to a lesser proportion, by bacteria, commonly recognized as the common
cold. Symptoms encompass the presence of discolored nasal secretions, nasal obstruc-
tion or congestion, and the formation of crusts [3].
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Phenotypes of chronic rhinitis.

Allergic rhinitis is caused by IgE mediated reactions to inhaled allergens that trigger
atype 2 immune reaction that starts in childhood and usually have seasonal exacerba-
tion of symptoms. It is associated to asthma and conjunctivitis. Treatment included
allergen avoidance, topic corticosteroid, antihistamines, and immunotherapy [2, 4].

Nonallergic rhinitis is a chronic condition that starts later in life which is defined
as inflammation or dysfunction of the nasal mucosa present for at least 12 weeks per
year without any indications of allergic sensitization. Diagnostic tests capable of
detecting allergies include allergic skin tests, measurement of total immunoglobulin E
(IgE), and specific serum IgE assays for certain allergens [1, 3, 5].

To establish a diagnosis of chronic rhinitis, it is necessary for two nasal symp-
toms to be consistently present for at least 1 hour each day. These symptoms include
rhinorrhea (anterior or posterior), nasal obstruction or congestion, sneezing or
nasal itch, cough, hyposmia, facial pressure, and eustachian tube dysfunction. These
symptoms can be categorized as perennial/persistent, intermittent, or triggered by
non-immunologic factors such as irritants, environmental humidity, or temperature
variations [3, 5-7].

Mixed rhinitis has the characteristic of presenting several etiologic factors,
whether known or not, that is why the diagnostic must be precise and a nasal endos-
copy should be done to identify the presence of chronic rhinosinusitis with or without
polyps and anatomic factors that may increase symptoms and are completely different
pathologies [3].

2. Epidemiology

Limited data are available regarding the prevalence of general rhinitis, with even
fewer statistics on Nonallergic rhinitis. However, estimates indicate that over 70 mil-
lion individuals in the United States and 200 million globally are affected by chronic
rhinitis. The European Community Respiratory Heath Survey (ECRHS), the most
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extensive international multicenter study on prevalence, reported a median self-
reported nasal allergy prevalence of 20.9% in 1995, focusing on Western European
countries. Notably, it did not delineate the prevalence of Nonallergic or allergic
rhinitis. The absence of prevalence data for nonallergic rhinitis is attributed to the
lack of a standardized definition and diagnostic criteria, as highlighted by Hellings.
Nonetheless, Greiwe et al. proposed mechanistic theories involving autonomic
dysfunction, resulting in altered sympathetic activity or parasympathetic overactiv-
ity. These mechanisms also encompass changes in the expression of receptor potential
channels on sensory nerves in the nasal mucosa, serving as irritant sensors, and the
involvement of neuropeptides leading to vasodilation and transudation [3, 7, 8].

Savoure et al. perform a study of worldwide prevalence of rhinitis and described
unspecified rhinitis prevalence at 29.4% (1.1 to 63.3%), allergic rhinitis with 18.1% (1
to 54.5%) and 12% for nonallergic rhinitis (4 to 31.4%). They classified the median
prevalence based on symptoms at 16.4% and based on IgE definition at 31.4% for
nonallergic rhinitis. Bernstein et al., reported prevalence of 23, 34 and 43% for nonal-
lergic rhinitis, mixed rhinitis, and allergic rhinitis respectively [7].

Between the prevalence reported Savoure et al. found studies from Europe, Africa,
Asia, Oceania and America for non-specific rhinitis and allergic rhinitis but there
were no data from America, Africa, and Oceania for nonallergic rhinitis. For Asia
reported prevalence were ranging from 4 to 31.4% and for Europe 5.5 to 23.5% [9].

Savoure et al. in another study reported general prevalence of rhinitis were 53.4%,
allergic rhinitis 36.5% and nonallergic rhinitis 16.9% and the onset of allergic rhinitis
were 10 years earlier compared with nonallergic rhinitis which is consistent with
Dykewicz that explain a study perform by Rondon et al. in which compared nonaller-
gic and allergic rhinitis and demonstrated that patients with nonallergic rhinitis tend
to be older and have severe symptoms and unlikely association to asthma. Savoure
etal. reported in their study that moderate to severe rhinitis was found in higher
percentage in nonallergic rhinitis (40%) compared with allergic rhinitis (24%) [1, 2].

Dykewicz et al. estimated nonallergic rhinitis affect 17-52% of adults in the United
States and 34% may have a mixed rhinitis [1].

An important difference between nonallergic and allergic rhinitis is the seasonality
of symptoms. Savoure et al. referred allergic rhinitis increased from March to June
(spring) and nonallergic rhinitis increased during winter and decreases from May to
September which is demonstrated in Figure 2 [2].
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Figure 2.
Seasonality of symptoms of nonallergic rhinitis (NAR) and allergic rhinitis (AR) [2].
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3. Histopathology of allergic rhinitis and non-allergic rhinitis

In the inflammatory process of rhinitis, the hair cells decrease and the number of
goblet cells responsible for: rhinorrhea increased; capillary permeability causing edema
and nasal obstruction [10], with stimulation of nerve endings responsible for sneezing
and neuromodulators that recruit more inflammatory cells [11]. Chronic hypertrophic
is characteristic with loss of cilia and a tendency to squamous metaplasia [12].

In their research, Rios et al. discovered that histological examination of allergic
rhinitis revealed a noteworthy increase in remodeling across all patterns, including
epithelial markers and edema, except for fibrosis. Within the stromal marker, there
was an elevated occurrence of subepithelial edema, and this was directly proportional
to the presence of more than 10 eosinophils per field. This finding is clinically associ-
ated with heightened obstruction and severity of the condition [13].

Fibrosis was more frequently identified in the non-allergic variant, although this
observation did not reach statistical significance. The collagen deposition in these
cases is influenced by the upregulation of transforming growth factor beta [14].

3.1 Non-allergic rhinitis phenotypes

NAR needs to be differentiated from rhinitis patients experiencing an allergic
response localized to the nasal mucosa, which is commonly referred to as local allergic
rhinitis (LAR) [3]. NAR is characterized by rhinorrhea, blocked nose, sneezing, and/
or itchy nose without clinical signs of infection or allergy. Figure 3 shows the sub-
types of non-allergic rhinitis [12].

Nonallergic noninfectious rhinitis (NANIR) encompasses a diverse set of patients
experiencing rhinitis without apparent signs of infection, such as discolored secre-
tions, and lacking systemic indications of allergic inflammation, such as allergen-
specific IgE in the blood. Subcategories within NAR include drug-induced rhinitis,
rhinitis associated with aging, hormonal rhinitis, including pregnancy-induced
rhinitis, nonallergic occupational rhinitis, gustatory rhinitis, and idiopathic rhinitis
[15-18]; its phenotyping is essential for choosing the best treatment option [19, 20].

3.1.1 Subgroups of NAR
3.1.1.1 Senile rhinitis or vhinitis

Senile rhinitis or rhinitis in elderly is characterized as rhinitis occurring in
individuals aged 65 years and older, constituting an often-overlooked condition
that impacts up to 29.8% of the population in this age group. The diagnosis of senile
rhinitis typically pertains to individuals experiencing bilateral watery nasal secretions
in the absence of endonasal mucosal or anatomical abnormalities. The symptoms are
attributed to neurogenic dysregulation and are considered to arise late in onset [9].

3.1.1.2 Gustatory rhinitis
Is marked by a runny nose following the consumption of hot and spicy foods. This

phenomenon is thought to be triggered by a gustatory reflex linked to an overactive
neural system that is nonadrenergic, noncholinergic, or peptidergic [9].
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Diagnosis of chronic rhinitis [3].

3.1.1.3 Occupational rhinitis

Is characterized as inflammation of the nasal mucosa resulting from exposure to
a specific work environment and must be differentiated from “work-exacerbated”
rhinitis [6]. Substances linked to occupational rhinitis include allergens of both
high and low molecular weight (HMW and LMW) as well as irritants, according to
reports. HMW agents could trigger a typical allergic inflammation mediated by IgE.
The mechanisms behind chronic inflammation caused by LMW molecules are not
clearly understood [9].

Prolonged exposure to occupational agents may lead to the development of asthma
in patients. Recognizing occupational rhinitis is crucial for preventing occupational
asthma. Rhinitis can emerge anew following prolonged exposure to airborne irritant
chemicals in the occupational or environmental setting [20].

Nasal hyperreactivity to workplace triggers that are not specifically identi-
fied can also exist, with only about one-third of individuals experiencing relief
during weekends or vacations. Individuals reported that their nasal issues were
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linked to sensitivity to nonspecific workplace triggers like air conditioning, dust and
dry air [9, 12].

3.1.1.4 Hormonal rhinitis

Hormonal imbalances occurring during various stages such as the menstrual cycle,
puberty, pregnancy, menopause, and specific endocrine disorders like hypothyroid-
ism and acromegaly are frequently linked to NAR. Estrogens, induce nasal vascular
engorgement, potentially leading to nasal obstruction and/or increased nasal secre-
tions. Both beta-estradiol and progesterone contribute to an elevated expression of
histamine H1-receptors on the nasal epithelium. Although hormonal changes are
believed to have a notable impact, especially in conditions such as gestational rhinitis
or pregnancy-induced rhinitis, the exact pathophysiology of hormonal rhinitis
remains uncertain.

Smoking emerges as the sole universally acknowledged risk factor in pregnancy-
induced rhinitis [12]. Regarding instances of new-onset allergic rhinitis and asthma
after puberty, studies suggest that girls undergoing a delayed onset of menarche (first
menstruation) are less susceptible to developing allergic rhinitis compared to those
experiencing menarche at the average age.

Late menarche (occurring after 13 years of age) is statistically inversely correlated
with the development of allergic rhinitis [9].

Additionally, the use of hormonal contraceptives is inversely associated with the
onset of allergic rhinitis, suggesting that, aside from endogenous hormones, these
contraceptives might provide protection against allergies and asthma in young women
post-puberty [20].

3.1.1.5 Drug-induced rhinitis

A variety of drugs may cause nasal symptoms, primarily nasal obstruction. 11
Nasal obstruction and post-nasal drip being the most prominent complaints. Drug-
induced rhinitis can be divided into two subgroups:

* adverse events of systemic treatment: includes prolonged oral intake of aspirin,
ibuprofen, and other NSAID, beta-blockers, sedatives, antidepressants, oral
contraceptives, or drugs used to treat erectile dysfunction. Peptidergic drugs
activate human mast cells through a G-protein coupled receptor, and this interac-
tion could be responsible for some forms of drug-induced rhinitis

* abuse of decongestive nasal therapy, most commonly recognized as rhinitis
medicamentosa (RM), this condition arises from the extended use of power-

ful decongestant sprays, and it is advised to discontinue the use of these sprays
suddenly [14].

Rhinitis medicamentosa (RM) is a result of a particular medication with localized
action, operating through a distinct pathophysiological mechanism and showing con-
nections with psychiatric conditions like anxiety or opioid use disorders. Mehuys et al.
have revealed concerning rates of nasal decongestant (ND) abuse. Approximately
half of individuals with persistent rhinitis, obtaining over-the-counter medication for
their nasal issues, were found to be overusing ND, despite being informed about the
recommended duration of use [21].
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3.1.1.6 Smokers’ rhinitis

Current smokers exhibited a significantly higher likelihood of having NAR
compared to non-smokers (chi-square p = .034, OR 1.7 (1.04-2.8); RR 1.6 (1.004-2.6)).
Among the NAR group, current smokers had a notably higher number of pack-years
of smoking in comparison to individuals who were currently smoking but did not
have NAR (32 + 29 vs. 14 £ 14; t-test p = .014; MWU test p = .04) [20].

In contrast, former smokers had a comparable likelihood of having NAR when
compared to those who had never smoked. The pack/year of smoking among former
smokers did not differ between those with NAR and the control group [20].

3.1.1.7 Idiopathic rhinitis

Approximately half of individuals with NAR lack a clearly defined cause for their
symptoms and are referred to as idiopathic rhinitis patients. The defining character-
istic of these patients is the presence of Nasal Hyperreactivity. Recently, research has
demonstrated an upregulation of the nociceptive TRPV1-substance P (SP) signaling
pathway in idiopathic rhinitis patients, suggesting its probable involvement in the
pathophysiology [2].

In her research, Klementina et al. affirms that Idiopathic Rhinitis (IR) repre-
sented the highest prevalence among the phenotypes, accounting for 39% of the
NAR group. IR is characterized as a purely neurogenic phenotype, and identifying
the disease with NHR as its most prominent symptom holds significant implications
for its treatment [2].

Additionally, Klementina notes that 20% of the Non-Allergic Rhinitis group defied
classification into any of the defined phenotypes. In this subset, a discernible pattern
explaining the nature of nasal complaints eluded identification. Without NHR as a
defining criterion for IR, these individuals might have been categorized under IR.
This subgroup potentially comprises participants with anatomical factors contribut-
ing to nasal symptoms, such as septal deviation and/or inferior turbinate hypertro-
phy, and/or phenotypes that are yet to be recognized [20].

3.2 Diagnosis

The diagnosis of NAR relies on a comprehensive medical history, which includes
the exclusion of clinically relevant sensitization to airborne allergens and the absence
of clinical signs of rhinosinusitis [22]. In addition to the medical history, anterior
rhinoscopy is employed to examine for signs of infection, endonasal crust formation,
and/or significant anatomical deformities.

Nasal endoscopy is strongly recommended, as it enables a comprehensive evalua-
tion of the entire endonasal cavity, including the ostiomeatal complex. Emphasizing
the significance of nasal endoscopy in diagnosing prolonged cases of rhinitis is
crucial, as it can unveil the presence of chronic rhinosinusitis without nasal polyps
(CRSsNP) or with nasal polyps (CRSWNP) [21, 22].

The following diagnostic tests are not recommended in NAR: allergen provoca-
tion testing, microbiological analysis of the nasal content, nasal cytology or biopsies,
measurement of total IgE or allergen-specific IgE in nasal secretions, CT scans of the
sinonasal cavities, measurement of nasal hyperreactivity, measurement of markers of
cerebrospinal fluid leakage (b2- transferrin or b-trace [21]. Figure 4 shows an algo-
rithm for diagnosis between the subtypes [20].
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4. Endotypes of NAR

Varieties exist with diverse pathophysiological mechanisms, broadly categorized
into a traditional inflammatory pathway, a neurogenic pathway, and other pathways
that are predominantly unknown (Figure 5) [20].

The inflammatory pathway is present in a subset of NAR individuals. A Th2
cytokine inflammatory pattern, observed in patients with Allergic Rhinitis (AR)
and those with work-related allergic rhinitis triggered by high molecular weight
(HMW) allergens, characterizes this subgroup. Managing these patients typically
poses no significant therapeutic challenges, as they generally respond favorably
to nasal corticosteroid treatment, akin to individuals with Local Allergic Rhinitis
(LAR) [20, 22].

Nevertheless, a portion of Non-Allergic Rhinitis (NAR) patients does not exhibit
an infiltration of inflammatory cells in the nasal mucosa, suggesting involvement of a
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neurogenic mechanism. This includes conditions such as rhinitis of the elderly, gusta-
tory rhinitis, certain types of occupational rhinitis, certain drug-induced rhinitis,
and Idiopathic Rhinitis (IR). The intricate neural regulation of the upper airways
involves various interacting nervous systems, where sensory, parasympathetic, and
sympathetic nerves play roles in regulating processes in the nasal mucosa, including
epithelial, vascular, and glandular functions [20-22].

Certain phenotypes appear to stem from a relatively straightforward regulatory
disorder. For instance, rhinitis of the elderly primarily appears to involve a dysregula-
tion in the balance between the parasympathetic and sympathetic neural systems.
This can be addressed with the anticholinergic drug ipratropium bromide. Another
example is rhinitis medicamentosa, where dysregulation of adrenergic receptors
in the nasal mucosa results in a relative increase in parasympathetic drive, causing
significant rhinorrhea and nasal obstruction [20].
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Specialized epithelial chemosensors known as solitary chemosensory cells in the
nasal cavity react to irritants via the canonical taste transduction cascade, activat-
ing peptidergic trigeminal nociceptive (pain) nerve fibers. The activation of these
nasal cells can initiate comparable local inflammatory responses, including mast
cell degranulation and plasma leakage. This response mirrors the effects of directly
exciting trigeminal pain fibers using capsaicin. Importantly, this reaction is solely
attributable to cholinergic neurotransmission and neural activity, without involving
the release of local inflammatory mediators.

Idiopathic Rhinitis is believed to be a disorder affecting the nonadrenergic
noncholinergic (NANC) or peptidergic neural system. Perivascular and intraepi-
thelial nonadrenergic noncholinergic (NANC) sensory nerve fibers contain neu-
ropeptides, including VIP, substance P (SP), and calcitonin gene-related peptide
(CGRP). These neuropeptides are locally released from peptidergic neurons,
mainly unmyelinated sensory C-fibers, in the nasal mucosa following activation by
nonspecific stimuli. They can be responsible for the symptoms of IR. Stimulation
may occur due to inflammatory mediators like histamine and bradykinin, as well as
various inhaled irritants such as nicotine, chlorine, formaldehyde, and capsaicin,
predominantly acting via the TRPA1 and TRPV1 receptors. Recent findings indicate
an upregulation of the nociceptive TRPV1-SP signaling pathway in individuals
with IR [18-20].

5. Treatment of NAR

Patients diagnosed with NAR are often offered different treatment modalities
ranging from nasal topical medication to surgical [23].

The treatment modalities includes trigger avoidance, topical and systemic medica-
tions, and surgery [24-27].

There is little systematization in the protocols and there is little high-grade
evidence regarding treatment, which causes difficult management with an impact on
the quality of life and low patient satisfaction [23].

Intranasal corticosteroids are the first choice for NAR. Intranasal antihistamines
have also been used in combination with the intranasal corticosteroids when mono-
therapy could not adequately control the symptoms of NAR [21].

5.1 Treatment modality
5.1.1 Intranasal corticosteroids

Act locally on the nasal mucosa, eliciting anti-inflammatory and immunosup-
pressant effects, modifying and reducing inflammation through suppression of the
synthesis of pro-inflammatory cytokines and proinflammatory enzymes, inhibiting
lymphocyte proliferation and chemotaxis [24, 25]. Avoid the systemic side effects of
corticosteroids [25].

First-generation intranasal corticosteroids:

* Beclomethasone dipropionate

¢ Triamcinolone acetonide
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* Flunisolide

* Budesonide

Second-generation intranasal corticosteroids:
* Fluticasone furoate

* Fluticasone propionate

* Mometasone furoate

* Betamethasone sodium phosphate

* Ciclesonide

Fluticasone propionate and beclomethasone dipropionate are the only topical
nasal corticosteroids approved by the Food and Drug Administration for treatment of
NAR [26, 27].

The adverse effects are [25]:

* Epistaxis (5-10%)

* Nasal irritation (5-10%, including dryness, burning and stinging)
* Headache

* Nasal septal perforation (<1%)

* Candida infection of the nose and pharynx

* Impaired wound healing after recent nasal surgery or trauma.

Intranasal corticosteroids are likely to work better for the inflammatory endotypes
of non-allergic rhinitis [25].

The certainty of the evidence for most outcomes in this review was low or very
low. Not all studies have shown these agents to be effective [25, 26].

It is unclear whether intranasal corticosteroids reduce patient-reported disease
severity in non- allergic rhinitis patients compared with placebo when measured at
up to 3 months. There is a lack of evidence comparing intranasal corticosteroids with
other pharmacological treatments [23, 27].

It is unclear which is the best intranasal corticosteroid to use with respect to type,
concentration, vehicle and how often to use it [25, 27].

5.1.2 Combination of intranasal corticosteroids antihistamines

Combination therapy of fluticasone propionate and azelastine hydrocholoride

(AZE) - first-line therapies in seasonal allergic rhinitis — has been shown to be more

effective compared against monotherapy with either class or placebo in seasonal
allergic rhinitis [25, 27].
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Combination therapy can be achieved either by using 2 separate nasal sprays or a
combination product [27].

5.1.2.1 Topical antihistamine

Unclear mechanism(s) of action in since this is a non immunoglobulin E
pathophysiology.

To diminish eosinophil activation and adhesion molecule expression and suppres-
sion of inflammatory cytokine generation [27].

Two topical antihistamine sprays have been studied in NAR, azelastine and
olopatadine [23, 27].

Olopatadine and azelastine (0.1%) were compared for the treatment of NAR in
a multicenter, randomized, both reduced congestion, rhinorrhea, postnasal drip,
and sneezing; There were no statistically significant differences between their
effects [23, 27].

In the review by Khoueir et al., all studies used Azelastine Hydrochloride (HCI)
(137 mcg/aerosol) vs. olopatadine HCI 0.6% (665 mcg/spray). Both groups showed an
importance decrease in TNSS after 14 days of treatment (p < 0.001) [23].

A statistically significant adverse effect reported was the sensation of bitter taste
in patients who used azelastine. Another adverse effect reported in 3 studies was
minor nasal bleeding [23].

5.1.2.2 Ipratropium bromide

The ipratropium bromide is the only topical anticholinergic approved in the treat-
ment of NAR [24, 26]. In a study of 253 patients with perennial NAR the ipratropium
nasal spray significantly reduced rhinorrhea versus placebo [16, 19]; dryness and
epistaxis were uncommon [25].

5.1.2.3 Topical capsaicin

Reduced the density of the innervation of the nasal mucosa and the TRPV1-SP
signaling pathway, without affecting the integrity and function of nasal epithelial
cells or mast cells [24].

5.1.2.4 Oral decongestants

There is a lack of good evidence of effect, but theoretically it may be helpful for
nasal stuffiness only [25].

5.1.2.5 Oral antihistamines

Limited data suggest that the newer nonsedating H1 antihistamines are not as
effective in NAR, compared with allergic rhinitis.

5.1.2.6 Nasal saline lavage
The role is undefined. A 2007 Cochrane database review noted that nasal saline
alone has not been demonstrated to be beneficial in CRS or more effective than an

intranasal corticosteroid [26].
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Intranasal saline sprays have been found effective in relieving postnasal drip,

sneezing, and congestion [27].

5.2 Subgroups of NAR

* Senile rhinitis or rhinitis in elderly: ipratropium bromide is considered effective

in reducing the severity and duration of the senile rhinitis (Figure 6) [24, 25, 27].

* Gustatory rhinitis: Ipratropium bromide is effective only for rhinorrhea.

It is particular benefit in gustatory rhinitis [25, 27].

* Occupational rhinitis: The treatment is to avoid the trigger [27].
* Hormonal rhinitis: Nasal corticosteroids can be used to improve symptoms [27].

* Drug-induced rhinitis: Treatment is usually focused on cessation of the affecting

agent, as well as support with intranasal corticosteroids [25].

* Smokers’ rhinitis: the mainstay of treatment is triggering avoidance [25, 26].

* Idiopathic rhinitis: Intranasal capsaicin (8-methyl-N- vanillyl-6-nonenamide),

the active component of chili peppers, appears to have a therapeutic effect in
idiopathic rhinitis with long-lasting relief of symptoms from 6 to 9 month

in 80% of well-selected IR patients ranging, based on several randomized
controlled trials (Figure 6) [24, 25].

NAR Phenotypes Pathophysiology Treatment

Nonallergic senile .
rhinitis (> 65v) Mucosal/glandular atrophy and/or MO Ipratropium bromide

Gustatory rhinitis Neurogenic inflammation Avoidance
Nasal capsaicin

Nonallergic

occupational rhinitis Neurogenic inflammation ' Avoidance

Hormonal- induced - I, 5 =
rhinitis Neuronal imbalance ! Nasal corticosteroids

Nasal chromones?

Non allergic drug — = 9
induced rhinitis Neuronal imbalance ; Avoidance

Idiopathic rhinitis Nasal corticosteroids
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Figure 6.
Therapeutic strategy of nonallergic rhinitis.
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5.3 Nonpharmacologic treatment

Surgical interventions are contemplated for patients with allergic rhinitis and
non-allergic rhinitis (NAR) who do not respond adequately to medical therapy. A
surgical procedure known for its favorable outcomes involves reducing the hyper-
trophy of the inferior turbinates. This intervention proves to be highly effective for
individuals experiencing nasal obstruction that persists despite the clinical treatments
described earlier [26].

The surgical techniques for inferior turbinate can be grouped into five groups [28]:

1. Turbinectomy is a procedure that removed turbinate: total, partial or by submu-
cosal resection using cold steel instruments [SMR]

2.Microdebrider-assisted turbinoplasty [MAIT] which was defined by submucosal
resection of the inferior turbinate with microdebrider.

3.Radiofrequency ablation [RFA] relying on the use of radio waves to create heat to
cause tissue fibrosis and shrinkage.

4. Electrocautery techniques (monopolar/bipolar probe, diathermy electrode,
straighttip electrode) which make use of an electrical current to destroy tissue.

5.Laser-assisted turbinoplasty (carbon dioxide, diode, potassium titanyl phos-
phate) that uses light energy to ablate tissue.

Irrespective of the method employed and the equipment utilized, the primary
objectives remain to enhance air passage and minimize complications [29]. The
selection of the most suitable technique depends on individual cases, taking into
consideration factors such as the anatomy of the inferior turbinate (whether hyper-
trophy is more associated with bone or mucosa), the extent of hypertrophy (whether
it is predominantly anterior or posterior), the availability of equipment, and the
proficiency of the surgeon [29].

Another aspect to take into account is the preservation of nasal physiology. The
fundamental physiological principles for this approach are [30]:

* The critical zone is the nasal valve region (inferior turbinate head);

* Small area increase = large increase in airflow (exponential correlation between
area and airflow);

* Nasal sensation depends in part on the nasal mucosa of the inferior turbinate.

Hence, diminishing the volume of the inferior turbinate could result in a decrease in
the quantity and/or activity of the responsive mucosa. This, in turn, could contribute
to the amelioration of symptoms such as rhinorrhea, sneezing, and itching, all while
maintaining the physiological functions of the mucosal epithelium [31]. Moreover,
the alleviation of symptoms may be associated with the disruption of branches of the
posterior nasal nerve, key in the mechanisms of sneezing and hypersecretion [31].

In a Systematic Review by Zhang et al. indicates that all techniques described
above, significantly improved nasal obstruction post-operatively based on
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patient-reported outcome measures. No statistical significance was observed when
stratifying outcomes by AR and NAR groups, improving is similar for both popula-
tions [28], RFA and MAIT improved rhinorrhea significantly compared to baseline
[28]. A systematic review by Acevedo et al. assessing outcomes on VAS nasal obstruc-
tion found similar results when comparing RFA and MAIT [32], in contrast, Mirza

et al. concluded that MAIT resulted better [33].

In relation to alternative techniques, RFA demonstrated comparable enhance-
ments in nasal obstruction compared to electrocautery and turbinectomy/Septoplasty
with Mucosal Reduction (SMR) [28]. Improvements in all physiological indicators
of nasal patency, encompassing active anterior rhinomanometry (nasal resistance),
acoustic rhinometry (nasal cavity volume), and nasal airflow, were observed with
RFA, MAIT and laser interventions [28, 32, 33].

RFA and MAIT initially improved, but after 1-year, VAS obstruction scores wors-
ened when compared to 3-6 months postoperatively [28], these results suggest that
peak effect following inferior turbinate reduction is achieved within the first year;
however patients are still significantly improved relative to baseline; with improve-
ment a favor MAIT at 5 years.

An alternative technique outlined is the endoscopic vidian neurectomy (EVN) and
posterior nasal neurectomy (PNN), involving both surgical (SPNN) and cryoablative
(CPNN) methods. The systematic review indicates that EVN, SPNN, and CPNN serve
as effective and safe surgical options for patients with non-allergic rhinitis (NAR)
unresponsive to medical management. Notably, SPNN and CPNN are linked to lower
rates of complications, including dry eye and palatal/cheek numbness, in comparison
to EVN [34]. Another systematic review reveals that both selective vidian neurectomy
(SVN) and PNN result in significantly reduced symptoms in both short-term and
long-term postoperative periods when compared to the preoperative phase [35].

Another noteworthy aspect to emphasize pertains to the choice between septo-
plasty alone or septoplasty combined with turbinoplasty, it is observed that patients
undergoing the combined procedure experience more pronounced symptomatic
improvement [36].

In summary, the surgical treatment of inferior turbinate hypertrophy should
be personalized based on the patient’s clinical condition, with a primary focus on
enhancing air space and nasal function [29]. In this context, the importance of
experience-based medicine appears to outweigh the reliance on evidence.

6. Conclusions

NAR is a diverse nasal condition characterized by a high global prevalence. Its
etiology is related to neurogenic factors. NAR comprises seven subtypes with overlap-
ping presentations. Treatment strategies should prioritize the avoidance of known
triggers, and initial therapeutic approaches involve the use of intranasal corticoste-
roids, intranasal antihistamines and intranasal ipratropium. Combinations of these
therapies may be considered if monotherapy fails to adequately manage symptoms.
Surgical interventions are contemplated for patients resistant to medical therapy, with
effective outcomes noted in procedures such as the reduction of inferior turbinate
hypertrophy and selective neurectomy of the vidian branches.
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Chapter 3

Current Medical Management of
Chronic Rhinosinusitis in Adults

Moath Abdulyahman Alfaleh

Abstract

Rhinosinusitis is a prevalent disorder that places a heavy financial strain on society
in terms of medical expenses and lost productivity. It is characterized by discomfort
and pressure in the face, sinus and nasal lining irritation, nasal obstruction, rhinor-
rhea, and loss of smell. It occurs with or without nasal polyps. This chapter aims to
evaluate and review each medical intervention for chronic rhinosinusitis to provide
analysis and medical management recommendations. It is known that medical
management of chronic sinusitis is a complex subject with many options available
with different advantages and disadvantages, and so during our literature review,
we focused on reaching to recommendations based on the latest and most accurate
available studies from double-blinded randomized controlled clinical trial and meta-
analyses using Ovid Medline, CINAHL, Scopus, and Cochrane. We focused on studies
that compared the different types of medical management options to a placebo and in
some instances to other drugs regarding how the patient’s quality of life and disease
burden improved. Based on our literature review, medications that showed benefit
and improved patient quality of life were intranasal/systemic steroids, saline irriga-
tion, biologics Anti-IL-5 and Anti-IL4/IL13, antihistamine, and montelukast. Other
mentioned medical interventions need larger and higher-quality studies.

Keywords: chronic rhinosinusitis, nasal polyps, topical steroid, biologics, quality of life

1. Introduction

In much of the world, rhinosinusitis is a prevalent disorder that places a heavy
financial strain on society in terms of medical expenses and lost productivity. It is
characterized by discomfort and pressure in the face, sinus and nasal lining irrita-
tion, nasal obstruction, rhinorrhea, and loss of smell. It can occur with or without
nasal polyps. This chapter aims to evaluate and review each medical intervention for
chronic rhinosinusitis to provide analysis and medical management recommenda-
tions. As it is known that medical management of chronic sinusitis is a complex sub-
ject with many options available with different advantages and disadvantages, and so,
during our literature review we focused on reaching to our recommendations based
on the latest and most accurate available studies from double-blinded randomized
controlled clinical trial and meta-analyses through using Ovid Medline, CINAHL,
Scopus, and Cochrane, in which we focused on studies that compared the different
types of medical management options to a placebo and in some instances to other
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drugs in regard to how the patient’s quality of life disease burden improved. Based on
our literature review, medications that showed benefit and improved patient quality
of life were intranasal/systemic steroid, saline irrigation, biologics Anti-IL-5 and
Anti-IL4/1L13, antihistamine, and montelukast. Other mentioned medical interven-
tions need larger and higher-quality studies.

2. Short-term oral antibiotics for chronic rhinosinusitis (CRS)

In basic and secondary care settings, individuals with chronic rhinosinusitis
(CRS) are frequently offered short-term regimens of antibiotics [1]. More proof is
required to fully understand the function of antibiotics in the treatment of CRS. For
this evaluation, 4 weeks or less is considered a short treatment period for antibiotics.
Two published randomized clinical studies with a placebo control have examined the
impact of short-term antibiotics in CRS [2, 3]. Thirty-two individuals with acute on
chronic CRS exacerbations participated in a single-center, placebo-controlled trial
[2]. In this study, an immediate worsening of sinonasal symptoms in the previous
4 weeks (nasal secretion, nasal obstruction/congestion, sense of smell, and/or face
discomfort) in patients with underlying CRS was considered as an acute aggrava-
tion of the CRS condition. For 2 weeks, patients were randomly assigned to receive
either a placebo or amoxicillin/clavulanate. Despite the fact that both groups’ nasal
secretions and nasal blockage significantly improved from baseline, on the Visual
Analog Scale-Severity Scoring Assessment, there were no statistically significant
changes between the groups [nasal secretion: mean difference (MD) -2 (-16.1, 12.1),
p = 0.44; nasal obstruction: MD - 6.6(—10.6, 24), p = 0.78]. Nose endoscopic scores
at day 14 did not differ between the groups (overall endoscopy score, p = 0.88; nasal
polyps, p = 0.58; oedema, p = 0.36; nasal secretion, p = 0.42). After 3 months, the
groups’ improvements in quality of life (Sino-nasal Outcome Test, SNOT-22) were
comparable [MD -2.7 (-20.36, 14), p = 0.75]. There was a notable observation of bac-
terial eradication in 29% of the amoxicillin/clavulanate group and 9% of the placebo
group; nevertheless, there was no statistically significant difference seen between the
groups (p = 0.37).

A double-blinded, placebo-controlled randomized controlled study (RCT) was
carried out by Van Zele et al. [3] to evaluate the efficacy of doxycycline in the treat-
ment of CRS with nasal polyps (CRSWNP) in 28 patients. After starting doxycycline
therapy, there was a significant reduction in postnasal drip symptom ratings at week 2
(p = 0.044) and a tendency toward a decrease in rhinorrhea at week 8 (p = 0.058) (no
adjustments were made for multiple testing). During the trial period, doxycycline did
not significantly affect rhinorrhea, postnasal drip, or nasal congestion. It also did not
significantly affect loss of smell. For 3 months, the doxycycline group showed a little
but significant decrease in nasal polyp size (0,5 on an 8-point scale) in comparison to
the placebo group (p = 0.015).

Ninety patients were included in the analysis of a single-blind, randomized,
controlled trial that took place between 2018 and 2019 [4]. For 4 weeks, the patients
in the clarithromycin group were given 500 mg pills twice a day. For 4 weeks, the
second group took 500 mg pills of azithromycin every day. The group treated with
azithromycin saw a considerably greater rate of complete symptom remission (71.1
vs. 24.4%, P < 0.001) than that treated with clarithromycin. There was no significant
difference (P = 0.120) in the baseline Lund Mackay ratings between the groups.
Nevertheless, both groups saw a substantial decrease in Lund Mackay scores following
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the intervention; however, the azithromycin group experienced a significantly larger
improvement (P < 0.001).

In arandomized controlled trial, the authors measured the levels of two fre-
quently given antibiotics, roxithromycin and doxycycline, in the sinonasal mucus,
serum, and sinonasal tissues of patients with CRS after a one-week treatment [5].
Two groups were randomly assigned to twenty patients after they undergone func-
tional endoscopic sinus surgery (FESS) for chronic rhinosis (CRS): (1) 100 mg of
doxycycline every day for 7 days and 2) 300 mg of roxithromycin per day for 7 days.
Liquid chromatography-tandem mass spectrometry was used to detect drug levels
in steady state in blood, sinonasal tissues, and mucus. The amounts of doxycycline
in the mucus were found to be substantially lower than those in the tissue (mean
mucus/tissue ratio % 0.18, p < 0.0001) and serum (mean mucus/serum ratio % 0.16,
p < 0.001). The concentration of roxithromycin in the mucus was likewise consider-
ably lower than that in the tissue (mean mucus/tissue ratio % 0.60, p < 0.001) and
serum (mean mucus/serum ratio % 0.37, p%40.002).

Because of the complexity of bacterial biofilm antimicrobial tolerance, the
effectiveness of doxycycline and roxithromycin in sinonasal mucus iz vivo cannot be
predicted solely from reported minimum inhibitory concentrations. However, these
results suggest that low mucosal penetration of antibiotics may be one of the factors
contributing to the limited efficacy of these agents in the treatment of CRS.

2.1 Conclusion

It is unclear whether or not the administration of a brief course of antibiotics
has an effect on patient outcomes in people with acute exacerbations of CRS when
compared with placebo because of the extremely low quality of the available data.

Furthermore, it is unclear whether or not the administration of a brief course of
antibiotics has an effect on patient outcomes in adults with CRS when compared to
placebo because of the extremely low quality of the data. Larger, higher-quality trials
are required, particularly to assess the efficacy of brief courses of antibiotics in cases
of acute exacerbations of CRS.

3. Long-term oral antibiotics for chronic rhinosinusitis (CRS)

Long-term antibiotic therapy was defined for the purposes of this systematic
review as any course of treatment lasting more than 4 weeks. A few placebo-
controlled trials have examined the effects of treating acute rhinosinusitis with
antibiotics, despite the fact that this approach is often used. Two such studies assess
the results of prolonged administration of macrolide antibiotics. The effects of
long-term macrolide treatment on signs, symptoms, and patient-reported quality of
life outcomes have been examined in two completed placebo-controlled trials [6, 7].
Both trials assessed a 12-week course of therapy; however, Wallwork et al. assessed
roxithromycin at 150 mg daily, while Videler et al. assessed azithromycin (AZM) at
500 mg per week. In terms of nasal endoscopy, saccharin transit time, and SNOT-20
scores, Wallwork and colleagues demonstrated a notable improvement. In Wallwork
and colleagues, groups were separated into low and high IgE levels (less than 200 pg/L
against more than 200 pg/L); the low IgE group showed a substantial improvement
in endoscopy, saccharin transit time, and nasal lavage of IL-8. Nevertheless, Videler
et al’s results did not improve, and since IgE was not assessed, a subgroup analysis was
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not feasible. By the time the study came to a close, Videler and colleagues had seen
anonsignificant improvement in 35% of the placebo group and 51% of patients on
Azithromycin. Remarkably, 50% of the Azithromycin group claimed “improvement/
cure” when the groups were reassessed by phone 12 weeks after the antibiotics ended,
compared to 9% in the placebo group. This was statistically significant (p = 0.017).
The response rate for Wallwork and colleagues was 67% in the roxithromycin group
and 22% in the placebo group. Despite having comparable study numbers (60 vs. 64),
the inclusion criteria of these research differed. Videler included individuals with
and without nasal polyps, but Wallwork et al. exclusively included patients without
nasal polyps. In the Wallwork et al. paper, patients were sub-analyzed according to
their IgE levels, as previously mentioned. The majority of nonresponders were in the
high IgE group. Another important difference was the dosing regimen, which in the
study done by Videler et al. it was a once-weekly dosing compared to Wallwork et al’s
low-dose daily dosage.

A double-blind, randomized, placebo-controlled trial was conducted by de Oliveira
etal. [8]. For 12 weeks, patients were given 500 mg of azithromycin orally three times
a week. Sino-Nasal Outcome Test (SNOT-22), and nasal polyp biopsies were used to
assess improvement. Data gathered 3 months after therapy and before treatment were
compared. Evaluation of quality of life took place at the 1-year follow-up. For a dura-
tion of 12 weeks, treatment with 500 mg azithromycin three times a week resulted
in a reduction in the amount of eosinophils in polyp biopsies, polyp staging, and a
substantial clinical improvement based on subjective improvement as assessed by a
quality-of-life questionnaire (the SNOT-22). On the other hand, the placebo group did
not exhibit any noteworthy changes before or during the intervention. Furthermore,
after the 1-year follow-up after therapy, the azithromycin group’s improved quality of
life persisted. Even though the current literature suggests that azithromycin therapy
should be administered only to CRS patients with low polyposis and IgE, the outcomes
that were seen in this particular patient group were unexpected.

Metanalysis conducted by Do Hyun Kim et al. to assess the efficacy of doxycycline
(DOX) versus traditional therapy for individuals suffering from nasal polyps and
refractory chronic rhinosinusitis (CRSwNP) [9, 10]. Up until September 2023, six
databases were checked. Studies comparing improvements in refractory chronic
sinusitis-related symptoms in groups treated with DOX and control groups were
obtained. Lund-Kennedy (LK) score [-0.3670 (range - 0.6173; —0.1166); 12 = 92.8%],
nasal polyposis score [—0.9484 (—1.2287; —0.6680); 12 = 92.5%], patient-reported
sinonasal outcome test (SNOT) score [—0.3141 (—0.4622; —0.1660); 12 = 91.2%],
and nasal obstruction score [—0.1813 (—0.3382; —0.0243); 12 = 86.2%] were all
significantly decreased by DOX. The DOX group had considerably less nasal polyposis
at the beginning of therapy, the completion of treatment, and 4 and 8 weeks later,
according to subgroup analyses based on the measurement timepoints. Additionally,
improvements were shown by the LK scores both during and after therapy. Over
time, the therapy group’s SNOT score tended to drop. The symptoms of nasal block-
age improved both during and 4 weeks after therapy. In conclusion, by decreasing
inflammation and recurring polyposis, DOX improves the postoperative endoscopic
results for patients with CRSWNP who are resistant.

3.1 Risks of macrolide antibiotics

Patients having a history of congenital or documented acquired QT prolongation;
ventricular cardiac arrhythmia, including torsades de pointe; or hypokalemia (risk of
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prolonging QT-time) should not be administered macrolides. Because of the increased
risk of myopathy, including rhabdomyolysis, macrolides should not be taken concur-
rently with HMG-CoA reductase inhibitors (statins) that are substantially metabolized
by CYP3A4 (lovastatin or simvastatin). Colchicine users should not take macrolides
antibiotic, just like they should not take other potent CYP3A4 inhibitors. Patients with
severe liver failure combined with renal impairment should not use macrolides.

3.2 Conclusion

In the studies shown previously, there was some promising positive effect for
macrolides and doxycycline in improving the quality of life for patients with chronic
rhinosinusitis without polyps and with polyps, respectively, but due to the low quality
of evidence and the danger of these antibiotics adverse, we prefer to steer away from
use of long-term macrolides. In the future, we are in need for a larger high quality trials.

4. Topical antibiotics for chronic rhinosinusitis (CRS)

The possible existence of bacterial biofilm in sinuses provides justification for
using local antibiotics to treat patients with resistant, hard-to-treat rhinosinusitis.
The sinus mucosa in these individuals stays inflamed even after washing with saline,
anti-inflammatory corticosteroid therapy, and/or systemic antibiotics. These patients
usually have undergone sinus surgery and so have wide open sinuses that are easily
accessible for local treatment.

Pseudomonas aeruginosa or Staphylococcus aureus are frequently grown from these
sinuses (producing biofilms) [11].

Nebulization of a solution of 150 mg tobramycin every day for 7 days resulted in
the elimination of bacteria based on posttreatment culture, which was considerably
better than placebo; all of this according to research conducted by Bonfils et al. in
which they recruited 59 patients with CRSWNP who still had symptoms following
sinus surgery [12] Day 0 and Day 10 of the bacteriological examination were con-
ducted in accordance with Day et al’s [13] investigation of the existence of pathogenic
strains in culture and their sensitivity to antibiotics, together with a cytological
analysis of the quantity and presence of leukocytes (at Day 0 and Day 10). The bacte-
rial isolates from day 10 posttreatment and pretreatment were compared.

Leukocyte counts and antibiotic sensitivity tests were also conducted. But there
was no discernible difference in the symptoms [12].

Victoria et al. conducted a prospective randomized controlled trial that is
single-blinded (doctors only). Acute exacerbations of chronic rhinosinusitis and
gram-positive bacteria on culture were seen in the postsurgical subjects. Subjects
were divided into 3 groups (saline group, povidoen-iodine group, and mupirocin
group), and for 30 days, they had twice-daily sinus irrigations [14]. The Mupirocin
(14/20, 70%) group of the 62 participants under analysis had a greater posttreatment
culture-negative povidone-iodine rate than the povidone-idodine (9/21, 43%) and
Saline (9/19, 47%) groups, although this difference was not statistically significant
(p = 0.28). The Lund-Kennedy endoscopic score (povidone-iodine —3.5 [-7, —0.5]
vs. mupirocin —2 [—4, 2] vs. saline —3 [-5, 0]; p = 0.35) and the Sinonasal Outcome
Test-20 score (povidone-iodine —0.3 [—0.6, 0.05] vs. mupirocin —0.3 [-0.7, 0.05]
vs. saline —0.4 [-0.8, 0.05]; p = 0.74) did not differ significantly. When compared
to saline and povidone-iodine, mupirocin sinus irrigations produced a greater
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posttreatment culture “control” rate in patients who had previously had sinus surgery
and had acute exacerbations of CRS and gram-positive bacteria on culture.

4.1 Conclusion

Patients with CRS do not appear to benefit more from topical antibiotic treatment
than a placebo in terms of symptom improvement.

It can, however, result in a clinically insignificant improvement in symptoms. We
do not know for sure if topical antibiotic treatment affects patient outcomes in people
with CRS since the evidence is of extremely low quality.

5. Intranasal corticosteroid for chronic rhinosinusitis (CRS)

In a double-blinded placebo-controlled trial conducted by Leopold et al. [15], 323
patients with CRSwNP 27% of whom previously had sinus surgery were randomized
to receive either an exhalation delivery system (EDS)-placebo or twice-daily EDS-
FLU (93, 186, or 372 mg) for a total of 24 weeks (16 double-blind plus 8 open-label
when all got 372 mg). The coprimary end goals were the total bilateral polyp grade
at 16 weeks and the change in nasal congestion/obstruction at 4 weeks. Functioning,
polyp removal, and symptoms were secondary end goals. On both coprimary end
points, EDS-FLU outperformed EDS-placebo (P < .001 across all dosages). The aver-
age polyp grade steadily increased through week 24 (P < .009, all comparisons), and
at that point, 25% of patients had at least one side of the polyp removed, compared to
8.7% with the EDS-placebo (P < .014, all comparisons). Additionally, patients’ SNOT
scores increased considerably (P < .05 for all dosages) from those in patients receiv-
ing EDS-placebo (221.1 to 221.4 vs. 211.7 at week 16). All four of the defining illness
symptoms were considerably improved by EDS-FLU (all dosages) at the end of the
double-blind phase. 69% of the patients who received EDS-FLU experienced “much”
or “very much” improvement. The percentage of patients who could have surgery
dropped by 62-67%. The safety profile matched the information from earlier trials. In
this study, they concluded that in individuals with chronic rhinosinusitis with nasal
polyps, EDS-FLU results in a clinically and statistically significant improvement in all
four diagnostically defined illness symptoms, polyp grade, and quality of life.

Japanese patients with chronic rhinosinusitis with nasal polyps have among them
a common variant known as eosinophilic chronic rhinosinusitis (ECRS). Refractory
eosinophilic airway inflammation, ECRS is strongly linked to asthma and necessitates
comprehensive management as part of the unified airway concept [16, 17]. Kobayashi
etal. in a double-blinded placebo-controlled trial reported a series of ECRS patients
with asthma treated with fine-particle inhaled corticosteroid (ICS) exhalation
through the nose (ETN). A double-blind randomization process was used to assign
23 patients with severe ECRS who were not responding to intranasal corticosteroid
therapy to either the HFA-134a-beclomethasone dipropionate (HFA-BDP) metered-
dose inhaler (MDI) ETN (n = 11) or the placebo MDI ETN (n = 12) over a 4-week
period. Assessments were made of changes from the baseline in the nasal polyp
score, smell test, computed tomographic (CT) score, and quality of life (QOL) score.
Measurements of fractionated exhaled nitric oxide (FENO), a sign of eosinophilic
airway inflammation, were made. Evaluation of the corticosteroid response was done
both before and after therapy. Furthermore, a particle deposition model was used to
illustrate the deposition of small particles. Purified eosinophils were co-incubated
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with BEAS-2B human bronchial epithelial cells to assess corticosteroid sensitivity
and investigate the function of eosinophils on airway inflammation. Treatment with
HFA-BDP MDI ETN increased corticosteroid sensitivity, and all evaluated clinical
endpoints without impairing pulmonary function. HFA-BDP MDI ETN therapy
decreased FENO and blood eosinophil count. According to the visualization investi-
gation, fine particle deposition in the middle meatus, including the sinus ostia, was
caused by ETN at expiratory flow rates of 10-30 L/min. Corticosteroid resistance was
produced when BEAS-2B cells and eosinophils were co-incubated.

A metanalysis conducted by Bognanni et al. looked for randomized controlled trials
comparing INCS administered in any way to placebo or other INCS administration
types in studies stored in Medline, Embase, and Central between September 1, 2021
and the creation of the database [18]. Sixty-one randomized controlled trials with 7176
individuals and 8 treatments were examined. In comparison to a placebo, the quality of
life linked to sinusitis may be enhanced by INCS rinse (mean difference [MD] —6.83,
95% confidence interval [CI] —11.94 to —1.71) and exhalation delivery system (EDS)
(MD -7.86, 95% CI —14.64 to —1.08). In comparison to placebo, nasal obstruction
symptoms are probably lessened after receiving INCS by stent/dressing (MD —0.31,
95% CI —0.54 to —0.08), spray (MD —0.51, 95% CI —0.61 to —0.41), and EDS (MD
—0.35, 95% CI —0.51 to —0.18). The unfavorable effects of the various therapies did not
significantly differ from one another (moderate certainty for INCS spray, extremely
low to medium certainty for others). For CRSWNP, there are several effective INCS
delivery methods that can enhance patient important results. The broadest possible
range of evaluated outcomes seems to benefit from INCS using stent, spray, and EDS.

5.1 Conclusion

There is strong evidence that treating CRS patients with nasal corticosteroids over
the long term is both safe and effective. They affect nasal symptoms and enhance
one’s quality of life.

6. Systemic corticosteroid for chronic rhinosinusitis (CRS)

For chronic rhinosinusitis with nasal polyps, short doses of systemic corticoste-
roids (7-21 days) are commonly administered in conjunction with local corticoste-
roids. In addition to lowering inflammation, systemic corticosteroids may also shrink
nasal polyps. It is interesting to note that, in particular, olfactory mucosal inflam-
mation is frequently decreased, leading to a quick improvement in olfaction (days)
without any discernible change in polyp volume.

Shen et al. conducted a double-blind, placebo-controlled, randomized clinical
study in which patient who underwent ESS with bilateral CRSWNP were randomly
assigned to take oral prednisolone (30 mg/day) or a placebo for 2 weeks following
operation. As the subjective outcomes, the visual analog scale (VAS) and Sino-Nasal
Outcome Test 22 (SNOT-22) scores were selected and assessed at preoperative base-
line, as well as 1, 3, and 6 months after surgery. The objective result was measured
using Lund-Kennedy Endoscopic Scores (LKESs), which were assessed preopera-
tively, at 2 weeks, 2, 3, and 6 months after surgery [19, 20]. Out of the 100 patients
that were included, only 82 with bilateral CRSWNP finished the 6-month follow-up.
At every follow-up point, there was no discernible variation in the subjective results.
Six months after surgery, the corticosteroid group reported an improvement in
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LKESs (p = 0.05) among the objective results. Only patients with NECRSwNP (<10
eosinophils/HPF) showed a significant improvement in LKESs at 3 months post-
operatively (p = 0.03), after classification by tissue eosinophils. In conclusion, oral
corticosteroids administered after surgery did not result in further improvements
in VAS or SNOT-22 scores; however, at 6 months after surgery, there was a tendency
of improving LKES. At the three-month follow-up, this impact was significant only
among NECRSwNP patients after stratification by tissue eosinophils.

In a meta-analysis conducted by Zhang et al. [21], 7 RCTs with a total of 414
participants were included in the meta-analysis out of the 337 pertinent papers that
were found. In contrast to nonsteroid treatments or placebos, systemic corticoste-
roids significantly increased peak nasal inspiratory flow (PNIF) (SMD 42.39; 95%
CI, 28.95 to 55.84; P < .00001), decreased the size of nasal polyps (SMD ~4.76; 95%
CI, ~6.99 to ~2.52; P < .0001), and improved nasal obstruction scores (standardized
mean difference; SMD ~2.81; 95% confidence interval [CI], ~4.68 to ~0.95; P%4.003).
The low-dose subgroup (less than 50 mg/day prednisone) and high-dose (greater
than or equal to 50 mg/day prednisone) had comparable advantages. But individu-
als receiving large dosages of prednisone reported experiencing sleeplessness and
gastrointestinal problems more frequently. No discernible variation was seen in the
frequency of any adverse events among the groupings. In conclusion for individuals
with CRSwNP, systemic corticosteroids significantly reduce the amount of nasal
polyps and significantly improve PNIF and nasal symptoms. In CRSwNP, prednisone
dosages under 50 mg/day were advised when the benefits of oral corticosteroids were
weighed against possible side effects.

6.1 Conclusion

Both the nasal polyp score and the overall symptom score are significantly reduced
after a brief course of systemic corticosteroid therapy, either with or without local
corticosteroid treatment. Up to 3 months after the commencement of treatment,
the effect on the nasal polyp score is still significant, but by then, the effect on the
symptom score has vanished.

7. Saline

In order to effectively manage CRS, nasal saline irrigation is thought to be crucial.
By disrupting and eliminating antigens, biofilms, and inflammatory mediators as well
as improving mucus clearance and ciliary beat activity, saline nasal irrigation may
improve the function of the nasal mucosa through a number of physiological effects.
It may also increase the hydration of the sol layer. Saline may also act as a carrier
to provide the necessary volume to deliver medication into the sinuses. That being
said, there is not much agreement on the optimal irrigation technique, the tonicity
(concentration) of the saline solution, or the appropriateness of the devices, head
position, volume, pressure, and frequency of washing.

In a non-blinded randomized controlled trial Glotakis et al. evaluated 174 patients
with CRSwNP (whom 154 were posteopratively), they were divided to 3 groups
[22]. The first group used 250 ml of 1175% Emser Salt solution (EmsSalt) (n = 59)
twice daily for 1 year, the second group used 250 ml of isosmotic mineral salt mix-
ture (IsoMix) (n = 58) twice daily for 1 year, and in the third group they were on no
irrigation (n = 57) for one year. Outcomes were measured at 3, 6, 9, and 12 months
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including nasal symptoms, RQLQ, missed work days and postoperative condition of
the mucosa. Results were significantly improved outcomes when comparing irrigation
to no irrigation in terms of nasal symptoms and RQLQ. There is no discernible dif-
ference between mucosa and missed work days. There are no appreciable variations
between the isosmotic mineral salt mixture and Emser Salt.

In a meta-analysis conducted by Lei Liu et al. [23, 24], in an effort to offer a guide
for clinical nasal irrigation for the treatment of chronic rhinosinusitis, the authors
compared the efficaciousness of hypertonic and isotonic saline in the management
of rhinosinusitis. There were seven investigations in all. In four groupings, the effects
of hypertonic saline on nasal symptoms were stronger. The patients with nasal
secretion (SMD = 1.52; 95% CI: 1.04, 2.00; p < 0.01), congestion (SMD = 1.52; 95%
CI: 1.04, 2.00; p < 0.01), headache (SMD = 0.82; 95% CI: 0.38, 1.26; p < 0.01), and
overall symptomatic relief (SMD = 1.63; 95% CI: 0.83, 2.44; p < 0.01) were the first
group of patients classified as (1). On the other hand, there was no difference in the
improvement of radiologic scores (SMD = 2.44; 95% CI: —3.14, 8.02; p < 0.01) or scent
(SMD = 0.47; 95% CI: —0.65, 1.59; p = 0.41). Furthermore, compared to the isotonic
saline group, the hypertonic saline group had a higher improvement in mucociliary
clearance time scores (SMD = 1.19; 95% CI: 0.78, 1.60; p < 0.01). Greater mild nega-
tive effects were observed with hypertonic saline. In conclusion, when treating chronic
rhinosinusitis, hypertonic saline nasal irrigation is far more successful than isotonic
saline and has less side effects. It also improves ciliary movement and nasal symptoms,
but there is no discernible change in imaging results or improvement in smell.

7.1 Conclusion

Evidence provided showed that normal saline irrigation is effective in CRS in
improving symptoms and quality of life compared to placebo but hypertonic saline is
better than normal in regard to improving patients symptoms.

8. Anti-IgE

A substantial local IgE production that may contribute to chronic inflammation
by persistently activating mast cells is a pathophysiological feature of CRSWNP [25].
Omalizumab is a recombinant humanized monoclonal antibody that has been studied
for its potential use in the treatment of CRS in a randomized clinical study by Gevaert
etal. [25]. Omalizumab works by selectively attaching to free circulating IgE, which
inhibits the activation of effector cells such as mast cells, basophils, and dendritic
cells and reduces the expression of IgE receptors on them. A subcutaneous dose of
omalizumab (four to eight doses) or a placebo was administered to 24 individuals
with CRSWNP with concomitant asthma for a period of more than 2 years. There were
20-700 kU/mL of total serum IgE. There was no discernible decrease in RSOM-31
or SF-36 following the subcutaneous delivery of four to eight doses of omalizumab.
On the other hand, the omalizumab group showed a substantial improvement in the
physical domain of the SF-36 and the Asthma Quality of Life Questionnaire (AQLQ),
while the placebo group showed no meaningful changes. Comparing anti-IgE to
baseline, there was a substantial reduction in the symptoms ratings for nasal conges-
tion (p = 0.003), anterior rhinorrhoea (p = 0.003), loss of smell (p = 0.004), wheeze
(p = 0.02), and dyspnea (p = 0.02). Anti-IgE medication did not help the patient’s
cough or spirometric findings. Over the course of the trial, a linear mixed model
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showed that the omalizumab group had a lower total nasal polyp score (NPS) than
the placebo group (p = 0.2). The omalizumab group showed significantly higher
Lund-MacKay scores on radiologic imaging (p = 0.04) when compared to the placebo
group. Anti-IgE therapy was used, and the improvements in radiography and clinical
outcomes were observed regardless of serum IgE levels. Patients who were allergic
(=2.57; p = 0.03) and nonallergic (-2.75; p = 0.06) showed a decrease in total NPS
after 16 weeks. Compared to nonallergic patients (20.66, p = 0.75), allergic patients
showed an improvement in their Lund-Mackay CT scan scores (22.61, p = 0.04). On
the other hand, the nonallergic group’ total AQLQ score showed improvement (2594,
p = 0.03), but the allergic group’s score (212.3, p = 0.12) did not. Among the patients
covered, 22 out of 23 (95.7%) had at least one adverse event. In the omalizumab
group, the most often reported adverse event was a common cold, which happened
more frequently in the treatment group than in the control group (p = 0.02). In the
omalizumab group, one patient died of lymphoblastic lymphoma a year after the
research began. It is noteworthy that the analysis did not include four out of eight
patients (or 50%) in the control group.

A randomized, double-blind, placebo-controlled study of anti-IgE for CRS
was carried out by Pinto et al. [26] in 14 patients (12 of 14 with CRSwWNP) who
were not responding to conventional therapy. It was necessary for participants to
have serum total IgE levels between 30 and 700 IU/ml. For 6 months, all patients
received subcutaneous injections of either placebo or omalizumab at a rate of
0.016 mg/kg per IU every 2 to 4 weeks. The SNOT- 20 scores did not significantly
differ between the treatments (median omalizumab —5.5, placebo —2.3, p < 0.60).
Over the course of the study, the omalizumab group showed a clinically significant
improvement (defined as at least 0.8) in their median change in SNOT-20 scores,
while the placebo group showed no clinically significant change (—1.05 vs. -0.20,

p < 0.78). All domains showed no significant differences between treatments, with
the exception of vitality (p < 0.05; omalizumab 9.4, placebo 12.5). Comparing the
omalizumab and placebo groups, there were no statistically significant differences
in the sinus opacity in the CT scan, the median change in the percentage of eosino-
phils in nasal lavage, the median PNIF, the total nasal symptom scores, or the results
of nasal endoscopy. Omalizumab-using patients utilized less antibiotics (0 vs. 1,

p < 0.32) and fewer doses of steroids (median 0 vs. 1, p < 0.043) during the trial
than placebo-using patients. During the trial, no negative outcomes or side effects
happened [26].

In a meta-analysis study conducted by Qingwu Wu et al. [27, 28], randomized con-
trolled studies comparing placebo and omalizumab in adult patients with CRSwNP,
administered for a minimum of 16 weeks. Four randomized controlled trials with a
total of 303 participants were found. Nasal Polyps Score (MD = —1.20; 95% CI —1.48
to —0.92), Nasal Congestion Score (MD = —0.67; 95% CI —0.86 to —0.48), Sino-Nasal
Outcome Test-22 (MD = —15.62; 95% CI —19.79 to —11.45), Total Nasal Symptom
Score (MD = —1.84; 95% CI —2.43 to —1.25), and decreased surgical requirement
(risk ratio (RR) = 5.61; 95% CI 1.99 to 15.81) were among the significantly different
outcomes when omalizumab was compared to placebo. The probability of adverse
events (RR = 0.83; 95% CI 0.60 to 1.15), significant adverse events (RR = 1.40; 95% CI
0.29 to 6.80), and rescue systemic corticosteroid (RR = 0.52; 95% CI 0.17 to 1.61) did
not vary either. In conclusion, omalizumab was shown to be safe and well-tolerated,
and it improved endoscopic, clinical, and patient-reported outcomes in people
with moderate to severe CRSWNP. Regarding adverse effects, current research on
anti-immunoglobulin-E (IgE) therapy indicates a very low risk of anaphylaxis [27];
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however, there is some evidence linking the drug to venous and arterial thromboem-
bolic events that result in cardiovascular and cerebrovascular accidents [29].

8.1 Conclusion

There is a need for and an ongoing demand for larger population studies because
the current studies’ sample populations were too small. The literature recommends
that Anti-IgE usage in CRSWNP cannot currently be recommended due to a lack of
accessible data.

9. Anti-IL5

In the past, systemic and topical corticosteroids, long-term antibiotics, and sur-
gery have all been used to treat CRS. Even with the application of optimal practices,
some patients continue to have recalcitrant disease. Final development into an eosino-
phil requires interleukin 5 (IL-5), which also increases the mature cell’s survival time
within the tissue [30]. The care of patients with nonallergic asthma and CRSwNP may
involve IL-5 as a target due to its observed elevation in nasal polyp tissue [31].

Bachert et al. conducted a double-blind, randomized, placebo-controlled experi-
ment; patients with recurrent nasal polyposis who needed surgery were enrolled if they
were between the ages of 18 and 70. In addition to daily topical corticosteroid treat-
ment, patients received 750 mg intravenous mepolizumab or placebo every 4 weeks
for a total of six treatments [26]. The number of patients who were no longer in need
of surgery at Week 25 was the main outcome, which was determined by combining the
endoscopic nasal polyp score with the visual analogue scale (VAS) score for nasal pol-
yposis severity. Patient-reported outcomes (PRO), safety, improvement in individual
VAS symptoms (rhinorrhea, mucus in the throat, nasal blockage, and sense of smell),
and change in the nasal polyposis severity VAS score were among the secondary objec-
tives. Mepolizumab (n = 54) or a placebo (n = 51) was administered to 105 patients.
When compared to the placebo group, a considerably higher percentage of patients
in the mepolizumab group (16[30%] vs. 5[10%], respectively, P = 0.006) no longer
needed surgery. The nasal polyposis severity VAS score, endoscopic nasal polyp score,
individual VAS symptom ratings, and SNOT-22 PRO score significantly improved in
the mepolizumab group as compared to the placebo group. In terms of safety, mepoli-
zumab was similar to a placebo. In conclusion, mepolizumab medication resulted in a
higher improvement in symptoms and a reduction in the need for surgery compared to
placebo in individuals with recurrent nasal polyposis on topical corticosteroids.

Gevaert et al. conducted a double-blind study conducted on thirty patients who
had severe nasal polyposis (grade 3 or 4, or recurring after surgery) and were not
responding to corticosteroid therapy. The patients were randomly assigned to receive
either a placebo (n510) or two single intravenous injections of 750 mg of mepoli-
zumab (n520) spaced 28 days apart [32]. Monthly assessments of the change from
baseline in NPscore were conducted until week 8, 1 month following the last dose. At
week eight, computed tomographic scans were also carried out. At week 8 relative to
baseline, 12 out of 20 patients on mepolizumab had a substantially better NP score
and computed tomographic scan score than 1 out of 10 patients on placebo. In conclu-
sion, in 12 out of 20 individuals, mepolizumab produced a statistically significant
decrease in NP size for at least 1 month following dosage. A possible new treatment
strategy for those with severe eosinophilic nasal polyposis is IL-5 inhibition.
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9.1 Conclusion

Because the evidence shown a considerable reduction in patients’ need for surgery
and an improvement in their symptoms, literature reviews recommend the use of
mepolizumab in individuals with CRSwNP that is difficult to treat.

10. Anti-IL4/1L13

Strong type 2 immune mediators, IL-4 and IL-13, have different and overlapping
roles. Both IL-13 and IL-4 play a significant role in IgE synthesis, eosinophil activa-
tion, mucus secretion, and airway remodeling. They also partially share receptors and
signaling pathways. By starting T cell development toward the TH2 subtype, IL-4 is
a key differentiating agent that drives a TH2 type response. Moreover, type 2-related
chemokines and cytokines as TARC, fotaxin, IL-5, IL-9, and IL-13 are produced in
response to IL-4. Additionally, the primary factors that cause B cells to flip their iso-
type class and generate Ig are IL-4 and IL-13. Dupilumab is a subcutaneous injection-
based completely human monoclonal antibody targeting the IL-4 receptor subunit
that blocks IL-4 and IL-13 signaling [28].

Bachert et al. conducted a 16-week follow-up randomized, double-blind, placebo-
controlled parallel-group trial that involved 60 adults with chronic sinusitis and
nasal polyposis who were not responding to intranasal corticosteroids. The study was
carried out at 13 sites in the US and Europe between August 2013 and August 2014
[29]. Subcutaneous dupilumab (a 600 mg loading dose followed by 300 mg weekly;

n = 30) or placebo (n = 30) plus mometasone furoate nasal spray for 16 weeks. Any
changes in the primary end point were recorded, including endoscopic nasal polyp
score at 16 weeks (range, 0-8; larger scores indicate worse condition). The 22-item
SinoNasal Outcome Test score (range, 0-110; higher scores indicating worse quality
of life; minimal clinically important difference = 8.90), the Lund-Mackay computed
tomography (CT) score (range, 0-24; higher scores indicate worse status), the sense
of smell as measured by the University of Pennsylvania Smell Identification Test
(UPSIT) score (range, 0-40; higher scores indicate better status), symptoms, and
safety were among the secondary end points. Fifty patients (mean [SD] age, 48.4 years
[9.4 years], 34 men [56.7%], and 35 with concomitant asthma) who were randomly
assigned were all enrolled in the trial; fifty-one of them finished it. The nasal polyp
score exhibited a least squares (LS) mean change of —0.3 (95%CI, —1.0 to 0.4) when
administered placebo and — 1.9 (95%CI, —2.5 to —1.2) when administered dupilumab
(LS mean difference, —1.6 [95%CI, —2.4 to —0.7]; P < .001). For the Lund-Mackay CT
total score, the LS mean difference between the two groups was —8.8 (95%CI, —11.1 to
—6.6; P < .001). The 22-item SNOT showed significant improvements with dupilumab
(LS mean difference between groups, —18.1 [95%CI, —25.6 to —10.6]; P < .001), as did
the UPSIT, which measured sense of smell (LS mean difference, 14.8 [95%CI, 10.9 to
18.7]; P < .001). Nasopharyngitis (33% in the placebo group vs. 47% in the dupilumab
group), injection site responses (7 vs. 40%, respectively), and headache (17 vs. 20%)
were the most frequent side effects. In conclusion after 16 weeks, the endoscopic nasal
polyp load in persons with symptomatic chronic sinusitis and nasal polyposis unre-
sponsive to intranasal corticosteroids was lower when subcutaneous dupilumab was
added to mometasone furoate nasal spray as opposed to mometasone alone [29].

Bachert et al. conducted a two international, multicenter, parallel-group, random-
ized, double-blind, and placebo-controlled trials evaluated the addition of dupilumab
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to the standard of therapy for people with severe CRSwNP. SINUS-52 was conducted
in 117 centers across 14 nations, while SINUS-24 was conducted in 67 centers across

13 countries. Patients must have been 18 years of age or older, have bilateral CRSwNP,
and still be experiencing symptoms even after using intranasal corticosteroids, getting
systemic corticosteroids within the last 2 years, or having undergone sinonasal surgery
[30]. For a duration of 24 weeks, patients in SINUS-24 were randomized (1:1) to receive
subcutaneous dupilumab 300 mg or a placebo every 2 weeks. In SINUS-52, patients
were randomized (1:1:1) to receive placebo every 2 weeks for 52 weeks, dupilumab

300 mg every 2 weeks for 24 weeks and then every 4 weeks for the final 28 weeks.
Using a permuted block randomization schedule, all patients were assigned at random
centrally. Randomization was stratified by nation, prior surgery at screening, and
status of respiratory disease aggravated by nonsteroidal anti-inflammatory drugs or
asthma at screening. Included were patients with and without co-occurring asthma. In
an intention-to-treat population, coprimary outcomes included changes in nasal polyp
score (NPS) from baseline to week 24, nasal congestion or obstruction, and sinus Lund-
Mackay CT scores (a coprimary endpoint in Japan). A pooled population comprising
the dupilumab group in SINUS-52 up to week 24, the dupilumab group in SINUS-24,
and the placebo groups in both studies up to week 24 was used to evaluate safety. The
results showed a significant and clinically meaningful decrease in MD was observed

in the SNOT-22 score (scale 0-110) after 4—6 months (784 individuals; two studies;

2 = 0%). At 4-6 months, the rhinosinusitis disease severity (VAS) demonstrated a
substantial and clinically meaningful decline of MD - 2.54 (95% CI —2.84-—-2.23);

two studies; 784 participants; 12 = 40%). A noteworthy and clinically meaningful
decrease of MD - 0.86 (95% CI —0.98——0.75); 784 individuals; two studies; 12 = 0%)
was observed in the nasal congestion/obstruction score at 4-6 months. The UPSIT
was utilized to assess smell. A significant and clinically meaningful drop of MD 10.83
(95% CI 9.59-12.08); 784 individuals; two studies; 12 = 0%) was observed in the UPSIT
score at 4-6 months. In these investigations, the primary endpoint was the nasal

polyp score. In these trials, the average nasal polyp score was approximately 6, which
denotes a serious polyp illness. In two investigations with 784 patients, the nasal polyp
score at 4-6 months shown a significant decrease of MD —1.79 (95% CI —2.01-—1.56);
12 = 65%. At 4-6 months, the Lund-Mackay score (scale 0-48) revealed a significant
decrease in SMD —1.50 (95% CI —1.84——1.16); there were 784 individuals in two
investigations, with an I2 of 71%. Lastly, there was a notable effect on FEV1 and ACQ.
Both studies demonstrated a significant improvement over placebo; however, the data
could not be merged into a meta-analysis because ACQ5 and ACQ6 were employed.

A meta-analysis of the FEV1 data revealed a substantial improvement in FEV1 (1)

at 4-6 months of MD 0.21 (95% CI 0.20 — 0.22); there were 488 participants in two
investigations, with an I2 of 0%. The most frequent side effects with placebo included
headache, epistaxis, injection-site erythema, worsened nasal polyps and asthma, and
rhinopharyngitis [30].

In a phase III trial study done by Anju et al. individuals with severe CRSWNP with
or without concurrent AR were studied for the safety and effectiveness of dupilumab
using this post hoc approach. This study used SINUS-24 weeks or SINUS-52 weeks
protocol for dupilumab injections [33]. The analysis involved patients who were
randomized every 2 weeks for 24 (SINUS-24) or 52 weeks (SINUS-52) to receive
subcutaneous dupilumab 300 mg (n = 438) or placebo (n = 286). The first 24 weeks of
treatment’s pooled data are shown. The patient’s self-reported history of allergic rhi-
nitis (AR) status was used to examine changes from baseline in illness outcome mea-
sures and biomarker levels. In all, 46.7% (338 out of 724 patients) had AR. Patients
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with and without AR had largely comparable baseline characteristics. There was no
discernible treatment difference between patients with and without AR at week 24,
and dupilumab dramatically improved objective and patient-reported markers of
CRSwNP, including loss of smell. It also lowered systemic and nasal biomarker levels
compared placebo. Regardless of AR status, there was a substantial decrease in the
use of systemic corticosteroids and/or sinonasal surgery with dupilumab compared
to placebo (p < 0.0029). Dupilumab’s safety profile was comparable in those with and
without AR. In patients with severe CRSwNP, dupilumab showed statistically signifi-
cant improvements in both clinical end goals and symptom scores when compared

to placebo, regardless of concomitant AR status—a common patient subgroup that is
frequently linked to worse CRSWNP outcomes [33].

In a meta-analysis conducted by Qingwu Wu [34], the included nine RCTs involved
1190 patients comparing three distinct biologics (omalizumab, mepolizumab, and
dupilumab) with the placebo. Dupilumab demonstrated the highest level of efficacy
for surface under the cumulative ranking curve (SUCRA) values of 0.900, 0.916,
1.000, and 0.807, respectively, for nasal polyp score (NPS), SNOT-22 score, University
of Pennsylvania Smell Identification Test (UPSIT) score, and nasal congestion score
(NCS). When it came to SUCRA values of 0.606, 0.500, and 0.693, omalizumab was
the most effective drug in terms of SNOT-22, UPSIT, and NCS. For SUCRA values of
0.563, mepolizumab placed second in terms of NPS effectiveness, while for SUCRA
values of 0.746, mepolizumab had the greatest risk of adverse events (AEs). In conclu-
sion Omalizumab is the second-best option for CRSWNP, whereas dupilumab is the
best option based on safety (AEs) and effectiveness (NPS). Mepolizumab had the
highest risk of adverse events (AEs) while having the second-best effectiveness rating.

10.1 Conclusion

Because the evidence shown a considerable reduction in patients’ need for surgery
and an improvement in their symptoms, we recommend the use of dupilumab in
individuals with CRSwNP that is difficult to treat.

11. Antihistamine

It is unknown how sensitization functions in CRSsNP. One may be tempted to
hypothesize that an atopic person is more susceptible to developing CRS if they have
allergic irritation in their nose. Nevertheless, there are contradictory studies assess-
ing atopy as a risk factor for CRS. In a DBPCT, Haye et al. [35] randomly assigned
45 CRSwNP patients (16 of whom had allergies) to receive a placebo or 20 mg of
cetirizine for a duration of 3 months. Cetirizine, according to the authors, decreased
the number of days with a score for nasal sneeze and rhinorrhea that was less than
one. At all time periods, the cetirizine-treated group experienced a score of 90-100%
compared to the placebo group’s 70-80% for rhinorrhea and 80-90% for sneezing.
Nevertheless, information about individuals with and without allergies was not
provided individually. The cetirizine had no influence on the size of nasal polyps.

11.1 Conclusion

When comparing antihistamines with placebos, the GRADE quality of the evi-
dence was extremely low. Due to the limited number of studies and the absence of the
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most significant effectiveness measures, the evidence was downgraded. The effective-
ness of regularly administering antihistamines to people with CRS is not established
well enough. No meta-analysis is found in litertaure.

12. Anti-leukotrienes

Eosinophils and mast cells produce a family of inflammatory mediators called
cysteineyl leukotrienes (CysLT) by breaking down arachidonic acid. CysLT are known
to promote bronchoconstriction, mucus formation, edema, and neutrophil and
eosinophil chemotaxis, and they may also have a role in the pathogenesis of asthma,
rhinitis, and maybe CRSWNP.

Asthma, allergic rhinitis, and CRS with nasal polyposis (CRSWNP) have all been
linked to the overproduction of CysLTs and overexpression of the receptor.

In a systemic review conducted by Wentzel et al. [36], studies evaluating the
impact of leukotriene antagonists (LTAs) on clinical outcome markers of CRSwNP
were included in a systematic review. Trials evaluating LTAs in CRS without nasal
polyps or asthma symptoms alone met the exclusion criteria. The aim of this study
is to evaluate the effects of LTA therapy on immunological markers, objective clini-
cal outcomes, and nasal symptoms in CRSWNP, both alone and in combination with
intranasal corticosteroids (INCSs). Twelve studies met the qualifying requirements:
seven case series and five randomized control trials. Compared to placebo, LTAs
significantly reduced CRSwNP symptoms; however, a meta-analysis of these random-
ized studies was not possible. The two studies that were included in the meta-analysis
revealed that there was no difference in the treatment modalities, with a standardized
mean difference of pooled total symptom scores between the LTA and INCS study
arms of 0.02 (95% confidence range, —0.39-0.44). All trials reported improvements
in immunological markers, clinical outcomes, and/or symptoms following LTA
therapy; larger improvements were noted in a subset of symptoms compared to those
seen with INCSs. Atopy, aspirin-exacerbated respiratory disorders, and concurrent
asthma did not consistently or substantially alter these findings.

In a randomized controlled trial that evaluated adding montelukast to intransal
spry therapy for chronic rhinosinusitis patients. In this study conducted by Suri et al.
[37], 40 adult CRSwNP patients were randomly assigned to two groups. The subjects
received budesonide nasal spray for 8 weeks, either with or without additional oral
montelukast, and oral prednisolone for 14 days. After 8 weeks of therapy, subjects
receiving supplemental oral montelukast reported a statistically significant improve-
ment in their overall symptom score, sense of smell, and sneezing, which persisted for
4 weeks after the medication was stopped.

13. Conclusion

The data comparing placebo and montelukast was of extremely poor quality. The
limited number of research and patients in the studies resulted in a downgrading of
the evidence. The literature does not advise its usage unless a patient is unable to take
nasal corticosteroids, based on the data currently available. Furthermore, the data
contrasting montelukast with nasal corticosteroids is of low quality. The literature
does not advise combining montelukast with nasal corticosteroids based on the avail-
able data. No meta-analysis is found.
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Chapter 4

Psychological Impact of Rhinology
Disorders

Zahva Ebvahim Soltani and Mohammad Elahi

Abstract

Rhinology disorders, including sinusitis, rhinitis, allergic diseases, and structural
problems, often go unnoticed and undertreated. Yet, these seemingly localized issues
can have far-reaching effects. Over time, problems in the rhino-sinus and upper
airway systems can impact the nervous system, social interactions, and psychological
well-being. Patients may experience anxiety, depression, and difficulties with learn-
ing, memory, and social behavior. These hidden complications are crucial for health-
care professionals to recognize, as addressing them can significantly improve patients’
quality of life. This chapter will delve deeper into the intricate relationship between
rhinology disorders and psychological impacts, exploring the possible underlying
mechanisms. It will offer insights into effective management and treatment strategies,
aiming to empower healthcare professionals to provide holistic care that encompasses
the physical, psychological, and social aspects of their patients’ lives.

Keywords: rhinitis, rhinosinusitis, olfactory bulb, depression, anxiety, cognition,
behavior, mood, psychiatry, psychology

1. Introduction

Rhinology disorders, while predominantly recognized for their physical manifes-
tations, conceal a profound psychological impact that is often overlooked in clinical
practice. This chapter seeks to illuminate the intricate connections between rhinol-
ogy disorders and mental health, offering healthcare professionals a comprehensive
understanding of the emotional burdens these conditions impose on patients. By
exploring the psychological ramifications of chronic rhinosinusitis, nasal polyps,
allergic rhinitis, and other related disorders, we aim to reveal the extensive influence
these ailments have on quality of life and mental well-being. Through this explora-
tion, we will provide valuable insights and strategies to enhance patient care, empha-
sizing the importance of addressing both the physical and psychological aspects of
rhinology disorders.

Understanding the psychological impact of rhinology diseases is crucial for several
reasons, as these conditions often extend beyond physical symptoms to profoundly
affect mental health and overall quality of life. Here are key reasons why this under-
standing is essential:
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Comprehensive patient care: rhinology diseases often lead to persistent discom-
fort, pain, and functional impairments. These physical symptoms can contribute
to significant psychological distress, including anxiety, depression, and sleep dis-
turbances. Acknowledging the psychological dimensions of these conditions allows
healthcare providers to offer more holistic and effective patient care, addressing both
physical and mental health needs.

Improved quality of life: patients with rhinology disorders frequently experience a
diminished quality of life due to ongoing symptoms such as nasal congestion, head-
aches, and reduced sense of smell. These symptoms can interfere with daily activities,
social interactions, and work productivity. Understanding the psychological impact
helps in developing targeted interventions that can alleviate these symptoms and
improve patients’ overall well-being.

Enhanced treatment outcomes: psychological factors can influence the course
and treatment outcomes of rhinology diseases. For instance, stress and mental health
conditions can exacerbate physical symptoms and hinder recovery. By integrating
psychological assessment and support into the treatment plan, healthcare providers
can enhance adherence to medical regimens, promote healthier coping strategies, and
ultimately achieve better clinical outcomes.

Identification of comorbidities: patients with rhinology disorders often have
comorbid psychological conditions that may go unrecognized and untreated.
Understanding the psychological impact helps in early identification and manage-
ment of these comorbidities, ensuring that patients receive comprehensive care that
addresses all aspects of their health.

Patient-centered care: a patient-centered approach to healthcare emphasizes the
importance of understanding the full spectrum of a patient’s experience, including
their psychological and emotional well-being. By recognizing and addressing the
psychological impact of rhinology diseases, healthcare providers can build stronger
therapeutic relationships, improve patient satisfaction, and empower patients to take
an active role in their care.

Public health implications: rhinology disorders are prevalent and can lead to
significant healthcare utilization and economic burden. By understanding the psy-
chological impact, public health strategies can be developed to support mental health
initiatives, improve access to comprehensive care, and reduce the overall burden of
these diseases on the healthcare system.

Research and education: highlighting the psychological impact of rhinology
diseases encourages further research into the biopsychosocial aspects of these condi-
tions. It also underscores the need for interdisciplinary education, ensuring that
healthcare professionals are equipped with the knowledge and skills to address both
the physical and psychological needs of their patients.

2. Common rhinology disorders and their association with psychologic
problems

2.1 Chronic rhinosinusitis

Chronic rhinosinusitis (CRS) significantly impacts patients’ mental health, with
a strong correlation between CRS and psychological disorders such as depression and
anxiety. Depression in patients with CRS is often underdiagnosed, yet it profoundly
affects treatment outcomes and healthcare utilization. Depression scores using the
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Beck Depression Inventory (BDI) are higher in patients with CRS, even when control-
ling for other comorbid conditions such as asthma, allergies, and aspirin sensitivity.
Notably, depression appears more prevalent in patients with CRS without nasal
polyps (CRSsNP) compared to those with nasal polyps (CRSwNP). Nearly one-third
of CRS patients screened positive for depression, indicating the need for routine
mental health evaluations in this population [1, 2].

Patients suffering from both chronic sinusitis and nasal polyps are significantly
more likely to experience depression and anxiety. The relationship between CRS and
psychological disorders is bidirectional; while CRS exacerbates mental health issues,
these psychological conditions can also worsen the symptoms and management of
CRS. For example, patients with CRSWNP are often associated with more severe
clinical disease, possibly because they are more likely to seek treatment early due
to frequent associations with asthma and allergic rhinitis. This continuous medical
attention may help mitigate some psychological impacts, although it does not elimi-
nate them [3, 4].

Longitudinal studies reinforce the chronic nature of the psychological burden
associated with CRS. In a large cohort study of over 48,000 participants, the inci-
dence of depression and anxiety was significantly higher in the group with CRS
compared to a control group over an 11-year follow-up period. Interestingly, the
adjusted hazard ratio for developing depression and anxiety was higher in patients
with CRSsNP than those with CRSwNP. This distinction highlights that while
CRSwNP might lead to more severe physical symptoms and require frequent medical
intervention, CRSsNP can have a more profound impact on mental health, possibly
due to the chronic, lingering nature of the disease that may not prompt immediate
clinical attention [4].

The relationship between CRS and psychological disorders is complex and mul-
tifaceted. For instance, while anxiety scores in CRS patients with asthma improved
with pharmacological treatment, depression scores did not show the same improve-
ment, suggesting that anxiety might be closely related to the severity of airway
disease, whereas depression could be more independent of the physical symptoms of
CRS. This finding underscores the necessity for separate mental health care pathways
for managing depression in CRS patients. Furthermore, despite the high prevalence
of mental health issues among CRS patients, the rates of depression did not differ
significantly between those who underwent surgical treatment and those who did
not, indicating that surgical interventions alone may not be sufficient to address the
psychological impacts of CRS [3].

In conclusion, the interplay between chronic rhinosinusitis and psychological
disorders like depression and anxiety necessitates an integrated approach to treatment
that addresses both physical and mental health aspects. Routine screening for depres-
sion and anxiety in CRS patients should become a standard practice, and mental
health interventions should be tailored to the unique needs of CRS patients. This
holistic approach can potentially improve overall treatment outcomes and enhance
the quality of life for those suffering from this chronic condition.

2.2 Nonallergic and allergic rhinitis

Rhinitis, encompassing both allergic rhinitis (AR) and nonallergic rhinitis (NAR),
is significantly associated with psychological disorders, particularly depression and
anxiety. Individuals with rhinitis are more prone to developing depression, with
the risk being notably higher in patients with NAR compared to those with AR. The
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severity of rhinitis symptoms, rather than their persistence or seasonality, is the most
critical factor influencing mental health outcomes. Severe symptoms are linked to a
worse quality of life, poor sleep, and elevated levels of anxiety and depression. The
continuous discomfort and impairment caused by rhinitis symptoms can lead to frus-
tration and feelings of helplessness, further exacerbating psychological distress [5-7].

The psychological impact of rhinitis is further compounded by the presence of
comorbid conditions. Patients with rhinitis are more likely to suffer from asthma,
chronic bronchitis, and emphysema, contributing to their overall poorer health
status. This burden of comorbidities correlates with a higher prevalence of significant
depression, particularly among women. The physical strain and discomfort from
these associated conditions can intensify mental health challenges, creating a cycle of
worsening physical and psychological symptoms. Both AR and NAR are associated
with increased frequencies of anxiety and depression, with NAR presenting a stron-
ger association. The unpredictability and chronic nature of these conditions can lead
to constant anxiety about managing symptoms and their impact on daily life [6, 8].

In addition to depression and anxiety, rhinitis has been linked to other serious
mental health conditions. Adolescents with AR, for instance, have a significantly
higher incidence of developing bipolar disorder later in life [9]. Furthermore, young
patients with AR may experience difficulty in learning and attention, which can
impact academic performance and social development [10]. These cognitive and
attention deficits highlight the broader impact of rhinitis beyond immediate physi-
cal discomfort, affecting long-term educational and developmental outcomes. This
highlights the potential long-term psychological effects of rhinitis, suggesting that
early and comprehensive management is crucial in mitigating these impacts [7, 11].

Moreover, the impact of rhinitis on sleep is a critical factor linking it to psycho-
logical problems. Poor sleep quality and insomnia are common in individuals with
severe rhinitis symptoms, leading to fatigue, irritability, and difficulty concentrating.
Chronic sleep disturbances are well-known contributors to anxiety and depression,
creating a feedback loop where psychological distress can further disrupt sleep.
Addressing sleep issues through both pharmacological and behavioral interventions
can significantly improve the overall mental health and quality of life for rhinitis
patients. Effective management of sleep disturbances can break this cycle, providing a
foundation for better psychological health [10, 12, 13].

These complex and varied associations underscore the necessity for healthcare
professionals to adopt a holistic approach in managing rhinitis, considering both the
physical symptoms and the profound psychological impacts. By understanding these
connections, healthcare providers can develop more effective treatment strategies
that address the full spectrum of patient needs, ensuring a higher quality of life and
better mental health outcomes for those affected by rhinitis. Integrating mental
health support into the care plan for rhinitis patients can facilitate early identification
and treatment of psychological issues, promoting a more comprehensive approach to
health and well-being.

2.3 Olfactory bulb dysfunction

Olfactory dysfunction, which includes anosmia (complete loss of smell), hypos-
mia (reduced smell), and hyperosmia (heightened smell), is prevalent in various psy-
chological disorders such as anxiety, depression, schizophrenia, and bipolar disorder.
These dysfunctions often manifest as impairments in odor detection, discrimination,
and identification. The connection between olfactory deficits and mental health
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conditions is crucial as it impacts the diagnosis, treatment, and overall well-being of
patients [14, 15].

In anxiety disorders, such as generalized anxiety disorder (GAD) and panic
disorder, olfactory dysfunction is common. Patients with moderate to severe anxiety
exhibit significant deficits in odor discrimination and identification, which correlate
inversely with anxiety severity. This suggests that the poorer the olfactory function,
the more severe the anxiety symptoms. Moreover, in panic disorder, a lower odor
threshold is often found, indicating that these patients are more sensitive to odors,
which correlates with the severity of their symptoms [14, 16-18].

Depression also significantly impacts olfactory function. Patients with depression
commonly exhibit impairments in odor threshold, discrimination, and identification,
with the olfactory threshold being the most notably affected. Olfactory dysfunction is a
potential biomarker for depression, with successful treatment often reversing these defi-
cits. Interestingly, olfactory training has been shown to improve depressive symptoms,
although the results are somewhat controversial. These findings underscore the impor-
tance of considering olfactory assessments in the management of depression [19-24].

Schizophrenia is another condition where olfactory dysfunction is prevalent.
Patients with schizophrenia, especially those in the early stages of psychosis or at
high risk, often show impaired odor identification and discrimination. While some
individuals with schizophrenia may experience olfactory hallucinations, these are not
directly linked to the general olfactory deficits observed, suggesting different under-
lying neural mechanisms. The olfactory impairments in schizophrenia are associated
with negative symptoms and reduced social and cognitive functioning, highlighting
the need for comprehensive olfactory evaluations in these patients [25].

Bipolar disorder also shows a notable link with olfactory dysfunction. Patients,
even during euthymic phases, often display impaired odor thresholds and reduced
odor identification capabilities. However, olfactory discrimination does not seem
to be significantly affected. The severity of clinical symptoms in bipolar disorder
negatively correlates with odor sensitivity but not odor identification, suggesting a
nuanced relationship between olfactory function and mood episodes. This relation-
ship highlights the importance of olfactory assessments in understanding and manag-
ing bipolar disorder [20, 26].

The recent COVID-19 pandemic has brought additional focus to the link between
olfactory dysfunction and psychological distress. COVID-19 often causes nasal
inflammation leading to significant olfactory impairments, which can result in long-
lasting neuropsychiatric sequelae. COVID-19-related anosmia can profoundly impact
perceived quality of life and psychological well-being. This highlights the importance
of olfactory function not just as a sensory ability but as a critical component of overall
mental health. Additionally, other viruses, such as influenza and the common cold
(caused by rhinoviruses and coronaviruses), have been shown to affect the olfactory
bulb, leading to temporary or sometimes prolonged olfactory dysfunction. These viral
infections can also trigger inflammatory responses in the nasal passages and olfactory
pathways, contributing to sensory deficits and subsequent psychological impacts.
These findings reinforce the need for integrated care approaches that address both
olfactory and mental health in patients affected by olfactory dysfunction [27-29].

2.4 Structural nose problem

Structural nose problems, such as a deviated nasal septum, enlarged turbinates,
and nasal polyps, can lead to significant nasal obstruction and congestion. These
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anatomical abnormalities can cause chronic nasal obstruction, which not only impairs
physical health but also has profound psychological effects. The persistent nature of
nasal obstruction often leads to frustration and can severely impact the quality of life.
This chronic frustration can, in turn, contribute to the development of anxiety and
depression [30].

One of the primary ways in which nasal obstruction impacts mental health is
through its effect on sleep quality. Adequate sleep is essential for maintaining mood
and overall mental health. Nasal obstruction can cause sleep disturbances such as
sleep apnea or chronic snoring, which result in poor sleep quality [31]. Sleep depriva-
tion has been closely linked to mood disorders, including anxiety and depression.
Thus, individuals with chronic nasal obstruction are at a higher risk of developing
these psychological conditions due to the compounded effects of disrupted sleep and
the frustration caused by persistent breathing difficulties [32, 33].

Patients with unilateral or bilateral complete nasal obstruction exhibit higher
psychiatric symptom scores across various personality traits. Although the scores for
psychiatric symptoms were elevated in these patients, significant differences were
noted particularly in dependent and antisocial personality traits compared to healthy
controls [34]. This suggests that structural nose problems not only affect physical
health but also influence personality characteristics and psychological well-being. The
presence of higher scores for depression and anxiety, even if not significantly differ-
ent from controls, highlights the mental health burden carried by patients with nasal
obstruction [30, 34].

Nasal surgery, such as septoplasty or septorhinoplasty, has been shown to alleviate
nasal symptoms and improve nasal obstruction. Interestingly, these surgical interven-
tions also have positive effects on psychiatric symptoms. Patients with structural
nasal problems and accompanying psychiatric symptoms can experience signifi-
cant improvements in their mental health following corrective nasal surgery [35].
However, studies have suggested that isolated nasal surgery does not have a significant
impact on apnea-hypopnea index in patients with obstructive sleep apnea [36]. This
underscores the importance of a holistic approach in treating nasal obstruction,
where both physical and psychological aspects are considered. Patients with person-
alities of dependent and antisocial personality disorders, in particular, may benefit
from such surgical interventions, suggesting a close interplay between nasal structure
and personality traits [34, 37].

Given the significant impact of structural nose problems on mental health, it is
crucial for healthcare providers to adopt a multidisciplinary approach in manag-
ing these conditions. Evaluating patients from both an otorhinolaryngological and
psychological perspective can ensure comprehensive care.

2.5 Granulomatosis with polyangiitis

Wegener’s granulomatosis, now more commonly referred to as granulomatosis
with polyangiitis (GPA), is a type of vasculitis that involves the inflammation of small
and medium-sized blood vessels, often affecting the upper respiratory tract. Patients
with GPA usually experience persistent nasal congestion and obstruction which are
common due to inflammation and swelling of the nasal passages. While the physical
manifestations of GPA are well-documented, the psychological impacts are equally
significant but less frequently addressed. Research has revealed a high prevalence
of psychiatric disorders among GPA patients, with paranoia and depression being
particularly common. Additionally, there is a notable correlation between these
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psychiatric disorders and the neuroticism personality trait, suggesting that personal-
ity factors may influence the mental health outcomes of GPA patients [38].

Furthermore, psychosis has been reported as an initial manifestation in some
cases of GPA, illustrating the severe psychological impact this disease can have.
Some cases highlight the acute psychiatric symptoms that can arise in GPA [38, 39].
These cases underscore the potential for GPA to manifest with severe psychiatric
symptoms, necessitating appropriate psychiatric intervention. Such cases, although
rare, emphasize the importance of healthcare providers being vigilant about the
psychiatric dimensions of GPA to ensure comprehensive treatment that addresses
both the physical and mental health needs of the patient.

Depression, anxiety, sleep disturbances, and fatigue are common yet inadequately
addressed comorbidities in GPA. These psychiatric conditions significantly impair
the quality of life of GPA patients. Factors such as age, body mass index (BMI), and
disease damage have been identified as predictors of depression in these patients.
Targeting these potentially modifiable factors could help improve the psychological
well-being of GPA patients [40].

The impact of GPA on daily life extends beyond the individual’s physical health.
There are substantial medical and functional morbidity among GPA patients. Many
patients require long-term immunosuppressive treatment and experience significant
reductions or constraints in their daily activities. These limitations negatively affect
patients’ normal daily living, employment, and income, as well as their family and
close relationships. The substantial burden on quality of life highlights the need for
a holistic approach in managing GPA, incorporating both medical treatment and
psychosocial support [40, 41].

While depression is highly prevalent among patients with primary systemic
vasculitis and associated with poorer outcomes, there is a need for further research
specifically focusing on medium and large vessel vasculitis to better understand and
address the psychological dimensions of these conditions. Overall, the psychological
burden of GPA is profound, necessitating comprehensive care strategies that address
both the physical and mental health aspects to improve patient outcomes and quality

of life.

3. Mechanisms linking rhinology disorders and mental health
3.1 Inflammation and immune system mechanisms

The molecular mechanisms linking rhinological diseases to psychological dis-
orders are intricately connected through pathways of inflammation and immune
responses. Inflammatory responses in rhinological conditions have profound systemic
effects, particularly influencing the central nervous system (CNS). CRS is predomi-
nantly associated with type 2 inflammation, where activated T helper (Th2) cells
produce cytokines such as IL-4, IL-5, and IL-13. These cytokines facilitate the recruit-
ment of eosinophils and the production of IgE antibodies, perpetuating a cycle of
chronic inflammation and tissue remodeling [14, 42].

Elevated levels of IgE, frequently observed in AR, can cross the blood-brain bar-
rier (BBB) and activate microglia, the brain’s resident immune cells. This activation
polarizes microglia to the M1 phenotype, which is associated with the production
of pro-inflammatory cytokines such as IL-1f, IL-6, and TNF-a. These cytokines
not only exacerbate neuroinflammation but also disrupt neuronal function, leading
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to symptoms of depression and anxiety. Additionally, IgE can activate astrocytes,
further amplifying neuroinflammatory processes and potentially leading to neu-
rodegeneration, thereby contributing to cognitive dysfunctions and psychological
disturbances [43-45].

A significant pathway involved in this process is the activation of Fc epsilon RI
alpha (FceRla) by IgE. FceRla is a high-affinity IgE receptor that, when activated by
IgE, can upregulate its expression on immune cells, thereby enhancing the inflam-
matory response. This receptor is crucial in mediating allergic reactions and is found
on various immune cells, including mast cells and basophils. Upon activation, FceRIa
increases BBB permeability and facilitates the infiltration of inflammatory cells into
the CNS. The resulting neuroinflammation can lead to psychological disorders such
as depression and anxiety. FceRIos role in increasing inflammatory cytokines in the
CNS underscores its significance in linking peripheral allergic responses with central
neuroinflammatory processes [46-48].

The role of innate immunity, particularly through the Toll-like receptor 4 (TLR4)
and nuclear factor kappa-light-chain-enhancer of activated B cells (NF-kB) signaling
pathways, is also critical in this context. TLR4 is a pattern recognition receptor that
detects pathogen-associated molecular patterns (PAMPs) and damage-associated
molecular patterns (DAMPs), leading to the activation of the NF-«kB pathway. This
activation triggers the production of various pro-inflammatory cytokines and
chemokines, which are key mediators of the immune response. In rhinological condi-
tions, the persistent activation of TLR4 and NF-kB can lead to chronic inflammation
not only in the nasal passages but also in systemic circulation, impacting the CNS
and contributing to psychological disorders such as behavioral and cognitive changes
[49-51].

Chronic nasal obstruction, as seen in conditions like deviated nasal septum and
enlarged turbinates, can lead to significant sleep disturbances, which are closely
linked to mood disorders. Poor sleep quality and fragmented sleep, common in
obstructive sleep apnea, result in intermittent hypoxia and oxidative stress, which
can cause neuronal injury and cognitive impairments. The inflammatory mediators
released during these episodes of intermittent hypoxia can further disrupt the BBB,
allowing inflammatory cells and cytokines to infiltrate the CNS, thereby promoting
neuroinflammation and psychological distress. The continuous cycle of poor sleep
and heightened inflammation exacerbates symptoms of depression and anxiety, high-
lighting the interconnectedness of sleep, respiratory health, and mental well-being.

Olfactory dysfunction, which is common in conditions like CRS and AR, also
has significant psychological implications. The loss of smell (anosmia) or reduced
olfactory sensitivity (hyposmia) can lead to a diminished quality of life, contributing
to depression and anxiety. Olfactory sensory neurons, when damaged by inflamma-
tion or infection (e.g., SARS-CoV-2), release pro-inflammatory cytokines such as IL-6
and TNF-a. These cytokines can travel to the brain and enhance neuroinflammation,
affecting brain regions involved in mood regulation, such as the hippocampus and
prefrontal cortex. This inflammatory cascade not only impacts mood but also impairs
cognitive functions, leading to learning and memory dysfunctions [14, 52, 53].

Viral infections of the respiratory tract, such as influenza and COVID-19, further
illustrate the link between rhinological diseases and psychological disorders. These
infections trigger systemic inflammatory responses that extend to the CNS. For
instance, the pro-inflammatory cytokines released during and after viral infections
can lead to persistent neuroinflammation, contributing to long-term psychological
effects such as depression and cognitive impairments. Influenza has been associated
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with an increased risk of depression, severe enough to require antidepressant treat-
ment. Similarly, anosmia in COVID-19 patients has been linked to depression, which
can persist for months after the resolution of acute symptoms. This highlights the
role of viral-induced inflammation in the pathophysiology of psychological disorders
[52-54].

In conclusion, the intricate relationship between rhinological diseases and psy-
chological disorders is mediated through complex molecular mechanisms involving
chronic inflammation, immune responses, and neuroinflammation. The activation
of FceRla by IgE plays a crucial role in enhancing BBB permeability and promoting
neuroinflammation, which links peripheral allergic responses to central psychologi-
cal effects. Understanding these pathways provides insight into how conditions like
CRS, AR, and olfactory dysfunction can lead to significant psychological distress and
cognitive impairments. Additionally, the role of TLR4 and NF-kB in mediating innate
immune responses highlights the broader implications of chronic inflammation in the
pathophysiology of both rhinological and psychological conditions. This knowledge
emphasizes the need for comprehensive management approaches that address both
the respiratory and psychological aspects of these conditions, ultimately improving
patient outcomes and quality of life.

3.2 Neurobiological mechanisms

The intricate relationship between rhinological diseases with psychological issues can
be explained through neural mechanisms and signaling pathways. Rhinological diseases
often lead to chronic inflammation, which not only affects the respiratory system but
also has far-reaching effects on the CNS. The olfactory system, which begins with the
olfactory neurons (ONs) in the olfactory epithelium (OE), plays a pivotal role in this
connection. These neurons transmit odor information to the olfactory bulbs (OB), which
then project to secondary olfactory structures such as the anterior olfactory nucleus
(AON), piriform cortex, and olfactory tubercle, eventually reaching tertiary structures
like the orbitofrontal cortex (OFC), insular cortex, and dorsal hippocampus. These
pathways highlight how disruptions in the olfactory system can affect broader neural
circuits involved in mood regulation and cognitive functions [55-57].

The amygdala and the orbitofrontal cortex (OFC) are key components of the
neurocircuitry implicated in anxiety disorders. The primary olfactory cortex, which
includes the cortical amygdala nuclei, transmits odor information to other parts of
the amygdala [58, 59]. Dysfunction in the amygdala, a region crucial for emotional
processing, may be a significant factor linking olfactory dysfunction and anxiety
[16, 57, 59]. Odor discrimination, a central sensory process associated with the
primary olfactory cortex, is correlated with anxiety symptom severity [60]. This sug-
gests that central processing of olfactory information, rather than peripheral sensory
thresholds, is more relevant to the development of anxiety symptoms in patients with
olfactory dysfunction [56].

Inflammation in the anterior cingulate cortex (ACC) is another critical fac-
tor in the development of neuropsychiatric symptoms in conditions such as AR.
Neuroinflammation in the ACC has been linked to anxiety and depression-like behav-
iors in AR. The anatomical proximity between the nasal cavity and the CNS facilitates
the spread of inflammation and neuropeptides released by type C nociceptive nerves
in the nasal cavity, which increase plasma extravasation and glandular secretion.
Dysfunction of these nerves can lead to the release of proinflammatory cytokines,
contributing to both AR and the development of psychological disorders [61].
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CRS and other sinonasal diseases often result from viral or bacterial infections, which
trigger an inflammatory response. Research has shown that sinus inflammation can alter
brain activity, particularly in neural networks that regulate cognition, introspection, and
responses to external stimuli. Functional MRI in CRS patients have revealed increased
amplitude of low-frequency fluctuations (ALFF) in the left orbital superior frontal cor-
tex and reduced connectivity in the right precuneus. These alterations in brain activity
correlate with inflammation severity and psychological symptoms, as indicated by the
positive correlation between ALFF values in the orbital superior frontal cortex and scores
on the hospital anxiety and depression scale (HADS) [2].

The role of different types of neurons, particularly glutamatergic, GABAergic, and
dopaminergic neurons, is critical in understanding how rhinological diseases impact
brain function and contribute to psychological problems. Inflammation and neuroim-
mune responses can alter the balance of excitatory and inhibitory signaling in the
brain [62]. Glutamatergic neurons, which are primarily excitatory, can be affected
by increased levels of pro-inflammatory cytokines, leading to heightened neuronal
excitability and potential excitotoxicity. This imbalance can result in cognitive impair-
ments and mood disorders. Conversely, GABAergic neurons, which are inhibitory,
may be downregulated or dysfunctional in inflammatory conditions, contributing to
reduced inhibition and increased anxiety and depression [63, 64].

Dopaminergic neurons, which are involved in reward processing and motivation,
can also be significantly impacted by inflammatory responses. Chronic inflammation
can alter dopamine signaling pathways, leading to anhedonia, reduced motivation,
and other depressive symptoms [62]. Dopaminergic signaling in regions such as the
prefrontal cortex (PFC) and the ventral tegmental area (VTA) can be disrupted by
inflammation [65]. These disruptions may further contribute to the psychological
symptoms experienced by patients with rhinological diseases.

In summary, the neural mechanisms linking rhinological diseases to psychological
problems involve complex interactions between inflammation, immune responses,
and neural signaling pathways. The olfactory system’s connection to key brain regions
involved in mood regulation, such as the amygdala and OFC, plays a central role.
Chronic inflammation, mediated by pathways such as TLR4/NF-kB and FceRla, leads
to neuroinflammation and disruption of neural circuits, resulting in psychological
disorders. Additionally, the balance of excitatory and inhibitory signaling through
glutamatergic, GABAergic, and dopaminergic neurons is crucial in maintaining nor-
mal cognitive and emotional function. Disruptions in these neuronal pathways due to
inflammation and immune responses underscore the importance of addressing both
the respiratory and psychological aspects of rhinological diseases to improve patient
outcomes and quality of life.

3.3 Social mechanisms

Social factors play a significant role in the interplay between rhinological diseases
and psychological conditions. Social determinants of health, including socioeconomic
status, access to healthcare, social support, and environmental conditions, can exac-
erbate both physical and mental health issues, creating a vicious cycle that is difficult
to break.

Firstly, socioeconomic status profoundly impacts the prevalence and management
of rhinological diseases. Individuals from lower socioeconomic backgrounds often
face barriers to accessing quality healthcare, including diagnostic services and effec-
tive treatments for conditions like rhinitis and sinusitis. This lack of access can lead
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to the progression of these conditions into chronic states, which are associated with
a higher risk of developing mental health problems such as depression and anxiety.
The chronic discomfort and impaired functioning caused by untreated rhinological
diseases can significantly diminish quality of life, leading to psychological distress.

Secondly, social support systems are crucial in managing both physical and mental
health conditions. Individuals with strong social networks tend to have better health
outcomes because they receive emotional support, practical help, and encouragement
to seek medical care. Conversely, those who are socially isolated or have weak support
networks are at greater risk of both rhinological diseases and psychological issues.
The stress of dealing with health problems without adequate support can exacerbate
symptoms of anxiety and depression, making it harder to manage chronic conditions
like sleep apnea or structural nose problems.

Environmental conditions also play a vital role in this dynamic. Poor air quality,
common in lower-income and densely populated urban areas, can aggravate condi-
tions like rhinitis and sinusitis. Exposure to pollutants and allergens can lead to
chronic inflammation of the nasal passages and respiratory system, which not only
worsens physical symptoms but also contributes to cognitive impairments and mood
disorders. Furthermore, individuals living in such environments often have limited
access to clean, quiet, and safe spaces for rest, exacerbating sleep disorders like sleep
apnea and increasing the risk of associated psychological problems.

Lastly, the stigma associated with certain rhinological conditions, particularly
those that affect physical appearance or breathing, can lead to social anxiety and
withdrawal. Conditions such as severe rhinitis, nasal polyps, or structural abnormali-
ties can affect a person’s self-esteem and social interactions. The fear of negative
judgment or social embarrassment can discourage individuals from seeking help or
participating in social activities, leading to increased feelings of isolation and depres-
sion. This social withdrawal further reinforces the negative impact on mental health,
creating a feedback loop that is challenging to address.

In conclusion, the interplay between rhinological diseases and psychological
problems is significantly influenced by social factors. Socioeconomic status, access to
healthcare, social support, environmental conditions, and social stigma all contribute
to the complexity of managing these intertwined health issues. Addressing these
social determinants is crucial for developing comprehensive treatment strategies that
not only focus on the medical aspects of rhinological diseases but also consider the
broader social context to improve mental health outcomes and overall quality of life.

4. Diagnostic approaches
4.1 Assessing psychological symptoms in rhinology patients

Assessing psychological symptoms in rhinology patients involves a thorough
understanding of both the physical and mental health aspects of the patient’s condi-
tion. Rhinology patients often experience chronic discomfort, breathing difficulties,
and sensory impairments such as loss of smell, which can significantly impact their
psychological well-being. The assessment process should start with a comprehensive
evaluation of the patient’s medical history, including any pre-existing mental health
conditions and current medications. Clinicians need to be vigilant for signs of depres-
sion, anxiety, cognitive dysfunction, and other psychological issues, as these can be
both a consequence of and a contributor to chronic rhinological conditions [66-68].
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4.2 Screening tools and questionnaires

Utilizing standardized screening tools and questionnaires is a crucial step in identify-
ing psychiatric problems in rhinology patients. The Beck Depression Inventory (BDI) is
one of the most widely used self-report measures for assessing the severity of depression.
It consists of 21 multiple-choice questions that explore various aspects of depressive
symptoms, such as mood, pessimism, sense of failure, self-dissatisfaction, and physical
symptoms like fatigue and changes in sleep patterns. The BDI helps clinicians gauge the
intensity of depression and monitor changes over time, providing valuable insights into
the patient’s mental health [69, 70]. The Generalized Anxiety Disorder 7 (GAD-7) scale is
a brief, seven-item questionnaire specifically designed to screen for generalized anxiety
disorder. Patients rate the frequency of anxiety-related symptoms over the past 2 weeks,
including feelings of nervousness, inability to stop worrying, and physical symptoms
such as restlessness and muscle tension. The GAD-7 is easy to administer and interpret,
making it an effective tool for identifying anxiety disorders in rhinology patients [71].
The Patient Health Questionnaire-9 (PHQ-9) is a multipurpose instrument for screen-
ing, diagnosing, monitoring, and measuring the severity of depression. It consists of
nine questions that reflect the diagnostic criteria for major depressive disorder in the
DSM-5. Patients indicate how often they have been bothered by each symptom over the
past 2 weeks. The PHQ-9 is highly effective in primary care settings and can be easily
incorporated into routine rhinology assessments to identify patients in need of further
mental health evaluation [72].

The Hospital Anxiety and Depression Scale (HADS) is another useful instrument
for screening both anxiety and depression in rhinology patients. It consists of 14
items, seven for anxiety and seven for depression, and is designed to avoid reliance
on somatic symptoms that might be confounded with physical illness. The HADS is
particularly valuable in settings where patients may have overlapping physical and
psychological symptoms [70].

The Sinonasal Outcome Test (SNOT-22) is specifically designed to assess the
impact of sinonasal conditions on patients’ quality of life. It includes questions about
physical symptoms, emotional well-being, and functional limitations caused by
rhinological issues. While not a direct measure of psychiatric symptoms, the SNOT-22
provides insight into how sinonasal problems affect mental health and daily function-
ing, allowing clinicians to tailor their interventions accordingly [72, 73].

The Brief Symptom Inventory (BSI) is a shorter version of the Symptom
Checklist-90-Revised (SCL-90-R) and is used to evaluate psychological distress
and psychiatric disorders. It includes 53 items and provides scores on nine primary
symptom dimensions and three global indices of distress. The BSI can be useful for a
broad assessment of psychological symptoms in rhinology patients, capturing a range
of potential mental health issues [74].

For patients with suspected cognitive dysfunction, the Montreal Cognitive
Assessment (MoCA) is a valuable tool. The MoCA assesses various cognitive
domains, including attention, concentration, executive functions, memory, language,
visuoconstructional skills, conceptual thinking, calculations, and orientation. This
comprehensive screening tool can help identify cognitive impairments that may be
contributing to or exacerbated by chronic rhinological conditions [68].

These tools allow clinicians to systematically evaluate the psychological state of
the patient and provide a baseline for further investigation. Implementing these
screenings in routine rhinology care can aid in early detection of mental health issues,
facilitating timely intervention.
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4.3 Clinical interviews

Clinical interviews remain a cornerstone of psychiatric assessment in rhinology
patients. These interviews should be structured yet flexible to allow for a compre-
hensive understanding of the patient’s psychological and physical health. During the
interview, clinicians should explore the patient’s mood, anxiety levels, sleep patterns,
and cognitive functioning. It is also important to discuss the impact of rhinological
symptoms on daily life and mental health. Open-ended questions and active listening
can help patients feel comfortable sharing their experiences, which can reveal insights
into their mental health status. Clinicians should be trained to recognize subtle signs
of psychiatric distress and to differentiate between symptoms caused by rhinological
issues and those stemming from psychological conditions [68, 75].

4.4 Integrating psychological assessment into routine care

Integrating psychological assessment into routine rhinology care is essential for
holistic patient management. This integration can be achieved by developing mul-
tidisciplinary teams that include ENT specialists, psychologists, and psychiatrists.
Regular training for rhinology clinicians on the importance of mental health and how
to use screening tools effectively can enhance this process. Routine mental health
screenings should be part of the standard care protocol for patients with chronic
rhinological conditions. Creating a seamless referral pathway to mental health profes-
sionals for patients who need further evaluation and treatment is also crucial. By
addressing both the physical and psychological aspects of rhinology patients’ health,
clinicians can improve overall treatment outcomes and patient well-being.

In conclusion, the diagnostic approach to psychiatric problems in rhinology
patients involves a multi-faceted strategy that includes thorough assessment of psy-
chological symptoms, utilization of standardized screening tools and questionnaires,
comprehensive clinical interviews, and the integration of psychological assessments
into routine care. By adopting these practices, clinicians can ensure a more holistic
approach to patient care, addressing both the physical and mental health needs of
rhinology patients.

5. Therapeutic strategies and interventions for psychiatric problems in
rhinology patients

Addressing the psychiatric problems associated with rhinology diseases requires a
multidisciplinary approach. Effective management integrates pharmacotherapy, sur-
gical interventions, and psychological therapies to improve both physical and mental
health outcomes. Here, we explore various therapeutic strategies and interventions
tailored to rhinology patients experiencing psychological distress.

5.1 Pharmacotherapy

Pharmacotherapy plays a vital role in managing psychiatric symptoms in rhinol-
ogy patients. Antidepressants, such as selective serotonin reuptake inhibitors (SSRIs)
and serotonin-norepinephrine reuptake inhibitors (SNRIs), are commonly prescribed
to alleviate symptoms of depression and anxiety [76]. These medications can help
stabilize mood, reduce anxiety, and improve overall quality of life and it should
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prescribe under psychiatric. However, it is essential to prescribe these medications
under psychiatric guidance, taking into account potential drug interactions. For
instance, chlordiazepoxide, alprazolam zolpidem, amitriptyline, chlorpromazine,
thioridazine, reserpine, and citalopram can induce rhinitis in some patients [77].
Notably, there is a lack of sufficient studies evaluating the pharmacotherapy effect
on psychological symptoms in rhinology patients, highlighting the need for further
research to improve this field and inform evidence-based treatment strategies.

Additionally, nasal corticosteroids and antihistamines can be beneficial in
reducing the physical symptoms of rhinology diseases like AR, indirectly improv-
ing psychological well-being by alleviating discomfort and sleep issues. However, it
is important to note that complete relief of rhinosinusitis symptoms may not fully
alleviate the psychological aspects of these diseases. Patients with rhinitis can experi-
ence anxiety, depression, or cognitive problems even after successful treatment of
physical symptoms or regardless of allergen seasonality. Therefore, ongoing therapy
may be needed to address psychological symptoms even after physical symptoms have
been managed [11, 78].

It is crucial to tailor pharmacotherapy to each patient’s specific needs, taking into
account any potential interactions between medications used for rhinological condi-
tions and those prescribed for psychiatric symptoms. Consulting with a psychiatry
specialist is important for selecting the appropriate treatment for these patients’
unique conditions. This collaborative approach ensures that both the physical and
mental health aspects of rhinology diseases are effectively managed.

5.2 Surgical interventions

Rhinoplasty significantly influences the psychological health of patients, as high-
lighted by various studies. Post-surgery, patients often report notable improvements
in their social interactions and relationships. These enhancements are frequently
linked to better self-perception and body image, leading to reduced body dissatisfac-
tion and increased satisfaction with their nasal appearance. Such positive effects
contribute to improved social functioning and are sustained over follow-up periods
ranging from months to years [79].

The psychological benefits of rhinoplasty extend beyond physical changes,
impacting several mental health areas. Research shows significant reductions in
anxiety, depression, emotional distress, and body dysmorphia among rhinoplasty
patients, as a study demonstrated a marked decrease in anxiety and depression levels
at the 12-month follow-up, as measured by the Beck Depression Inventory [80].
Similarly, other study reported reductions in anxiety, social phobia, depression, and
body dysmorphia [79]. These findings underscore the potential of rhinoplasty to
alleviate psycho-social distress and enhance overall mental well-being.

Furthermore, rhinoplasty has been shown to improve patients’ quality of life.
Studies utilizing the Rhinoplasty Outcomes Evaluation (ROE) questionnaire, Body
Image Inventory, and EuroQol 5D questionnaire have documented significant
enhancements in quality of life post-surgery. These improvements are often attrib-
uted to better self-perception, enhanced body image, increased self-esteem, and
greater social participation and confidence. However, some research indicates that
while psychological improvements are significant, other quality of life aspects may
remain unchanged. It is essential for surgeons to identify psychological risk factors
during preoperative consultations and carefully select patients to prevent postop-
erative psychological complications. Utilizing screening tools like the Quality of
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Life Scale Short Form (SF-36) questionnaire and general health questionnaire-28
(GHQ-28) can help identify at-risk patients, leading to better surgical outcomes
[79, 81-83].

In patients with rhinosinusitis, surgical intervention may be useful in the early
stages to prevent the development of psychological disorders. However, in the
chronic and late phases of the disease, surgical procedures are generally less helpful,
as neuroinflammation has a long-lasting disturbing effect on the central nervous
system [4]. In cases where structural abnormalities in the nasal cavity contribute to
both physical and psychological distress, surgical interventions can offer significant
relief. Procedures such as septoplasty, turbinate reduction, and sinus surgery aim
to correct anatomical issues that cause chronic nasal obstruction and sinusitis. By
improving nasal airflow and reducing sinus infections, these surgeries can alleviate
symptoms that contribute to poor sleep quality, fatigue, and subsequent psychological
problems [35, 37].

Post-surgical improvements in breathing and reduction in chronic pain or discom-
fort can lead to significant enhancements in mental health, as patients experience
fewer physical symptoms that exacerbate their psychological distress. It is important
for surgeons to collaborate closely with mental health professionals to monitor and
support the patient’s psychological recovery post-surgery.

5.3 Psychological interventions

Psychological interventions are essential components of a comprehensive treat-
ment plan for rhinology patients with psychiatric problems. These interventions
address the mental health issues directly, helping patients develop coping strategies
and resilience against the psychological impact of their physical conditions.

Cognitive-Behavioral Therapy (CBT) is a widely used and evidence-based psycho-
logical treatment for depression, anxiety, and other mental health issues. CBT helps
patients identify and challenge negative thought patterns and behaviors, replacing
them with more positive and constructive ones. For rhinology patients, CBT can
be particularly effective in managing health-related anxiety, improving mood, and
enhancing coping mechanisms for dealing with chronic symptoms and their impact
on daily life [84].

5.4 Support groups and counseling

Support groups and counseling provide essential emotional and social support
for rhinology patients experiencing psychological distress. Support groups offer a
platform for patients to share their experiences, gain insights, and receive encourage-
ment from others facing similar challenges. This peer support can alleviate feelings of
isolation and promote a sense of community and understanding.

Individual or group counseling with a licensed therapist can provide a safe space
for patients to explore their emotions, develop coping strategies, and address any
underlying mental health issues. Counseling sessions can focus on specific areas of
concern, such as coping with chronic illness, managing stress, and improving inter-
personal relationships.

Integrating these therapeutic strategies and interventions into the care of rhi-
nology patients requires a collaborative approach among healthcare providers. By
addressing both the physical and psychological aspects of rhinology diseases, patients
can achieve better health outcomes and an improved quality of life.
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6. Summary

Addressing psychological issues in patients with rhinological disorders is crucial
for improving their overall quality of life. Integrating psychological assessment and
support into both medical and surgical management plans can lead to better patient
outcomes, enhanced satisfaction, and reduced complications. This comprehensive
approach acknowledges the significant interplay between physical symptoms and
mental health, ultimately fostering holistic patient care.

Incorporating psychological assessments into the preoperative and postoperative
phases of rhinological care ensures that patients’ mental health needs are identified
and addressed. Preoperative psychological evaluations can help identify patients at
risk for anxiety, depression, and body dysmorphic disorder, which are common in
individuals seeking rhinoplasty or other nasal surgeries. By recognizing these issues
early, healthcare providers can offer appropriate interventions such as counseling,
therapy, or medication, thus preparing patients mentally and emotionally for surgery.
This proactive approach can mitigate postoperative dissatisfaction and the desire for
unnecessary revision surgeries, thereby improving patient satisfaction and outcomes.

Integrating psychological support into the treatment plan for medical manage-
ment of rhinological disorders, such as chronic rhinosinusitis or allergic rhinitis, can
significantly enhance quality of life. Patients with chronic nasal conditions often
experience a diminished quality of life due to persistent symptoms like nasal obstruc-
tion, facial pain, and impaired sense of smell, which can lead to anxiety and depres-
sion. Providing psychological support alongside medical treatments can help patients
cope better with their symptoms, adhere more effectively to treatment regimens, and
experience an overall improvement in their mental and physical well-being. This dual
approach ensures that both the physical and psychological aspects of their condition
are addressed, leading to a more comprehensive and effective treatment outcome.

Lastly, incorporating psychological care into the surgical management plan of
rhinology patients can reduce perioperative stress and enhance recovery. Educating
patients about the surgical process, setting realistic expectations, and providing
postoperative psychological support can alleviate anxiety and promote a smoother
recovery. Postoperatively, continued psychological support can help patients adapt to
changes in their appearance and function, fostering a positive adjustment and long-
term satisfaction with the surgical results.

In conclusion, addressing psychological issues in patients with rhinological
disorders through integrated medical and surgical management plans can signifi-
cantly improve their quality of life. This comprehensive approach not only enhances
patient satisfaction and outcomes but also underscores the importance of treating
the whole patient, not just their physical symptoms. By recognizing and addressing
the psychological dimensions of rhinology disorders, healthcare providers can offer
more effective, holistic care that leads to better overall health and well-being for their
patients.
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Abstract

Frontal sinus malignancy, though relatively rare compared to malignancies in
other anatomical regions, presents unique challenges in diagnosis, treatment and
management. These tumours can arise de novo within the frontal sinus or extend from
adjacent structures, and their proximity to vital anatomical landmarks, such as the
orbit, cranial fossa and critical vascular structures, complicates surgical intervention.
This chapter delves into the anatomical intricacies of the frontal sinus, the various
classifications of frontal sinus cells and tumours, and the diagnostic modalities,
including contemporary molecular and genetic markers that are crucial for effec-
tive treatment planning. It explores the historical evolution of surgical techniques,
highlighting the shift from invasive procedures to advanced endoscopic methods that
offer enhanced visualisation and precision. This chapter also describes different forms
of adjuvant treatment, such as external beam radiotherapy, proton and carbon ion
therapy, chemotherapy and targeted/immune therapy.

Keywords: primary frontal sinus carcinoma, sinonasal undifferentiated carcinoma,
frontal sinus carcinoma T staging, IDH2 mutation, Riedel-Schenke’s procedure,
endoscopic craniofacial resection, intensity-modulated proton therapy, carbon ion
therapy, tislelizumab

1. Introduction

Frontal sinus malignancy, though relatively rare compared to malignancies in
other anatomical regions, presents unique challenges in diagnosis, treatment and
management. These tumours can arise de novo within the frontal sinus or extend
from adjacent structures, and their proximity to vital anatomical landmarks, such
as the orbit, cranial fossa and critical vascular structures, complicates surgical
intervention.

The frontal sinus is distinguished by its developmental timeline, not being present
at birth and maturing through childhood into early adolescence. Its complex anatomy,
including variations in pneumatization and drainage pathways, underscores the
necessity for precise imaging and detailed anatomical knowledge before any surgical
approach.

Historically, the management of frontal sinus disease, including malignancies, has
evolved significantly. From the early radical approaches involving extensive resec-
tions and external access to the modern minimally invasive endoscopic techniques,
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each phase has contributed to the current understanding and strategies employed in
treating frontal sinus tumours.

This chapter delves into the anatomical intricacies of the frontal sinus, the vari-
ous classifications of frontal sinus cells and tumours, and the diagnostic modalities
crucial for effective treatment planning. It also explores the historical evolution of
surgical techniques, highlighting the shift from invasive procedures to advanced
endoscopic methods that offer enhanced visualisation and precision.

By examining the anatomical, pathological and surgical aspects of frontal sinus
tumours, this chapter aims to provide a comprehensive overview for clinicians, aiding
in the accurate diagnosis and effective management of these challenging cases.

2. Anatomy

Anatomical variations in the sinuses are common and can obstruct ventilation and
drainage, leading to medication-resistant osteomeatal complex disease. Preoperative
CT (computed tomography) scans of the paranasal sinuses are essential for identify-
ing these variations and their proximity to vital structures like the orbit, skull base
and important blood vessels, helping prevent surgical injuries.

The frontal sinus is the only sinus not present at birth, starting its development
around age 2. It reaches the orbital roof between ages 5 and 7 and attains adult size by
age 12. Each frontal sinus, positioned in the frontal bone separated by a bony septum,
develops independently, often resulting in asymmetrical pneumatization, with one
sinus typically crossing the midline and overlapping the other.

The frontal sinus walls are known as the outer and inner tables. The outer table is
robust, while the inner table is a thin bony plate separating the sinus from the cranial
fossa. Venous channels, called the foramina of Breschet, are found in the inner table
and can allow sinus infections to spread to the brain. These foramina also serve as sites
where mucosa can invaginate into the bone, potentially leading to mucocoele if not
entirely removed during surgery.

The drainage of the frontal sinus is managed through the ostium located at the
posteromedial part of the sinus floor, featuring an hourglass shape. This ostium lies
within the frontal beak, a projection of the maxilla. The ostium’ size and patency
depend on the thickness of this beak. A large agger nasi cell results in a smaller beak
and a wider ostium, while a small agger nasi cell leads to a more prominent beak and
a narrower ostium. Additionally, a large agger nasi cell can obstruct the drainage
pathway at the frontal recess [1].

Frontal sinuses can be underdeveloped (hypoplastic) in about 4% of people or
absent (aplasia) in about 5%. They may also contain air cells extending from the
ethmoidal sinus, known as frontoethmoidal cells, classified as follows [2]:

Type 1 frontal cell: A single cell above the agger nasi but below the frontal ostium.

Type 2 frontal cells: Two or more cells above the agger nasi but below the frontal
ostium.

Type 3 frontal cell: A single cell extending from above the agger nasi into the
frontal sinus but not exceeding 50% of its vertical height.

Type 4 frontal cell: A single cell extending into the frontal sinus, exceeding 50% of
its vertical height, or an isolated cell within the frontal sinus.

Another variation is the frontal bullar cell, which extends from the suprabullar
region into the frontal sinus along the posterior wall of the frontal recess. Unlike the
suprabullar cell, it extends into the frontal sinus. Its anterior wall relates to the frontal
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Cell type Cellname Definition
Anterior cells (push the Agger nasi cell Cell that either sits anterior to the origin of the middle
drainage pathway of the turbinate or sits directly above the most anterior
frontal sinus medial, insertion of the middle turbinate into the lateral nasal
posteriorly or posteromedially) wall.
Supra agger Anterior-lateral ethmoidal cell, located above the agger
cell nasi cell (not pneumatizing into the frontal sinus).
Supra agger Anterijor-lateral ethmoidal cell that extends into the
frontal cell frontal sinus. A small SAFC will only extend into the
(SAFC) floor of the frontal sinus, whereas a large SAFC may

extend significantly into the frontal sinus and may even
reach the roof of the frontal sinus.

Posterior cells (push the Supra-bulla Cell above the bulla ethmoidalis that does not enter the
drainage pathway anteriorly) cell frontal sinus.
Supra-bulla Cell that originates in the supra-bulla region and
frontal cell pneumatizes along the skull base into the posterior

region of the frontal sinus. The skull base forms the
posterior wall of the cell.

Supraorbital An anterior ethmoid cell that pneumatizes around,

ethmoid cell anterior to or posterior to the anterior ethmoidal artery
over the roof of the orbit. It often forms part of the
posterior wall of an extensively pneumatized frontal
sinus and may only be separated from the frontal sinus
by a bony septation.

Table 1.
The International Frontal Sinus Anatomy Classification (IFAC) [3].

sinus, while the posterior wall is adjacent to the anterior cranial fossa, requiring caution
during surgery to avoid damaging the anterior skull base. The frontal intersinus septal
cell, a pneumatized intersinus septum, may communicate with one or both frontal
sinuses or exist as an isolated air cell, potentially obstructing the frontal sinus ostium.

Recent new classification of frontoethmoidal air cells is known as the International
Frontal Sinus Anatomy Classification (IFAC), which was published in 2016. It has also
classified the extent of endoscopic frontal sinus surgery (Table 1) [3].

Lymphatics of frontal sinus drain through lymphatic channel that drains skin and
nasal cavity. Therefore, spread to periparotid, perifacial and submandibular lymph nodes
is common. In the absence of skin involvement, locoregional spread to lymphatics is rare
(10-15%). Distant metastasis is approximately 10% at the time of presentation [4].

3. Aetiology

Predisposing factors for development of primary frontal sinus carcinoma are
unclear. However, in most of the instances contiguous spread of ethmoid, nasal
or maxillary carcinoma is the cause of frontal sinus involvement. Moreover, lin-
ing mucosa of paranasal sinus is continuing throughout all sinuses. Therefore, it is
assumed that carcinogenic agents responsible for development of ethmoid, nasal or
maxillary sinus carcinoma are also a causative factor for development of frontal sinus
carcinoma [5-8]. Distant metastasis of primary from kidney, lung, breast or prostate
can involve frontal or frontoethmoidal sinus but it is very rare [9].
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4. Age & sex

Due to rarity of primary frontal sinus malignancies, it is difficult to estimate age
and sex predilection. However, these malignancies occur in late adulthood or elderly.
Males are affected 1.7 times more than females [10].

5. Symptoms & signs

Most common presentations are forehead or medial upper eyelid swelling and
pain, which are seen in the majority of patients. Diplopia and proptosis are seen in
one quarter to half of the patients. Physical examination should include thorough
head and neck examination, with special attention to periparotid and cervical nodes
(Figure 1). Neurological examination including cranial nerve examination should
also be done.

6. Pathology

Primary frontal sinus malignancy is extremely rare [11, 12]. In most of the instances,
frontal sinus is involved by contiguous spread from nasal cavity or ethmoidal malig-
nancy. WHO’s (World Health Organisation) latest pathology classification for sinonasal
tumours was published in 2022 [13]. Sinonasal pathologies (benign and malignant),
which can affect any of the paranasal sinuses and skull base, are divided into hamarto-
matous, respiratory epithelial carcinoma, mesenchymal and other tumours. Respiratory
epithelial carcinoma is the most common type as far as malignant tumours are concerned
and others are rare. Osteoma is a common benign tumour that frequently affects frontal
sinus; however, WHO presently classifies this under osteogenic tumours (Table 2).

Due to very low incidence of sinonasal malignancies, it is difficult to comment
upon the most common site of origin for sinonasal malignant pathologies, except for

Figure 1.
Patient presented with swelling of forehead medial to right brow and medial canthus which is causing diplopia.

82



Frontal Sinus Malignancy
DOI: http://dx.doi.org/10.5772/intechopen.1006273

Diagnostic group Category Diagnostic entity section

Hamartomas * Respiratory epithelial adenomatoid hamartoma

¢ Seromucinous hamartoma

Nasal chondromesenchymal hamartoma

Respiratory epithelial lesions Sinonasal
papillomas

Sinonasal papilloma, inverted type

Sinonasal papilloma, oncocytic type

Sinonasal papilloma, exophytic type

Carcinomas Keratinizing squamous cell carcinoma

Non-keratinizing squamous cell carcinoma

NUT carcinoma

SWI/SNF complex-deficient sinonasal
carcinoma

Sinonasal lymphoepithelial carcinoma

Sinonasal undifferentiated carcinoma

Teratocarcinosarcoma

HPV-related multiphenotypic sinonasal
carcinoma

Adenocarcinoma Intestinal-type adenocarcinoma of the

sinonasal tract

Non-intestinal-type sinonasal adenocarcinoma

Mesenchymal tumours of
sinonasal tract

Sinonasal tract angiofibroma

Sinonasal glomangiopericytoma

Biphenotypic sinonasal sarcoma

Chordoma

Other tumours Sinonasal ameloblastoma

Adamantinomatous craniopharyngioma

Meningioma of sinonasal tract

Olfactory neuroblastoma

Abbreviations: NUT- nuclear protein in testes, SWI/SNF- SWltch/sucrose non-fermentable, HPV- human papilloma

Virus.

Table 2.
5™ edition of the World Health Organisation (WHO) classification of tumours of the nasal cavity, paranasal
sinuses, and skull base [13].

respiratory epithelial carcinoma that is most commonly originated from maxillary
sinus or nasal cavity. Hence, primary involvement of frontal sinus by WHO-classified
pathologies is extremely rare [10, 12, 14-16].

Bhojwani et al. conducted an analysis of all the frontal sinus malignancy cases
reported between 1973 and 2012. They found that most common histologies involving
frontal sinus were squamous cell carcinomas (SCCs) followed by mature B-cell NHL
(non-Hodgkin’s lymphoma), epithelial carcinomas NOS (not otherwise specified)
and adenocarcinomas [10]. Another systematic review showed squamous cell car-
cinoma as the most common pathology, followed by mucosal melanoma and poorly
differentiated carcinoma (neuroendocrine carcinoma or sinonasal undifferentiated
carcinoma) [16].
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7. Staging of frontal sinus carcinoma

The involvement of frontal sinus in primary carcinoma of maxillary, ethmoid
or nasal cavity is classified as T4a according to AJCC (American Joint Committee
on Cancer) 8th edition. Frontal sinus carcinoma has not been classified separately
in AJCC TNM (tumour, node and metastasis) staging system. There are other clas-
sification systems that exist, such as the University of Florida classification system for
sinonasal malignancies and classification for frontal inverted papillomas [15, 17].

University of Florida staging system for nasal cavity, frontal sinus and sphenoid
sinus.

Stage 1- Tumours limited to the site of origin.

Stage 2- Extension to adjacent sites (orbit, paranasal sinuses, skin, nasopharynx,
pterygomaxillary fossa).

Stage 3- Base of skull or pterygoid plates’ erosion and/or intracranial extension.

Here, we are proposing a T classification for primary frontal sinus carcinoma. This
might prove useful in clinical staging of these tumours. However, this needs valida-
tion with further studies.

Frontal sinus carcinoma T staging (our proposal)

T staging.

T1 - Limited to frontal sinus mucosa and/or inferior mucosal extension till frontal
os with no bony involvement [Extenstion of tumor beyond frontal ostium will involve
ethmoid sinus mucosa].

T2 - Involvement of frontal sinus mucosa with bony erosion of at least one (ant
table, post table, orbital roof, interfrontal septum) or mucosal spread to anterior
ethmoid air cells.

T3- Involvement of dura mater, periorbita, skin and subcutaneous tissue, nasal
septum or nasal bone, posterior ethmoid air cells, lateral nasal wall, maxillary sinus,
hard palate.

T4 Involvement of subdural space or brain, orbit, sphenoid sinus, nasopharynx,
pterygoid plates and muscles, Internal Carotid Artery (ICA).

8. Pathological diagnosis

Histopathological diagnosis of sinonasal carcinoma is difficult, owing to rarity,
overlapping features with other malignancies and a wide variety of pathological
entities which affect the sinonasal region [13]. Preoperative pathology and postopera-
tive histopathology often have discrepancies [18]. Immunohistochemistry is often
required to narrow down the diagnosis (Figure 2).

9. Molecular diagnosis and genetic mutations

In recent years, there has been significant development in research as far as
molecular diagnosis of sinonasal tumours is concerned. In the last decade, numerous
studies have come up describing the role of genetic mutations in sinonasal carcinoma.
With increasing molecular testing, new subtypes of tumours have been identified.
These subtypes have been identified based on genetic alterations, such as specific
gene mutations, chromosomal translocations, specific protein expression and infec-
tion by oncogenic virus (Table 3) [19-30].
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Figure 2.
() sheets of undifferentiated pleomorphic malignant epithelial cells on HeS’E 100X (b) CK positivity (c)
CKAE1/CKAES3 positivity consistent with diagnosis of sinonasal undifferentiated carcinoma.

Sinonasal CA subtype Biomarker Type

Olfactory neuroblastoma Methylation classifier Diagnostic

Sinonasal melanoma NRAS and KIT Therapeutic

SNUC IDH2 mutation Diagnostic

NUT midline carcinoma Translocation of gene encoding NUTM1 Diagnostic
Neuroendocrine carcinoma Insulinoma-associated protein 1 Diagnostic

Sinonasal adenocarcinoma KRAS Therapeutic

Sinonasal SCC EGFR, TrkB, TIL Therapeutic and prognostic

Abbreviations: SNUC-sinonasal undifferentiated carcinoma, NUT- nuclear protein in testes, SCC- squamous

cell carcinoma, NRAS- neuroblastoma vas viral oncogene homologue, KIT-tyrosine protein kinase, IDH-isocitrate
dehydrogenase, KRAS- Kirsten rat sarcoma viral oncogene homologue, EGFR- epidermal growth factor receptor,
TrkB-tropomyosin receptor kinase B, TIL-tumour-infiltrating lymphocytes, NUTM1- NUT Midline Carcinoma Family
Member 1.

Table 3.
Recent biomarkers and therapeutic targets [19].

Taverna et al. have extensively studied the role of molecular markers in the
causation of all types of sinonasal carcinoma and hinted upon the possibility of
molecular classification for sinonasal carcinoma in the near future. Squamous cell
carcinoma is the most common type followed by adenocarcinoma. Undifferentiated
and poorly differentiated types of carcinoma are rare. A subset of squamous cell
carcinoma associated with epidermal growth factor receptor (EGFR) alterations
and rare variants with chromosomal translocations (DEK::AFF2; ETV6:NTRK and
others) have been identified. The group of adenocarcinoma is very heterogeneous at
molecular level; however, researchers identified potentially targetable genetic altera-
tions with some success [22, 31]. EGFR exon 20 insertion mutation has also been
studied in relation to inverted papilloma-associated squamous cell carcinoma [32].
TP53 mutation is seen in 80% of sinonasal squamous cell carcinoma and associated
with poor survival [33].

Sinonasal undifferentiated carcinoma (SNUC) and poorly differentiated
carcinoma are showing aggressive behaviour with poor prognosis. There have
been attempts to understand tumour biology at molecular level. SNUC harbours
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isocitrate dehydrogenase 2 R172 gene mutation (IDH2R172) in >80% of cases.
IDH2 mutated SNUC and large cell neuroendocrine carcinoma represent a pheno-
typic spectrum of the same entity, which is different from SMARCB1 (SWI/SNF-
related, matrix-associated, actin-dependent regulator of chromatin, subfamily b,
member 1)-deficient sinonasal and small cell neuroendocrine carcinoma. IDH2
mutated carcinomas are associated with better disease-free survival and lower
propensity for distant pulmonary metastasis [25, 34]. However, IDH2 mutant
sinonasal carcinomas are more likely to metastasize to liver and other rare organs.
SMARCA4{SWI/SNF-related, matrix-associated, actin-dependent regulator of
chromatin, subfamily a, member 4 (human)} deficiency was mostly associated
with teratocarcinosarcoma [35].

10. Imaging

Historically, plain radiograph; the occipitofrontal (Caldwell view) for frontal
sinus imaging was used. With the advent of new radiodiagnostic modalities, such as
computed tomography scan (CT scan), etc., plain radiograph is no longer used.
10.1 Computed tomography (CT)

Computed tomography scan (CT scan) is a very useful technique for assessment

of primary in frontal sinus malignancy patient. The CT scan should be acquired with
slice thickness as less as possible (usually 0.75 to 0.6 mm with 128 slice machine).

Figure 3.
(a) axial CECT bone window showing evosion of anterior and posterior table of frontal sinus (b) axial CEMRI
T1 W showing enhancing tumor (c) coronal T2W MRI (d) saggital T2W MRIL.
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This can demonstrate involvement of the bone very well. Multiplanar reconstructed
CT scan improves understanding in three dimensions [36]. It is important to consider
synoptic reporting of CT scan and more important for an endoscopic surgeon to
know anatomic variations of frontal sinus anatomy. Cone beam CT can also be used to
study the anatomy of frontal sinus (Figure 3a) [37].

10.2 Magnetic resonance imaging (MRI)

Magnetic resonance imaging (MRI) and CT scan are complementary to each other
in the assessment of frontal sinus malignancy cases where disease is extensive [38].
MRI demonstrates the involvement of soft tissues, such as dura or brain parenchyma
more accurately. DW (diffusion-weighted) MRI can also be used to differentiate
malignancy from benign lesions or inflammation (Figure 3b-d).

10.3 Positron emission tomography (PET)

Positron emission tomography (PET) CT is being increasingly used and few
centres are using this modality routinely as baseline imaging and for preoperative
assessment of distant metastasis in patients of sinonasal carcinoma [39]. BEDG
(fluorodeoxyglucose) is the most commonly used tracer. The role of ®*Ga DOTA-TATE
(dodecanetetraacetic acid-TATE or Tyr3-octreotate) has also been studied for neuro-
endocrine carcinoma of sinonasal carcinoma [40]. SUV (standardised uptake value)
of "®FDG may prove useful in treatment planning when the preoperative cytological
or histological diagnosis is inconclusive [41].

11. Surgical approaches to frontal sinus

Various approaches have been described for frontal sinus surgery in the last two
centuries. A brief description of all these approaches has been given in this section;
however, some of them are no longer popular or not feasible in the management
of frontal sinus carcinoma. Considerations in determining the surgical approach
should include frontal sinus anatomy and its variations, tumour location and disease
extension.

11.1 Frontal wall removal and obliteration of sinuses
11.1.1 First wave of open approaches

1800s - Schaeffer laid the groundwork for managing frontal sinusitis, sparking a
wave of exploration in surgical techniques.

1884 — Ogston-Luc technique:

Anterior table trephination, nasofrontal duct dilatation, drainage tube insertion
and frontal sinus mucosa treatment.

1895-Khunts technique:

Anterior table removal, manipulation of superior nasofrontal duct mucosa, naso-
frontal duct stent placement and sinus obliteration using skin on the posterior table.

1898-Riedel-Schenke in 1898 proposed complete frontal sinus obliteration,
which involved excising the anterior table and floor, stripping frontal sinus
mucosa and utilising skin for sinus obliteration on the posterior table. Despite its
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radical approach, poor cosmesis led to its eventual abandonment; however, this
procedure still holds importance in the surgical armamentarium of a Head & Neck
Oncosurgeon (Figure 4a-h) [42].

Figure 4.

Riedel’s-schenke’s procedure in a case of isolated frontal sinus sinonasal undifferentiated carcinoma through
bicoronal approach (a)skin incision (b) subgaleal flap elevation (c) tumour delineation (d) drilling of bone with
safety margin (e) vemoval of anterior bony table of frontal sinus with tumor (f) tumor removal from posterior
wall (g) complete tumor vemoval done (h) fat obliteration.
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11.1.2 Limitations of the procedures listed included

1. Poor cosmesis

2.Recurrent frontoethmoid outflow stenosis
11.2 Endonasal approaches

1915-Lothrop procedure.

Combined intranasal and extranasal techniques with widening of nasofrontal
duct. Involved removing parts of the bilateral anterior ethmoids, the frontal sinus’s
anterior floor, as well as sections of the superior nasal septum and internasal septum.
11.2.1 Limitations of the procedure listed included

1. Technically demanding

2.Nasofrontal duct narrowing over time

3. Limited visibility
11.3 External approach
11.3.1 Second wave of external approaches

1921-Lynch &Howarth.

External ethmoidectomy technique. It involved a medial periorbital incision, with
removal of ethmoidal air cells, excising the lamina papyracea, removal of the frontal
sinus, curetting frontal sinus mucosa and placing a drainage tube for 5 days, followed
by postoperative dilatation.

1958-Goodale and Montgomery.

Resurgence of osteoplastic flap technique [43].

11.3.2 Limitations of the procedure listed included
1. Restenosis
2. Cerebrospinal fluid (CSF) leaks
3.Frontal paraesthesia
4.Headaches
11.4 Endoscopic techniques

1970-Messerklinger, Kennedy & Stammberger.

Era of endoscopic sinus surgeries.

1990-Schaefer and Close.

Focused on advancing endoscopic approaches for frontal sinus disease.
1991-Draf.
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Combined use of microscope and endoscope for frontoethmoidectomy.
Draf procedure is classified as follows-

1.Draf I: Simple drainage via anterior ethmoidectomy and opening of the naso-
frontal duct

2.Draf II: Extended drainage through unilateral resection of the floor of the fron-
tal sinus from the lamina papyracea to the nasal septum

* DrafIla: Unilateral approach removing a portion of the frontal sinus floor
from the lamina papyracea to the middle turbinate.

* DrafIIb: Unilateral approach removing a part of the frontal sinus floor from
the lamina papyracea to the nasal septum.

* DrafIlc: Proposed as an extension to IIb wherein frontal sinus is opened
across the midline but not extended to the opposite frontal recess [44].

3.Draf III: Bilateral frontal sinus floor resection from the lamina papyracea of one
orbit to the other and removal of the internisus septum [2].

11.4.1 Limitations of the procedure listed included

1. Limited two-dimensional (2D) visualisation

2.Steep learning curve

3. Difficult access especially in pneumatized frontal sinus

4.Increased risk of complications

5.Incomplete disease removal in case of disease lateralization

6. Postoperative complications (headaches, CSF leaks, infections)
11.5 Current practice

Endoscopic interventions have become predominant, with open procedures
reserved for cases with distorted intranasal landmarks, failed multiple endoscopic
surgeries, frontal sinusitis with intracranial or intraorbital complications and
disease extending to the lateral boundaries. Combined approaches of external and
endoscopic surgery may be employed in selected cases [45]. These developments
reflect a progressive shift towards minimally invasive techniques and a greater
reliance on endoscopic interventions in contemporary skull base and frontal sinus
surgery [46].

This current practice of minimal invasive technique (endoscopic) may not be
feasible alone in the management of malignant frontal sinus or skull base pathology.
Minimal involvement of frontal sinus in nasal or other paranasal sinus malig-
nancy can be dealt with using endoscopic approach; however, involvement of frontal

sinus with primary frontal sinus malignancy often requires external or combined
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approach. Riedel’s procedure and osteoplastic flap technique can be employed to
remove primary frontal sinus tumour iz toto. The choice of procedure will be based
on the involvement of anterior or posterior wall of the frontal sinus. Riedel’s proce-
dure can be used for tumour involving anterior wall or posterior wall or both while
osteoplastic flap technique is feasible when anterior wall is not involved [42, 43].
Similarly, cranialization of the frontal sinus can be done when anterior wall is not
involved [47].

11.6 Craniofacial resection

Required for skull base malignant lesions. Disease extension to frontal
sinus involvement in skull base malignancy can be addressed by this approach.
Conventional craniofacial resection is an open approach surgery that is not without
facial scars and disfigurement eventually. Contemporary craniofacial resection
includes purely endoscopic or endoscopy-assisted resection. Endoscopy has clear
advantage of magnification and illumination. However, patient selection is of utmost
importance [48, 49]. Subfrontal approach is an alternative when the disease neces-
sitates the removal of superior orbit, glabella, nasal root and nasal bones.

12. Adjuvant treatment

Adjuvant treatment in the management of sinonasal tumours is often required
and forms an important component of multimodal treatment plan. Given the
complex three-dimensional (3D) anatomy of nose and paranasal sinuses, it is often
impossible to get clear margins all around whatsoever definition of free margin
taken into consideration. In most of the instances, one face of the tumour will always
be close to or adherent to skull base structures, which makes the removal of tumour
difficult with adequate free margin. Hence, all cases of malignant sinonasal tumours
should be discussed in multidisciplinary tumour board preoperatively and postop-
eratively so as to make appropriate treatment plan tailored according to individual
case need.

Below-described modalities are not necessarily to be used postoperatively. Cases
where operative risks outweigh benefits, these modalities may be used upfront.
Preoperative radiotherapy has a well-documented role in olfactory neuroblastoma
and soft tissue sarcoma. Similarly, preoperative chemotherapy can be used for sinona-
sal undifferentiated carcinoma, neuroendocrine carcinoma, olfactory neuroblastoma
and craniofacial sarcoma [50].

Various adjuvant treatment modalities have been described. These treatment
modalities can be divided into conventional and newer.

Conventional

1.EBRT (External beam radiotherapy)- Radiation is delivered from a machine that
aims at radiations at the diseased part. Most radiation therapy machines use pho-
ton beams. However, other source of radiation, such as protons and electrons,
can also be used.

2.IMBT (Intensity-modulated brachytherapy)- Brachytherapy is a type of internal
radiation therapy. This uses an applicator that delivers radiation dose. Intensity
can be modulated using static or dynamic shielding.
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3. Chemotherapy- It is a drug treatment that uses chemotherapeutic agents to kill
tumour cells.

Newer

1. Hadron therapy (Particle therapy)- Hadron therapy is a type of radiation therapy
that uses charged particles, such as proton, carbon ion, etc.., instead of X-rays
(photons).

2. Targeted therapy/Immunotherapy (Monoclonal antibodies)- Targeted therapies
are small molecule drugs or monoclonal antibodies. Small molecules can enter
cells and attack the desired target. Monoclonal antibodies can directly stop or
destroy cancer cells or they can mark cancer cells, so that they will be better seen
and destroyed by the immune system.

12.1 EBRT

Postoperative radiotherapy has a well-established role in the management of
sinonasal malignancies. External beam photon radiotherapy can be delivered as 2D,
3D, Intensity-modulated or volumetric arc radiotherapy. With the advent of intensity-
modulated radiation therapy, it is now possible to deliver photon radiations to the
tumour tissues precisely. This prevents normal tissue damage which is often a vital
organ in a case of sinonasal malignancy, such as orbit, optic nerve, skull base or brain.
Radiotherapy can be delivered alone or concomitantly with chemotherapy.

The role of radiotherapy has been studied for primary frontal sinus malignancies
[51]. Surgery combined with postoperative radiotherapy might result in satisfactory
efficacy. Slevin et al. carried out a retrospective multicentre study of outcomes for
locally advanced squamous cell carcinoma that was treated with adjuvant or definitive
IMRT. They found poor survival outcome and high locoregional treatment failure [52].

12.2IMBT

Perioperative fractionated IMBT is useful for advanced or recurrent paranasal
sinus SCC that is involving a skull base [53]. However, its role in frontal sinus carci-
noma per se is not studied.

12.3 Chemotherapy

Chemotherapy plays a vital role in the management of sinonasal carcinoma. The
use of multimodal approach (chemoradiotherapy or surgery plus chemoradiother-
apy) has shown improved survival than surgery plus radiotherapy or radiotherapy
alone [54]. Though we do not have robust data on chemotherapy for primary frontal
sinus carcinoma, this seems true for frontal sinus as well and the results of studies
on sinonasal carcinoma can be extrapolated. Undoubtedly, surgical resection is the
preferred approach for treatment of sinonasal carcinoma like other primaries in the
head and neck; however, proximity of paranasal sinuses to critical structures makes
RO resection difficult. In advanced sinonasal carcinoma, upfront surgery can lead
to significant morbidity and loss of organ function. In such instances, induction or
neoadjuvant chemotherapy can be very useful [55-57]. There have been few studies
showing survival benefit with organ preservation in advanced sinonasal squamous
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cell carcinoma, which is the most common histopathology affecting paranasal
sinuses [58]. Most commonly used chemotherapeutic regimens are TP (taxanes and
platinum) or TP with 5 FU (fluorouracil) or ifosfamide [59]. Patients with complete
response (CR) or partial response (PR) will be benefitted the most. Patients with
stable disease or progressive diseases should be treated with surgery [60, 61].

12.4 Proton therapy

Proton therapy works on the principle of ‘Bragg peak’. Protons preferentially
deposit energy at the end of their path through the tissues. The desired depth to
target malignant tissue can be achieved through computer programming. Lewis et al.
selected 10 patients of sinonasal carcinoma who were treated with IMPT (intensity-
modulated proton therapy). Dosimetrist generated VMAT (volumetric-modulated
arc therapy) plans of all the patients for comparison. They concluded that VMAT had
more homogeneous coverage of target volume and spares OAR (organ at risk) better
than IMPT which were close to target volume; however, relative risk of secondary
malignancy with VMAT compared to IMPT is 3.35. IMPT better spares nonadjacent
OAR [62, 63]. Treatment of frontal sinus carcinoma with postoperative proton
therapy has been reported [64]. Further studies are required with large number of
patients to establish the role of proton therapy in the management of primary frontal
sinus carcinoma.

12.5 Carbon ion therapy

The last decade has seen significant advancement in particle radiation treatment,
including carbon ion radiation therapy. A recent meta-analysis done by Zhang and
colleagues has shown significant benefit of using carbon ion radiation therapy in
sinonasal malignancies [65]. The results of 2282 patients of sinonasal malignancies
with different histologies from 44 observational studies were analysed. Patients were
divided into three groups- 911 in carbon ion radiation therapy group, 599 in proton
radiation therapy group and 772 in intensity-modulated photon radiation therapy
group. Out of 11 frontal sinus malignancy patients, 9 patients received carbon ion
therapy. Considering all subsites together, the overall survival was higher after carbon
ion radiation therapy (75.1%) than proton radiation therapy (66.2%) and intensity-
modulated photon radiotherapy (63.8%). Similarly, the local control rate was found
to be significantly higher after carbon ion radiation therapy. Higher linear energy
transfer (LET) and greater relative biological effectiveness (RBE) of carbon ion
radiotherapy than proton and photon radiotherapy make carbon ion radiation therapy
more useful for relatively radioresistant sinonasal histologies, such as adenoid cystic
carcinoma, mucosal melanoma and sarcoma.

12.6 Targeted therapy/immunotherapy

In the era of targeted therapy, efforts are being made to identify specific molecu-
lar markers or genetic alterations or immune cells that can be targeted with novel
biological agents [66]. This can pave the way for clinicians to provide a longer
recurrence-free period and better survival to patients of sinonasal carcinoma.
Discovery of different mutations such as IDH2 in sinonasal carcinoma may provide an
opportunity for use of targeted therapy. Tislelizumab is a monoclonal antibody and
found to be useful in a case of SMARCB1/INI-1-deficient sinonasal carcinoma [65].
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Immunotherapy could have a potential role in the management of sinonasal undif-
ferentiated carcinoma and NUT carcinoma, owing to the association of these tumours
with immune system-related functional pathways [67-69]. Anti-PD-1 (programmed
death ligand-1)-targeted antibodies, such as nivolumab and pembrolizumab, have
been found to be useful in sinonasal squamous cell carcinoma, intestinal-type adeno-
carcinoma and sinonasal undifferentiated carcinoma [70-72]. No study is available on
the treatment of isolated frontal sinus malignancy with targeted agents.

13. Conclusion

Frontal sinus is a very uncommon site to be affected by malignant neoplasm
of both primary origin and distant secondary. Therefore, there are no robust data
available regarding management and survival of frontal sinus malignancies. The
management of frontal sinus malignancy poses a specific challenge for Head & Neck
Oncosurgeon due to variable and complex anatomy, wide variety of pathologies
affecting the frontal sinus and intimate relation with the skull base. Frontal sinus
malignancy treatments require a multidisciplinary approach. The advent of endo-
scopic surgical techniques, newer radiation delivery technologies, particle treatment
and targeted therapy has improved survival.
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Chapter 6

Extended Sinus Surgery:
Indications, Anatomy,
and Step-by-Step Techniques

Ghassan Alokby

Abstract

This chapter provides a comprehensive overview of advancements and method-
ologies in extended sinus surgeries. It elucidates surgical techniques, key anatomical
landmarks, indications, and postoperative care necessary for effectively managing
refractory chronic rhinosinusitis and other complex sinonasal conditions. A detailed
examination of various approaches, such as Endoscopic Maxillary Mega-Antrostomy
(EMMA), Modified Medial Maxillectomy, Denker’s approach, and Draf IIb and III
procedures, is discussed, highlighting the anatomical considerations, surgical steps,
and postoperative protocols to optimize patient outcomes and minimize complica-
tions. Extended sinus surgeries offer enhanced access to difficult-to-reach areas, allow
better management of extensive disease processes, and provide improved pathways
for drainage and disease resolution, utilizing advanced endoscopic techniques that
preserve critical structures and promote faster recovery compared to traditional
methods. The evolution of endoscopic sinus surgery has significantly transformed the
management of sinus diseases, making extended sinus surgeries crucial for patients
who have failed conventional treatments and presenting a viable option for address-
ing severe and complex pathologies. By understanding the detailed surgical tech-
niques and postoperative care outlined in this chapter, surgeons can achieve better
outcomes and improve the quality of life for their patients.

Keywords: extended sinus surgery, chronic rhinosinusitis, endoscopic sinus surgery,
maxillary sinus, frontal sinus, sphenoid sinus, postoperative care

1. Introduction

The management of chronic sinus disease has evolved significantly over the last
decade. With the advent of endoscopic sinus surgery (ESS) and continuous advance-
ments in understanding sinonasal anatomy, technology, and surgical techniques,
the field of rhinology and skull base surgery has undergone transformative changes.
Modern nasal endoscopes, with various angles, high-definition cameras, and naviga-
tion systems, have paved the way for these advancements, enabling more precise and
effective interventions. These technological improvements have allowed surgeons
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to perform intricate procedures with better visualization and control, significantly
reducing the risks associated with traditional open surgeries [1, 2].

Sinus surgery today is not only aimed at managing chronic sinus disease but also at
addressing recalcitrant sinus disease and providing corridors to access various areas of
the skull base. To fulfill these objectives, the limited approaches used in standard sinus
surgery have been expanded, allowing for more comprehensive management of com-
plex sinus conditions and improving surgical outcomes. Extended sinus surgeries have
become a crucial aspect of modern rhinology, offering solutions for conditions that
were previously deemed inoperable or required invasive open surgical techniques [3].

Extended sinus surgeries are indicated for several reasons, including the need to
create gravity-dependent drainage pathways, as seen in cystic fibrosis patients. It is
also indicated to ensure safe entry into extensively diseased sinuses where the natural
ostium is obstructed by remodeling, often requiring access through the contralateral
side. These procedures are crucial for patients who have failed appropriate medi-
cal therapy and traditional endoscopic sinus surgery. By expanding the surgical
approach, surgeons can address more extensive disease processes, reduce the risk of
recurrence, and improve overall patient outcomes [4].

In this chapter, we will delve into the various extended approaches in sinus surgery,
focusing on their indications, key anatomical landmarks, and surgical techniques. By
understanding these advanced procedures, we aim to provide a comprehensive guide
for the effective management of refractory chronic rhinosinusitis and other complex
sinonasal conditions. This knowledge will equip surgeons with the necessary skills to
handle challenging cases and enhance the quality of care provided to patients.

2. Extended maxillary sinus procedures

A number of different procedures have been described to access the maxillary
sinus, varying in their indications and conservativeness. Generally, extended sinus
surgeries are indicated for the need for gravity-dependent drainage, as in cases of
ciliary dyskinesia or thick secretions in cystic fibrosis. Other indications include the
management of benign or malignant tumors, inverted papilloma, odontogenic sinus-
itis, mucocele, or fungus ball. These procedures are also used in cases of recalcitrant
sinus disease or extensive osteogenesis [4].

3. Key anatomical landmarks

Identifying and understanding the key anatomical landmarks is crucial for the
success of extended maxillary sinus procedures. These landmarks provide reference
points that guide the surgeon during the procedure, ensuring precision and minimiz-
ing the risk of complications.

* Inferior meatus wall: Forms the lower boundary of the nasal cavity, crucial for
procedures like inferior meatal antrostomy.

* Medial floor of the orbit: Serves as the superior boundary during maxillary sinus
procedures. Careful identification and preservation of this structure are neces-
sary to prevent injury to the orbital contents, which can result in serious compli-
cations such as vision loss or diplopia.
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* Nasolacrimal duct: Located lateral to the lacrimal bone and the frontal process
of the maxillary bone, it must be identified during maxillary sinus procedures
to prevent postoperative complications like nasolacrimal duct injury, which can
lead to chronic tearing and recurrent dacryocystitis.

* Pyriform aperture: The bony opening of the nasal cavity, serving as a landmark for
accessing the anterior maxillary wall during procedures like Denker’s approach.
Understanding the anatomy of the pyriform aperture helps in the precise removal
of bone to access the anterior and lateral walls of the maxillary sinus.

* Hasner’s valve: Located at the distal end of the nasolacrimal duct, it must be
preserved during inferior meatal antrostomy. Preserving this valve is crucial to
maintain the normal function of the nasolacrimal duct and prevent postopera-
tive obstruction.

4. Extended approaches to the maxillary sinus
4.1 Endoscopic maxillary mega-antrostomy (EMMA)

Endoscopic Maxillary Mega-Antrostomy (EMMA) is appropriate for patients with
chronic recalcitrant maxillary sinusitis that has not responded to standard therapies
and for those who benefit from gravity-dependent drainage. In our experience, a
30-degree nasal endoscope is used for this procedure, as it allows the surgeon to have
better visualization of the operating field. The process begins with a partial inferior
turbinectomy, where the anterior one-third of the inferior turbinate is preserved. This
initial step is essential for maintaining some of the turbinate’s physiological functions
while allowing better access to the maxillary sinus.

The core of the procedure involves significantly widening the maxillary antros-
tomy down to the nasal cavity floor. This expansion facilitates gravity-assisted
drainage, which is particularly beneficial for patients with impaired ciliary function
or thick secretions, such as those with cystic fibrosis. The removal of a large portion
of the medial wall of the maxillary sinus improves ventilation and drainage, reducing
the likelihood of recurrent infections and inflammation.

Postoperatively, the large antrostomy enables effective irrigation and topical medica-
tion delivery directly into the sinus cavity, ensuring better disease management and
reducing the likelihood of recurrence. Long-term outcomes have shown significant
improvements in symptom resolution, highlighting the procedure’ efficacy. Patients often
report improved quality of life due to reduced symptoms and fewer sinus infections [5].

4.2 Extended maxillary sinusotomy with preservation of the inferior turbinate

This procedure differs from EMMA by preserving the inferior turbinate. Patients
undergoing this procedure typically have failed a previous standard maxillary antros-
tomy. The procedure begins by revising the middle meatus antrostomy, ensuring a
patent and wide middle meatus antrostomy with the removal of any residual uncinate
process, and incorporating the natural ostium.

The inferior turbinate is temporarily outfractured and possibly reduced while
preserving the medial mucosa, facilitating clear inspection of the lateral wall of the
inferior meatus. An inferior meatus antrostomy is then performed, removing the
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lateral wall of the inferior meatus down to the floor of the nose. It is crucial to identify
and preserve Hasner’s valve (Figure 1), as this procedure does not involve removing
the nasolacrimal duct. The middle meatus antrostomy and inferior meatus antros-
tomy are then combined into one common antrostomy, with the inferior turbinate
preserved and attached anteriorly and posteriorly like a hammock. This approach
maintains the physiological functions of the inferior turbinate while providing
extensive access for sinus drainage and disease management (Figure 2).

4.3 Endoscopic medial maxillectomy

Endoscopic Modified Medial Maxillectomy is primarily indicated for managing
benign sinonasal neoplasms and extensive maxillary sinus disease. The procedure starts
with the complete removal of the inferior turbinate, which is essential to provide maxi-
mum access to the maxillary sinus. This step is crucial, as it allows for a more extensive
view and access to the sinus cavity, enabling thorough removal of diseased tissue.

The surgical approach involves expanding the maxillary antrostomy to its ana-
tomical limits, extending inferiorly to the nasal cavity floor, superiorly to the medial
orbital floor, posteriorly to the posterior wall of the maxillary sinus, and anteriorly

Figure 1.
The right inferior meatus ins visualized using a 30-degree endoscope and Hesner’s valve is seen.

Figure 2.
Extended maxillary antrosotmy. This figure shows the inferior meatus antrostomy that is communicating with the
middle meatus antrostomy while preserving the inferior turbinate.
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to the anterior wall of the maxillary sinus. Complementary procedures include a
complete ethmoidectomy and sphenoid sinusotomy. This comprehensive approach
ensures that all diseased tissues are addressed, reducing the risk of recurrence [6].

This approach allows access to the medial wall of the orbit, which can be removed
depending on its involvement with the disease, and the nasolacrimal duct, which is
resected anteriorly and superiorly as needed. It is essential to complete the surgery
by performing a dacryocystorhinostomy or at least vertical marsupialization of the
nasolacrimal duct remnants to prevent nasolacrimal duct obstruction. A 70-degree
nasal endoscope is often necessary for inspecting the anterior and lateral wall of the
maxillary sinus, providing a detailed view of the surgical field.

At the end of the procedure, the comprehensive opening allows for thorough
exploration and treatment of the sinus, including hard-to-reach areas such as the
lateral recesses and the floor of the maxillary sinus. In cases of chronic recurrent
sinusitis, the goal maybe to auto-obliterate the sinus by eradicating the maxillary
sinus mucosa, thereby triggering the natural obliteration process and preventing
future disease recurrence. This approach provides long-term relief for patients suffer-
ing from chronic and recalcitrant sinusitis [7].

4.4 Endoscopic Denker approach

Despite advances in endoscopic endonasal approaches, the anterolateral and
anteroinferior aspects of the maxillary sinus and the infratemporal fossa remain
challenging to reach through a purely transnasal approach. The Endoscopic Denker
approach addresses these limitations by removing parts of the anterior wall of the
maxillary sinus, providing more lateral access. This method combines the open
procedures described by Denker and Sturmann/Canfield, performed entirely under
endoscopic visualization. It offers the same port of entry into the maxillary sinus as
the Caldwell-Luc procedure with similar indications [8].

The procedure begins with an incision in the mucosa at the junction of the nasal floor
and lateral nasal wall, extending through the periosteum. A second mucosal incision
is made superiorly along the lateral nasal wall, carried anteroinferiorly in front of the
anterior head of the inferior turbinate, overlying the edge of the pyriform aperture.
Following this, a subperiosteal dissection is performed to expose the anterior aspect of
the maxilla, the infraorbital foramen, and its neurovascular bundle. A high-speed drill
creates a bony window into the anterior wall of the maxillary sinus, staying inferior to
the infraorbital nerve. Burrs connect the window to the inferior bony cut of the medial
maxillectomy, allowing access to the anteroinferior corner of the maxillary sinus.

Once the tumor or diseased tissue is dissected free from the surrounding structures,
the remaining bony and mucosal cuts are completed with burrs, osteotomes, and endo-
scopic scissors. Specifically, a superior cut is made at the level of the roof of the maxil-
lary sinus, an inferior cut at the junction of the nasal floor and medial maxillary wall,
and a posterior cut along the posterior wall of the maxillary sinus. At the end of the
procedure, the nasolacrimal duct is identified, preserved, and sharply cut at an oblique
angle to prevent stenosis (Figure 3), (Video 1, https://youtu.be/GXyKCt5UfGg).

5. Extended frontal sinus procedures

The primary surgical management of frontal sinus disease that has failed maxi-
mum medical treatment involves a frontal sinusotomy to reestablish the drainage
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Figure 3.
70-degree nasal endoscope showing all the walls of the left maxillary sinus following and endoscopic Denker’s
procedure.

pathway. This approach can be extended to involve dilating the sinus by limited
removal of the floor, as in the Draf Ila procedure, extending the opening from the
middle turbinate to the lamina papyracea. When this procedure is inadequate, further
management is required. Multiple extended frontal sinus procedures have been
described, effectively replacing previously popular open procedures such as frontal
sinus obliteration [9].

Extended frontal sinus surgery is indicated for various conditions, including
recalcitrant sinus disease that failed primary sinus surgery, access to the lateral frontal
sinus, severe stenosis due to osteoneogenesis, and remodeling in the frontal sinus
recess that makes it unsafe to enter through the ipsilateral side. It is also indicated
in cases of failed frontal sinus obliteration and cranialization, where failure often
results from leaving mucosa behind, leading to the formation of a mucocele. Open
approaches for these procedures are technically challenging, as the mucosa tends
to adhere to the dura. In the case of benign and some malignant tumors, extended
sinus surgery can offer the surgeon access to completely remove the tumor. For

Figure 4.
A modified Lothrop procedure was used for access and repair of a left frontal sinus posterior table meningocele.
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meningoencephaloceles, the extended approach allows for removal and repair while
keeping the drainage of the frontal sinus patent (Figure 4) [10].

6. Key anatomical landmarks

Identifying the key anatomical landmarks is crucial for the success of extended
frontal sinus procedures. These landmarks guide the surgeon during the procedure,
ensuring precision and minimizing the risk of complications.

o Anterior one-fourth of the middle turbinate vertical lamella: Essential for orienting
the surgeon during the initial stages of the procedure, its removal is necessary for
completing the extended procedure and for the complete drilling of the floor of
the frontal sinus.

o Anterior olfactory cleft and olfactory fibrils: Located medial to the middle
turbinate vertical lamella, these structures are critical for avoiding skull base
injury during Draf IIb or III procedures as they define the posterior limit of the
resection.

* Frontal sinus infundibulum posterior wall: A critical reference point for perform-
ing extended frontal sinusotomies, helping maintain orientation and avoid
inadvertent damage to the anterior skull base and cribriform plate.

o Anterosuperior perpendicular plate and septectomy: Facilitates exposure and allows
the introduction of instrumentation from both sides of the nasal cavity, crucial
for creating a common frontal sinus drainage pathway.

* Frontal intersinus septum: Necessary for combining the left and right frontal
sinuses into a single, large cavity, a crucial step in Draf III (Modified Lothrop)
procedures.

* Nasal process of the frontal bone: Drilling in this area helps enlarge the lateral
dimensions of the frontal sinus opening, providing greater access to the supraor-
bital recesses.

* Nasion: The dense bone at the nasion is removed to enlarge the common frontal
ostium, ensuring complete transillumination and visualization of the frontal
sinus.

7. Extended approaches to the frontal sinus
7.1 Draf IIb procedure

This approach involves removing the frontal sinus floor from the nasal septum

medially to the lamina papyracea laterally, creating a unilateral maximal opening of

the frontal sinus outflow tract. This is particularly useful in cases of severe stenosis
and for accessing the lateral frontal sinus (Figure 5) [11].
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Figures.
The left frontal sinus following a Draf 2b procedure looked at using a 70- degree nasal endoscope.

7.2 Draf III (modified Lothrop) procedure

The Draf III procedure, or Modified Lothrop Procedure, is an endoscopic modification
of the original procedure described by Lothrop in 1914. It involves the bilateral removal
of the frontal sinus floor from one lamina papyracea to the other, including a superior
septectomy and intersinus septectomy, creating a large common frontal sinus drainage
pathway. This procedure is ideal for severe bilateral frontal sinus disease, failed prior
frontal sinus surgeries, or extensive osteoneogenesis [12]. This procedure can also provide
access for the repair of a posterior table cerebrospinal fluid (CSF) leak (Figure 4).

There are several modifications of the Draf III procedure tailored to specific
anatomical and pathological challenges: [7].

* Modified hemi-Lothrop procedure: Adds a superior septectomy to a Draf IIb to
increase access to the far lateral frontal sinus recess or a supraorbital ethmoid cell
from the contralateral side (video 2, https://youtu.be/pHw8hR-vC00).

* Modified mini-Lothrop procedure: Combines resection of the contralateral frontal
sinus floor with a frontal intersinus septectomy, preserving the ipsilateral frontal
sinus floor. This is suitable for cases where the ipsilateral frontal sinus cannot be
safely accessed from the same side due to extensive scarring, previous medial
orbital wall decompression, significant intraorbital contents obstructing the
ipsilateral frontal sinus outflow tract, complex anatomy, severe stenosis, or
pronounced osteoneogenesis.

* Modified subtotal-Lothrop procedure: Unilaterally removes the frontal sinus floor
with a superior septectomy and intersinus septectomy, preserving as much
normal sinonasal architecture as possible.

* Modified central-Lothrop procedure: Bilaterally resects the medial frontal sinus floor
with a superior septectomy and intersinus septectomy, providing access and visu-
alization to both frontal sinuses. This procedure is effective for addressing frontal
sinus disease near the midline, particularly suitable for cases involving isolated dis-
ease or mucoceles in a frontal intersinus cell, central neoplastic processes, or skull
base defects. The frontal sinus recesses and middle turbinates are left undisturbed.
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8. Procedure details
8.1 Draf IIb procedure

The anterior one-fourth of the middle turbinate vertical lamella is removed, start-
ing at its anterior insertion and heading superiorly in the direction of the posterior
wall of the frontal sinus infundibulum or the superior aspect of the nasoseptal angle.
This step is crucial for orienting the surgeon away from the skull base and anterior
cribriform plate. The bony medial margin of the frontal infundibular opening is the
superior point of insertion of this portion of the middle turbinate vertical lamella,
which is removed with curettes or powered instruments to identify the junction of the
perpendicular plate with the frontal intersinus septum. The mucosa on the posterior
wall of the frontal infundibular area is preserved whenever feasible. However, signifi-
cant fibrosis or osteoneogenesis in the area often makes this preservation impossible,
and in that case, a Draf III procedure should be done.

8.2 Draf III (modified Lothrop) procedure

For a midline approach to access the frontal sinus, the anterior olfactory fila-
ments should first be identified, located medial to the vertical lamella of the middle
turbinate and posterior to the coronal plane of the posterior wall of the frontal
infundibulum. Only the anterior quarter of the middle turbinate vertical lamella
forms the medial margin of the frontal infundibulum. The rest is situated lateral to
the cribriform plate, connecting with the lateral lamella of the cribriform plate and
the medial fovea ethmoidalis.

Intraoperative navigation is beneficial for determining the correct trajectory
during a transnasal midline frontal sinus approach and is typically used in all Draf
IIT procedures. Elevating a posteriorly based flap starting in the wider septal angle
area anterior to the cribriform plate, at the coronal plane just in front of the anterior
attachment of the middle turbinate, helps identify the narrow V-shaped groove of the
anterior cribriform plate and the first olfactory filaments, as well as the posterior wall
of the frontal infundibulum. This step ensures that the posterior limit of the dissec-
tion is under direct vision, preventing inadvertent skull base injury and cerebrospinal
fluid leaks. A 70-degree endoscope can be used for superior visualization.

The anterosuperior septectomy is performed anterior to the level of the anterior
cribriform plate using cutting forceps or powered instrumentation, aligning with the
coronal plane of the posterior wall of the frontal sinus infundibulum as viewed through a
transethmoid or transseptal frontal sinusotomy. Posterior to this plane, there is a height-
ened risk of inadvertent intracranial penetration or damage to the cribriform plate or
olfactory nerve fibers. The coronal plane of the posterior wall of the frontal sinus should
always be kept in view to prevent accidental injury to the skull base and subsequent
cerebrospinal fluid leaks. The size of the septal window should be adequate to enhance
exposure and allow instrument insertion from both sides of the nose. Once the septal
window is created, even straight instruments can access the common frontal cavity from
either side of the nose. If this is not possible, the septal window should be lowered until
bilateral access to the common frontal sinus is feasible.

The dense bone at the nasofrontal beak area, corresponding to the nasion, is
removed using angled cutting burs, progressively enlarging the common frontal
ostium and enhancing access to the superior and anterior aspects of the frontal sinus.
Additionally, lateral enlargement toward the orbit is performed to increase the lateral
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dimensions of the opening, providing greater access to the supraorbital recesses of the
frontal sinus from the contralateral side. The limits of the procedure are the dermis at
the level of the nasion anteriorly and the supracanthal dermis on either side. Drilling
the supracanthal bone of the orbit is usually done under endoscopic visualization,
with the drill introduced through the contralateral nostril. Intermittent palpation of
the nasion dermis and supracanthal dermis helps determine the anterior and lateral
limits of drilling. Generally, limited exposure of the nasion or supracanthal dermis
does not result in adverse cosmetic effects. The additional enlargement of the com-
mon frontal sinus ostium reduces the chances of failure due to restenosis, and maxi-
mizing the width of the opening should be attempted.

It is not uncommon to encounter one or more frontal intersinus cells that need to be
removed to effectively enlarge the common frontal ostium and ensure adequate outflow.
The final common extended frontal sinusotomy opening is a horseshoe-shaped open-
ing measuring approximately 8-10 mm anteroposteriorly at the nasofrontal bone and
20-26 mm laterally from the orbital wall to the orbital wall. The posterior, lateral, and
anterior walls of the common frontal ostium are composed of the posterior wall of the
frontal sinus, the supracanthal lateral nasal dermis, and the anterior wall of the frontal
sinus at the nasion, respectively. The final ostium should allow complete transillumina-
tion and visualization of the entire frontal sinus (Figures 6 and 7) [4, 13].

Figure 6.
Endoscopic view after a completed modified Lothrop procedure. The boundaries were reached to the limits to the
medial canthi laterally and to the nasion anteriorly.

Figure7.
Transillumination of both sides of the frontal sinus following a modified Lothrop procedure.
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9. Extended sphenoid sinus procedures

Extended sphenoid sinusotomy is likely the most frequently performed extended
sinus procedure as it is pivotal in transsphenoidal approaches to pituitary gland
tumors, providing essential access to the skull base. This procedure creates a common
sphenoid sinus cavity by removing the intersinus septum along with performing
a posterior septectomy. Like other extended sinus procedures, extended sphenoid
sinusotomy is crucial for managing recalcitrant sinus disease that has failed both
appropriate medical therapy and primary sinus procedures. It is also indicated in
cases of severe osteoneogenesis, which can obstruct entry to the ipsilateral sphenoid
sinus through the natural ostium, as well as for the drainage of mucoceles and the
resection of tumors [14].

The objective of performing this procedure, other than the common indication
of gaining access to the skull base, is to minimize the chances of restenosis in chronic
sinus disease, ensuring better long-term outcomes. Additionally, this procedure
enhances access for postoperative examinations, debridement, and the administration
of topical medications. Conceptually, it is similar to a frontal sinus Draf III (Lothrop)
procedure, as it provides maximal access to the sphenoid sinus, facilitating improved
sinus drainage and allowing for effective postoperative management and in-office
debridement. By establishing a larger, more accessible cavity, it allows for thorough
monitoring and treatment of any residual or recurring disease. This is particularly
important for patients with complex sinus conditions, where meticulous postopera-
tive care and the ability to apply topical medications are essential to prevent further
recurrence and ensure sustained relief from symptoms.

10. Key anatomical landmarks

Identifying the key anatomical landmarks is crucial for the success of extended
sphenoid sinus procedures. These landmarks provide reference points that guide
the surgeon during the procedure, ensuring precision and minimizing the risk of
complications.

* Superior turbinate: Acts as a key landmark for locating the sphenoid ostium.
Identifying the superior turbinate and following it posteriorly often leads to the
sphenoid ostium.

* Sphenoid ostium: The natural opening of the sphenoid sinus into the nasal cavity,
essential for initial access.

* Sphenoid rostrum: The anterior bony wall of the sphenoid sinus, often removed or
drilled to enlarge the sphenoidotomy and gain better access to the sinus cavity.

* Optic nerve canal: The bony canal through which the optic nerve runs, located in
the lateral wall of the sphenoid sinus.

* Internal Carotid Artery (ICA): Runs laterally and inferiorly to the sphenoid sinus.
Identifying and preserving this artery is critical to avoid catastrophic hemor-
rhage or stroke.
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* Vidian canal: The bony canal containing the vidian nerve, located at the base of
the sphenoid sinus. It serves as an important landmark for the ICA in complex
skull base procedures.

* Floor of the sella: Important for transsphenoidal approaches to the pituitary
gland.

* Middle third of the clivus: Inferior to the floor of the sella and providing a reference
point for posterior sphenoid sinusotomy and access corridor in skull base surgeries.

11. Procedure details

The patient is placed in a supine position with the head slightly elevated, and the
nose is decongested. A 30-degree or 0-degree endoscope is inserted into the nasal
cavity. The natural sphenoid ostium is located, typically found superior to the choana
and medial to the superior turbinate. The ostium is then enlarged using a microde-
brider or Kerrison rongeurs to facilitate better access. The sinus that is opened first is
typically the one easier to access and leads to a more pneumatized sphenoid sinus.

The sphenoid rostrum is removed completely using a high-speed drill or rongeurs
to create a wider sphenoidotomy. This step involves careful drilling to avoid damage to
surrounding structures, including the optic nerve and ICA. Subsequently, a posterior
septectomy is performed by removing the posterior portion of the nasal septum,
creating a common cavity between the left and right sphenoid sinuses, and enhancing
surgical access and drainage.

Following the septectomy, the intersinus septum between the left and right
sphenoid sinuses is removed, creating a single, large sphenoid cavity. The common
sphenoid sinus opening is enlarged superiorly to the level of the planum sphenoidale
and inferiorly to the floor of the sphenoid sinus, and laterally until the sphenoid
cavity is contiguous with the medial orbital wall. This facilitates access and improves
postoperative management, reducing the risk of restenosis. Identifying the optic
nerve canal and ICA is crucial. The intersinus septum is removed using true-cutting
instruments or a diamond burr. It is important to avoid pulling the intersinus septum
using non-true-cutting instruments, as it may be attached to the parasellar or para-
clival ICA, and pulling on it may result in catastrophic bleeding.

If pathologies such as mucoceles, tumors, or severe osteoneogenesis is present, the
diseased tissue is carefully resected using various surgical instruments. The goal is to
remove diseased tissue while preserving healthy mucosa. If the procedure is done as
part of access to the skull base and a septal flap is needed, the flap should be raised
before the procedure and tucked in the nasopharynx for later use in skull base repair.

12. The ethmoid sinus and the management of the middle turbinate

Anterior or total ethmoidectomy is the standard surgical procedure for managing
ethmoid sinus disease that has not responded to medical treatment. This proce-
dure emphasizes the concept of mucosal preservation. However, more aggressive
approaches have been described for cases where standard ethmoidectomy fails.
Jankowski et al. presented results of a more radical approach known as nasalization,
or radical ethmoidectomy. This procedure involves removing all the bony lamellae
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and mucosa within the ethmoid sinus and includes performing a large maxillary
antrostomy, sphenoidotomy, frontal sinusotomy, and middle turbinectomy.

In their study, Jankowski and colleagues compared nasalization to conventional
ethmoidectomy. Patients who underwent nasalization showed better outcomes in
terms of nasal symptoms compared to those who had conventional ethmoidectomy.
Notably, olfactory improvement remained stable for three years in the nasalization
group, whereas it worsened after 2 years in the ethmoidectomy group [15]. Ina
2006 follow-up study, Jankowski and colleagues further found that nasalization was
superior in terms of overall symptoms, as assessed by a questionnaire, endoscopic
appearance of the mucosa, appearance on CT scan, and recurrence rate. This evidence
supports the use of nasalization in more severe cases of ethmoid sinus disease that do
not respond to standard surgical treatments [16].

13. Postoperative care

Postoperative care is a critical component of managing patients undergoing
extended sinus surgeries. Proper care and monitoring following surgery can signifi-
cantly impact the overall success and long-term outcomes of the procedure. Initially,
patients may be prescribed antibiotics based on the cultures taken at the time of
surgery. Saline irrigations mixed with topical corticosteroids, depending on the
pathology, will help promote healing and reduce crusting [17].

Regular follow-up visits are crucial for assessing the surgical site and identifying
any early signs of complications. During these visits, endoscopic examinations are
performed to monitor the healing process, remove any crusts or debris, and ensure
that the surgical cavities remain patent. Debridement may be necessary to remove any
granulation tissue or crusts and to release any synechiae that could obstruct the sinus
openings [18, 19].

Patients are advised to avoid activities that may increase nasal pressure, such as
nose blowing or heavy lifting, to prevent disruption of the surgical site. They are also
instructed to avoid exposure to irritants like smoke or dust, which can exacerbate
inflammation and impede healing.

Long-term follow-up is necessary for patients with chronic conditions to monitor
for any disease recurrence and to manage it as indicated.
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Chapter7
Dacryocystitis and Its Management

Sindhuja Bhanwala

Abstract

The lacrimal apparatus drains into the inferior meatus of the nose via the
nasolacrimal duct. Blockage of this drainage pathway leads to a consistent and con-
tinuous epiphora which tends to become sticky and thick over time. Thus, it can lead
to recurrent episodes of acute infections which present with a swelling in the medial
canthal region (acute dacryocystitis). Dacryocystorhinostomy (DCR) is recognized
as the most suitable treatment for patients with obstruction of the lacrimal system at
the level of the sac or the nasolacrimal duct. This operation aims to create a bypass
between the lacrimal sac and the nasal cavity. Traditionally, this was achieved by
performing an external DCR using an external skin incision. But over the past two
decades, we have seen advances in rigid endoscopic equipment, which have led to
the development of a safer and less-invasive technique, namely, endoscopic DCR for
treating symptomatic lacrimal apparatus disorders. This chapter provides a compre-
hensive overview of the lacrimal system, dacryocystitis etiology and management. It
delves into the indications for surgical intervention and compares traditional external
DCR with the less-invasive endoscopic DCR technique. By detailing postoperative
care, this chapter aims to offer a streamlined approach to understanding and treating
symptomatic lacrimal apparatus disorders.

Keywords: lacrimal apparatus diseases, dacryocystorhinostomy, endoscopic, epiphora,
dacryocystitis

1. Introduction

Dacryocystitis, an inflammation of the nasolacrimal sac, often stems from an
obstruction within the nasolacrimal duct (NLDO), resulting in tear stagnation and
the hallmark symptom of epiphora. Additionally, it may manifest as a tender swell-
ing near the eye’s inferomedial canthus, periorbital cellulitis, erythema and purulent
discharge. Timely diagnosis and effective management are pivotal in averting poten-
tial complications. Treatment typically encompasses antibiotics, wound care and
addressing the underlying obstruction, often requiring surgical intervention such as
dacryorhinocystostomy in chronic cases [1].

Collaborative efforts amongst ophthalmologists, otorhinolaryngologists, nurses,
physicians and pharmacists are indispensable for comprehensive patient care and
favorable outcomes.
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2. Anatomy of the lacrimal system and its drainage pathway

The lacrimal sac, nestled within the lacrimal fossa, drains into the nasolacrimal duct.
Lacrimal puncta, situated at the medial ends of the upper and lower eyelids, connect to
the lacrimal sac via the upper and lower canaliculi. These canaliculi converge to form the
common canaliculus, which opens high on the lateral wall of the lacrimal sac. It extends
about 9 mm above the axilla of the middle turbinate. The thick anterior limb of the medial
canthal tendon wraps along the anterior upper half of the lacrimal sac to insert onto the
anterior lacrimal crest, and then the posterior limb passes behind the sac to insert onto
the posterior lacrimal crest. The nasolacrimal duct travels within a bony canal formed by
the maxillary and lacrimal bones, terminating at the inferior meatus of the nose.

Tear production by the lacrimal gland, along with accessory glands of Wolfring
and Krause, nourishes and lubricates the eye. Tears flow through the puncta, ampul-
lae, canaliculi and, finally, the lacrimal sac, before descending through the nasolacri-
mal duct and reaching the nasal cavity (Figure1) [2, 3].

3. Classification and etiology

Dacryocystitis, resulting from obstruction in the lacrimal drainage pathway, mani-
fests as either acute or chronic, congenital, or acquired.

Acute dacryocystitis, an infectious state, can be caused by various Gram-positive
and Gram-negative bacteria including Staphylococcus aureus, Streptococcus pneu-
moniae, Haemophilus influenzae, Servatia mavcescens and Pseudomonas aeruginosa [1].

Lacrimal gland

Lacrimal gland
ducts

rSuperior lacrimal
canal
~—tinferior labrimal
canal
Lacrimal sac
+tMiddie turbinate
Nasolacrimal duct

FValve of Hasner

Hnferior turbinate

Figure 1.
Anatomy of the lacrimal apparatus and its drainage pathway.
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Chronic dacryocystitis ensues from persistent obstruction, attributed to recur-
rent infections, dacryoliths, or systemic diseases like sarcoidosis and systemic lupus
erythematosus.

Congenital dacryocystitis may stem from infection, failure of membrane rupture
at the valve of Hasner, or persistent epithelial plugs [4].

Acquired dacryocystitis may be primary, characterized by chronic inflammation
and fibrosis of the NLDO, or secondary, resulting from trauma, dacryolithiasis,
tumors, or certain medications such as timolol, flourouracil and docetaxel.

4. Epidemiology

Dacryocystitis exhibits a bimodal distribution, with most cases occurring shortly
after birth (congenital) or beyond 40 years of age. Predominantly affecting white
individuals, over 75% of cases occur in females [1].

5. Pathophysiology

Obstruction within the nasolacrimal drainage system sets the stage for dacryo-
cystitis, leading to the accumulation of tears in the lacrimal sac. Subsequent bacterial
colonization incites infection, characterized by erythema, swelling and tenderness
over the lacrimal sac. Untreated, it can progress to complications such as orbital
abscess, cellulitis, necrotizing fasciitis and even meningitis [5].

6. Risk factors

Various factors contribute to the development of dacryocystitis, including gender
(females have narrower ducts), older age (due to narrowed punctual openings and
slower tear drainage), dacryoliths, nasal septal deviation, rhinitis, turbinate hyper-
trophy, idiopathic or iatrogenic trauma to the nasolacrimal system, systemic disorders
and certain medications.

7. Clinical features

Acute dacryocystitis presents with sudden pain, erythema, fever and edema
around the medial canthus and orbit. Symptoms progress over hours to days, often
accompanied by purulent discharge. Chronic dacryocystitis typically manifests as
epiphora, sometimes accompanied by conjunctival chemosis and changes in visual
acuity due to altered tear film production (Figure 2).

8. Complications
Without intervention, dacryocystitis can extend to adjacent orbital tissues, leading

to preseptal cellulitis, orbital cellulitis, orbital abscess, optic nerve compression and
eventual vision loss.
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Figure 2.
Acute dacryocystitis with swelling and erythema at the inferomedial aspect of the eye.

9. Evaluation and investigations

Diagnosis of dacryocystitis relies primarily on clinical assessment and patient

history. Imaging and blood work are reserved for acutely ill patients. Diagnostic
procedures include tear duct massage for microbiological evaluation, serologic testing
for systemic diseases suspicion and various tests like syringing, diagnostic probing
and nasal endoscopy for surgical planning. In recurrent cases, additional tests such

as the Jones test, fluorescein dye disappearance test, dacryocystography and imaging
modalities like CT/MRI may be employed. Secretory tests like Schirmer’s test may also
be performed occasionally to rule out dry eye syndromes.

The following diagnostic tests are performed routinely if a surgical intervention is

being planned:

* Syringing: used to check for the presence of any pre-sacral obstruction. Sterile
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saline solution is injected into the punctum, and if after 15-30 seconds, there was
no regurgitation and if the patient appreciates a salty taste with awakening of

the swallowing reflex, then the lacrimal passage is considered to be fully patent.
If some saline regurgitated from either puncta and some saline passed into the
nose, then the lacrimal passage is partially obstructed. A functional blockage is
said to be present if there is no regurgitation of saline but a swelling developed in
the lacrimal sac region (Figure 3) [6].

Diagnostic probing: a lacrimal probe is passed through the punctum towards the
canaliculus. If the common canaliculus is patent, the probe touches the medial
wall of the sac and its underlying bone, giving a hard and bony feel (Hard stop).
Hard stops are usually amenable to surgical correction. If there is a blocked com-
mon canaliculus, we encounter a soft, spongy feel.

Diagnostic nasal endoscopy: is used to assess the nasal septum for deviation,
middle meatus for any sinus disorders, osteomeatal complex and turbinates.
It helps to exclude any rhinological pathology as the underlying etiology for
dacryocystitis as well as helps in surgical planning.
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Figure 3.
Lacvimal syringing which shows regurgitation and an incomplete canalicular block.

Additionally, in recurrent cases, the following additional tests may be required to

rule out any other causes for excessive tearing:
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* Jones Test: Primary Jones Test—2% fluorescence dye is instilled in the conjunctival

sac, and a cotton tip applicator moistened with 4% lignocaine is inserted into the
inferior meatus. If the applicator is stained with the dye, then the nasolacrimal
passage is patent. Secondary Jones Test—it is only performed if the primary test

is suggestive of an obstructed nasolacrimal passage. After 5 minutes, the con-
junctival sac is flushed with normal saline to remove any residual dye, and then
clear normal saline is injected into the sac. If the dye appeared in the nose after
injecting, then it is suggestive of a partial blockage of the passage. If no dye was
recovered from the nose, then it is suggestive of a canaliculus block. If no fluid

is recovered from the nose, then it is suggestive of a complete blockage of the
nasolacrimal passage.

* Fluorescein dye disappearance test: a drop of 2% fluorescence dye is instilled into

the conjunctival cul de sac. After 5 minutes, if all the dye had disappeared, then
there is no obstruction. However, if there is presence of residual dye, it indicates
an obstruction.

* Dacryocystography: it is a relatively simple, inexpensive and straightforward

procedure in which a radiographic contrast material (either water based or oil
based) is injected into the lower lid canalicular system using a lacrimal cannula.
Serial postero-anterior and lateral X-ray films of the orbit are obtained immedi-
ately after the injection and also after 30 minutes. A delay in emptying time, or
failure of the dye to appear in the nasal cavity or nasopharynx, is indicative of an
obstruction (Figure 4).

* CT/MRI: is usually reserved of traumatic cases or if there is extensive infection

with a suspicion of orbital cellulitis. It helps in surgical planning especially if an
endonasal and endoscopic intervention is being planned. These are very useful in
evaluating infants with congenital dacryocystitis as they delineate the potential
aetiologies of a medial canthal mass such as congenital encephaloceles or vascu-
lar malformations [7].
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Figure 4.
Dacryocystogram showing left lacrimal dacryolithiasis.

* Secretory tests: are occasionally performed to rule out dry eye syndromes.
Schrimer’s test, Bengal rose staining test and lysozyme lysis tests are some
examples of secretory tests which are occasionally performed.

10. Management

Dacryocystitis necessitates a combined approach of medical and surgical interven-
tions. While acute cases typically respond well to conservative management, surgical
intervention becomes more favorable for chronic cases.

Congenital dacryocystitis often resolves spontaneously within the first year of life
in about 80-100% cases, with a significant percentage achieving resolution within
the initial 6 months [8]. For symptomatic cases not showing spontaneous resolu-
tion, lacrimal sac massage with high-pressure irrigation can be attempted. Probing,
once considered the primary intervention, is now reserved for children over 1 year
of age, after failed spontaneous resolution, with a success rate of approximately
70%. However, it carries risks of creating false passages and epithelial injury leading
to fibrosis and scarring, thus reserved for children older than 1 year [9]. If primary
probing fails, alternative surgical interventions such as silicone tube intubation,
dacryocystorhinostomy, balloon catheter dilation and inferior turbinate fracture may
be explored. Topical antibiotics are usually reserved for any acute flare ups.

Acute dacryocystitis is managed with oral antibiotics covering both Gram-positive
and Gram-negative organisms (preferably with antistaphylococcal activity), warm
compresses and Crigler massage. Lacrimal probing is discouraged during acute
episodes. Unresponsive cases are managed with incision and drainage with direct
antibiotic application to the lacrimal sac, to provide immediate pain relief and rapid
infection control [10, 11].

Chronic dacryocystitis typically necessitates surgical management, with prob-
ing often performed initially in outpatient settings. However, most cases eventually
require surgical intervention to prevent disease progression. Techniques such as bal-
loon dilation, silicone tube intubation and nasolacrimal stenting may be attempted.
However, the primary management remains dacryocystorhinostomy (DCR), either
through external or endoscopic endonasal approaches.
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11. Dacryocystorhinostomy (DCR)

DCR creates an anastomosis between the lacrimal sac and nasal mucosa, bypassing

the obstructed drainage pathway. External DCR, described by Adeo Toti in 1904, his-
torically served as the standard surgical approach until the late twentieth century. But
was associated with external scarring and a failure rate of 3-15% [12]. In pursuit of a
less invasive, more physiological and more effective technique, endoscopic endonasal
DCR (EE-DCR) emerged. Initially described by Rice in 1988 [13] and first performed
on live patients by McDonough and Meiring in 1989 [14], EE-DCR offers a more
physiological approach with potentially higher success rates compared to traditional
external DCR.
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* Indications: persistent congenital dacryocystitis not responding to conserva-

tive measures, congenital lacrimal duct obstruction associated with mucocele,
dacryocystitis, acquired nasolacrimal duct obstruction

Contraindications: acute dacryocystitis, malignant lacrimal sac mass, dry eye
syndromes, bleeding dycrasias

Surgical prerequisites: confirmation of diagnosis and clinical features, blood
investigations like a complete hemogram, serological evaluation for HIV, HBV
and HCYV, coagulation profile, additional anesthetic investigations such as blood
pressure measurement and random blood sugars based on the patient’s age and
comorbidities.

Equipment and instruments: toothed forceps, needle holder, punctual dilator,
Bowman’s probe, Freer’s periosteal elevator, blades (number 15, crescent knife),
Kerrison punch, sutures (6-0 vicryl and 6-0 silk) and lacrimal (Crawford) stents.

Anesthesia: can be performed under local or general anesthesia, but usually local
anesthesia is preferred. Local infiltration to block the infratrochlear nerve in
conjunction with topical anesthesia of the nasal mucosa is the preferred technique.

Steps:

A. A curvilinear incision, measuring about 1 cm in length, is given along the
anterior lacrimal crest, 3-4 mm short of the medial canthus (Figure 5).

B. Blunt subcutaneous dissection is done to expose the periosteum overlying
the lacrimal fossa. Care is taken to avoid injury to the medial canthal tendon
(Figure 6).

C. Bone punches are made at the junction of the lamina payracea and the
lacrimal bone to create a bony ostium which is then sequentially enlarged
(Figure 7).

D. Sac flaps are then created anteriorly and posteriorly using a Bowma’ probe.

E. H-shaped incision is then made across the sac funds till the nasolacrimal duct.
The flaps are then raised, and the posterior one is cut.
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F. Nasal mucosal flaps are then fashioned using an 11 blade along the bony
ostium (Figure 8).

G. The nasal mucosal and the sac flaps are then anastomosed edge to edge.

H. Once the anastomosis is secure, the orbicularis is sutured back with 6-0 vicryl
followed by skin with 6-0 silk (Figure 9).

I. Additionally, if there are adhesions within the lacrimal sac, 0.04% Mitomycin
C can be applied intraoperatively. Intubation can be done simultaneously
especially in case of inadequate flaps [15-17].

J. Nasal packing is optional, but may be required at times to achieve hemostasis.

* Postoperative care: postoperatively, the patient is prescribed analgesics, topical
and oral antibiotics. Nasal decongestants and saline nasal drops are prescribed
as well for wound care. The sutures are removed after 1 week, and the patient is
regularly followed up in the clinic at 6 weeks, 12 weeks and 6 months.

* Complications:

A. Early (1-4 weeks): wound dehiscence, infection, tube displacement, nasal
crusting and intranasal synechiae.

B. Intermediate (1-3 months): granulomas, tube displacement (Figure 10),
synechiae, punctual cheese wiring, facial scar and nonfunctional DCR

C. Late (>3 months): rhinostomy fibrosis, webbed facial scar, medial canthal
distortion and failed DCR

11.1 Endoscopic endonasal DCR

* Indications: epiphora caused by anatomic or functional obstruction of the lacri-
mal sac or the nasolacrimal duct, chronic relapsing dacryocystitis with purulent
discharge, active infection of the lacrimal sac with infection of the overlying
skin, acute dacryocystitis, nasolacrimal duct injury, dacryolithiasis, dacryocele
and benign lacrimal sac mass

* Contraindications: dry eye syndromes, chronic epiphora due to presaccal
obstruction, lagophthalmos with facial nerve palsy, ectropion of the lower
lid, malignancy of the lacrimal system, extensive synechiae between the nasal
septum and lateral nasal wall, sinonasal malignancy, Wegener’s granulomatosis,
significant collapse of the nasal dorsal due to trauma, bleeding dycrasias

* Surgical prerequistes: confirmation of diagnosis and clinical features, syringing
and diagnostic probing, diagnostic nasal endoscopy, blood investigations like a
complete hemogram, serological evaluation for HIV, HBV and HCV, coagulation
profile, additional anesthetic investigations such as blood pressure measurement
and random blood sugars based on the patient’s age and comorbidities.

* Equipment and instruments: endoscopic camera system, video monitor, suc-
tion apparatus, antifog solution, light source and cable, 0° and 30 rigid nasal

126



Dacryocystitis and Its Management
DOI: http://dx.doi.org/10.5772/intechopen.1005585

127

endoscopes, Blakesley forceps, endoscopic scissors, through cut forceps, Freer’s
elevator, ball probe, sickle knife, suction cannulas, Kerrison rongeur and burr tips
(optional).

Anesthesia: general anesthesia is the preferred modality for performing an
endoscopic end-nasal DCR as it facilitates correction of any simultaneous
nasal pathology which contributes to NLDO. However, in cases of severe
and uncontrolled comorbidities, it can be performed under local
anesthesia as well.

Steps:

A. Nasal cavity is packed with cottonwoods soaked in 4% lignocaine with 1 in
10,000 adrenaline for about 5-10 minutes to decongest the nasal mucosa. If
required, a septoplasty is then done to improve surgical exposure.

B. Lateral wall of the nose is infiltrated with 2% lignocaine with adrenaline, just
anterior to the uncinate process.

C. A C-shaped mucosal flap measuring about 1.5 x 1 cm is then fashioned using
a 15 number surgical knife. The first incision starts 1 cm above the axilla of
the middle turbinate and runs forward by 1 cm, the blade is then turned
vertically, a 1.5 cm incision is made downwards, the blade is then turned
posteriorly and a 1 cm horizontal incision is made to create a posteriorly bases
mucosal flap (Figure 11).

D. The mucosal flap is then elevated and is then reflected or excised, to expose
the underlying lacrimal bone and the frontal process of the maxilla.

E. The thin lacrimal bone is elevated with a Freer elevator and removed with a
forceps.

F. Kerrison rongeur is then used to take off the frontal process of the maxilla
(some surgeons prefer to drill it out with microdrills and burr attachments,
especially if the bone is very thick)

G. This exposes the medial wall of the lacrimal sac in its entirety.

H. The medial wall of the sac is incised with a sickle knife and excised with a
Blakesly forceps or a through cut forceps.

I. Patency confirmed with saline irrigation via the inferior canaliculus.

J. The mucosal flap is then repositioned to cover any exposed bone. Care should
be taken to prevent the flap from covering the sac incision.

K. Silicone stents can then be inserted, particularly in revision cases, from the
upper and lower canaliculus. Once both the ends are visible inside the nasal
cavity, they are held together using a Watzke sleeve or are gently tied together.
The excess length of the tube is then excised intranasally.

L. 0.04% Mitomycin C can then be applied to prevent granuloma formation.
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M. Nasal packs can be inserted to ensure hemostasis.

* Postoperative care: the patient is usually prescribed oral antibiotics, analgesics
and saline nasal drops for 1 week in conjunction with topic antibiotic eye drops.
Lacrimal syringing is performed twice daily on first and second postoperative
days, and then the patients are discharged. They are followed up in the outpatient
clinic at 1 week, 3 weeks and 3 months after the surgery. Nasal endoscopy is usu-
ally performed in the follow-up visits to ensure lacrimal passage latency and to
remove any excessive crusting. In such cases, it is worthwhile to give saline nasal
rinses and douches as well.

* Complications:

A. Early (1-4 weeks): hemorrhage and bleeding into the orbit (in 5-10% cases),
ecchymosis of the lower lid, emphysema of the lower lid or cheek, injury to lamina
papyracea exposing the orbital fat, medial rectus injury leading to diplopia

B. Intermediate (1-3 months): granulations, granulomas, synechiaea, stent
migration, cheese wiring (excessively tight stent cuts through the canaliculus
and the skin between them at the medial canthus) (Figure 12)

C. Late (>3 months): synechiaea, granuloma formation, stent migration and cheese
wiring, lacrimal sump syndrome (block of the common canaliculus intranasally
due to mucus accumulation and accompanying sac inflammation, usually
responds to external sac massage which helps to clear the accumulated mucus)

11.2 Ex-DCR vs. EE-DCR

EE-DCR has got several advantages over an Ex-DCR. It is a more physiological pro-
cedure as it avoids injury to the orbicularis oculi muscle, thereby preserving its pump-
ing function. It avoids an external facial scar and any concomitant nasal pathologies

Figures.
Curvilinear incision used for ExDCR.
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Figure 6.
Dissection of the lacrimal sac to expose the bony lacrimal fossa.

Figure 7.
Creation of bony ostium using a Kerrison punch.

Figure 8.
Raising the nasal mucosal flap after making an incision in the sac.
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can be corrected in a single procedure. However, it does require specialized training
for performing procedures with endoscopic assistance, and moreover, the endoscopic
equipment is expensive as well.

Figure 9.
Wound closure with sutures showing an external facial scar.

Figure 10.
Postoperative complication showing tube displacement.

Figure 11.
Endoscopic view of the left lateral nasal wall showing the maxillary line and uncinate process (A) and a
diagrammatic illustration demonstrating relationship of lacrimal sac to uncinate process and middle turbinate (B).
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Figure 12.

Postoperative complication showing cheese wiring.

Aspect EX-DCR EE-DCR
Approach External Endoscopic, endonasal
Physiological consideration Less physiological as More physiological as orbicularis oculi and its

orbicularis oculi gets severed

pumping mechanism are preserved

Scar

External facial scar present

Avoids a facial scar

Correction of nasal pathologies

Cannot be corrected

Can be corrected in a single procedure

Anesthesia Local anesthesia is preferred General anesthesia is preferred

Training requirement No additional training Requires specialized training for using
endoscopes

Equipment Inexpensive Relatively expensive

Active infection

Cannot be done in cases of
active infection

Active infection is not a contraindication

Table 1.

Comparison between external and endoscopic DCR.

The major differences between the two procedures are summarized below in a

tabular manner (Table1).

12. Balloon catheter dilation of NLD/balloon dacryoplasty

It is a minimally invasive procedure to establish lacrimal system patency in patients
with congenital NLDO [18]. It is typically performed in children above 12 months of age.

* Indications: failed probing, restenosis after failed silicone intubation

* Anesthesia: performed under general anesthesia

* Steps:

A. Superior and inferior puncta are dilated using a punctual dilator
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B. The balloon catheter is lubricated and inserted into the upper lacrimal system
till the 15 mm mark. It is slowly advanced towards the nose and can be grasped
via the nostril once it is in place.

C. The balloon is then inflated to 8 atmospheres for 90 seconds, then deflated,
and then reinflated to 8 atmospheres for 60 seconds.

D. It is then gently retracted 5 mm where the same steps are repeated.
E. It is then removed by twisting in an anticlockwise manner.

* Postoperative care: topical antibiotic eye drops are prescribed for a week after the
procedure. Usually analgesics are not required.

13. Recent advances

A new, novel lacrimal ostium stent (LOS) is currently being evaluated for use
in patients with a small lacrimal sac, who are undergoing EE-DCR. Most cases of
EE-DCR with a failed result, are attributed to the closure of the nasal ostium. In such
cases, LOS comes in handy as it prevents the closure of the nasal ostium and thus, can
enhance the success rate of the procedure.

The LOS is a tripartite structure composed of silicone. It has a smooth surface and
has a central hollow tube which facilitates lacrimal drainage. It has also got an ellipti-
cal repositioning plate and four buckles which facilitate a strong fixation [19].

14. Conclusion

Dacryocystitis stands as a primary culprit behind epiphora and periorbital swell-
ing, stemming from either nasolacrimal duct obstruction or lacrimal passage blockage,
culminating in infection. It presents as either congenital or acquired, with the latter
further categorized into primary or secondary forms. A comprehensive assessment
involving physical examination and diagnostic tests is imperative for accurate diagnosis,
emphasizing collaborative efforts between ophthalmologists and otorhinolaryngologists
for optimal patient care. While acute cases typically receive conservative management,
surgical intervention emerges as the cornerstone for chronic cases. Although external
DCR (Ex-DCR) historically served as the gold standard surgical intervention, the tide is
shifting towards Endoscopic Endonasal DCR (EE-DCR) owing to its myriad advantages.
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Chapter 8

Advancements in the Application
of Medical Laser in Rhinology

Lingling Zhou and Yu Huang

Abstract

With the development of laser technology and the advancement of otolaryngol-
ogy, medical laser is playing increasingly important roles in the treatment of otolar-
yngology diseases, especially in early-stage laryngeal cancer by trans-oral endoscopic
surgery, which significantly improved patients’ survival and quality of life. Medical
laser in the treatment of nasal diseases started, respectively, late, which is still under
exploration. To advocate the application of medical laser in rhinology and provide
inspiration for exploring new ideas of medical laser in this field, current application
of medical laser in the treatment of nasal diseases is discussed, combined with our
experience in clinical practice. Medical laser can be applied in various rhinologic
practices. Laser surgery technology is playing increasing roles in rhinology, and it is of
great potential that medical laser will bring new expansion to the field of minimally
invasive nasal surgery.

Keywords: medical laser, rhinology, dacryocystorhinostomy, turbinate reduction,
nostril atresia, rosacea

1. Introduction

Medical laser refers to utilization of advanced laser technology in a broad area to
meet challenges in clinical diagnosis and therapy and to address healthcare issues that
impact broad populations [1]. With the development of laser technology as well as
the advancement of otolaryngology surgery conceptions and skills, new applications
of medical laser have been explored to help diagnosis and therapy for otolaryngology
diseases. Medical laser is playing increasingly important roles in the treatment of
otolaryngology diseases, for instance, especially in the treatment of early and middle-
stage laryngeal cancer by trans-oral endoscopic minimally invasive surgery, which has
modified surgical approaches and significantly improved patients’ survival and qual-
ity of life. Medical laser in the treatment of nasal diseases started, respectively, late,
which is still in the stage of exploration. In this chapter, we will discuss the application
of medical laser in the treatment of nasal diseases, combined with our experience of
diagnosis and treatment in clinical practice, in order to advocate the applications of
medical laser in rhinology and promote inspiration for exploring new applications
of medical laser in this field.
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2. Laser characteristics for medical application

Laser is abbreviated terminology of light amplification by stimulated emission of
radiation. In 1960, physicist Theodore Maiman invented the world’s first laser device,
aruby laser [2].

Laser has high monochromaticity, high directivity, high brightness, and good
coherence. In medical procedures, these characteristics are utilized to convert laser
energy into thermal effect on the focused area, so that the instantaneous temperature
can reach up to 200 ~ 1000°C, leading to coagulation, incision, and vaporization of
the target tissue.

Coagulation: The thermal effect of laser causes the temperature rising of
target tissue, and when it exceeds 56°C, the tissue protein becomes denatured and
coagulated, which can destroy the lesion, or achieve hemostasis by closing the
blood vessels.

Incision: Laser energy and thermal effect are enhanced compared to coagula-
tion mode, to achieve incising effect by rapidly burning up of target tissue, leaving
necrotic areas on both sides of the incision.

Vaporization: The laser energy and thermal effect are further enhanced, and the
local high temperature makes the tissue instantaneously transform into smoke and
vapor, so as to eliminate the lesion.

3. Classification of commonly used medical lasers

Classification of medical lasers is typically according to the main materials they
are composed of. Commonly used medical lasers include solid-state laser, gas laser,
excimer laser, dye laser, semiconductor laser, and so on, and each of them have
diverse characteristics, respectively.

3.1 Solid-state laser

The main material is glass or crystal material, adding ionic elements such as ruby,
sapphire, neodymium-doped yttrium aluminum garnet (Nd:YAG), erbium-doped
garnet (Er:-YAG), neodymium-doped glass (Nd:Glass), KTP laser, holmium laser,
thulium laser, and so on. The solid-state laser has the merits of high optical power,
excellent beam quality, and wide tuning range [3].

3.2 Gas laser
The main material to release gas laser is the gas inside the medium such as helium-

neon (He-Ne), argon ion, CO,, copper vapor laser, and so on. Gas lasers were the first
continuous wave (CW) lasers [4].

3.3 Excimer laser
The reactive gas is mixed with the inert gas as the medium to generate the laser

such as chlorine/fluorine - argon/krypton/xenon laser. Excimer lasers have the char-
acteristics of short wavelength and high power, belonging to the pulse laser.

138



Advancements in the Application of Medical Laser in Rhinology
DOI: http://dx.doi.org/10.5772/intechopen.1006193

3.4 Dye laser

Organic dyes are used as laser media in solution or suspensionsuch as PDL laser,
high power, and good optics, but low efficiency, need to replace the dye. They
generally allow for a wider range of wavelengths compared to solid-state or gas
lasers [4].

3.5 Semiconductor laser

Generally refers to diode laser, which has low price, high efficiency, low envi-
ronmental requirements, and long service life. The p—n junction of a semiconductor
diode forms the active medium [4].

Among them, solid-state laser and gas laser are considered to have higher output
power and energy efficiency. The commonly used lasers in otolaryngology include
neodymium-doped yttrium aluminum garnet (Nd:YAG), KTP laser, holmium laser,
helium-neon (He-Ne), CO,, PDL laser, and so on.

4. History of medical laser application in otolaryngology

The technology of laser was first introduced by Theodore Maiman in Hughes
Aircraft Laboratories (HRL) in 1960 [5]. The 33-year-old physicist created a kind of
light that had not been observed previously from any natural origin, by stimulating
specific cubic ruby material to emit red pulsating light with high brightness and high
strength. Thereafter, a variety of materials have been gradually found presenting
similar characteristics.

Ophthalmologist Charles ] Campbell from Columbia Presbyterian Medical Center,
who noticed the potential value of laser for clinical application, performed a retinal
laser surgery in 1961, which was the first laser surgery in human body [6], resecting
retinal neoplasm using a ruby laser.

In 1963, Kumar Patel invented CO; laser, which was considered a most appropriate
solution designed for clinical use in otolaryngology [7].

In 1967, Polanyi and Bredemeier invented an optical transmission system suitable
for otolaryngological endoscopic procedures [8]. The equipment was composed of
quite similar components like lasers we use today.

In 1972, Strong and Jako performed the first laser surgery of laryngeal cancer
resection [9]. Continuous CO, laser was coupled to surgical microscope, to resect
lesions on vocal cord in a highly controllable mean.

Medical laser has played a significant role in changing surgical methods, improv-
ing patients’ quality of life and prognosis in the treatment of early and middle-stage
laryngeal cancer through oral endoscopic minimally invasive surgery. Applications
in the ear include laser tympanostomy, stapedotomy, etc. Medical laser in remedy for
nasal diseases started late, which is still in the stage of exploration.

Application of medical laser in rhinology started in late 1970s [10], as H Lenz from
Germany utilized argon-ion laser in carbonization of the respiratory mucosa of the
lower turbinates in vasomotor rhinitis [11]. Argon, KTP, and diode lasers were used
in managing epistaxis resulting from hereditary hemorrhagic telangiectasia [12]. A
variety of rhinology scenarios have been explored to attempt applicability of medical
laser till now, which will be introduced in this chapter.

139



Rhinology Conditions — Contemporary Topics

5. Laser commonly used in otolaryngology

Based on the classification of lasers referred above, there are various lasers for
medical use in different medical fields. Among them, lasers commonly used currently
in otolaryngology are listed below.

5.1 CO, laser

0f 10,600 nm wavelength, it is easily absorbed by water components in soft tissue,
with rapid gasification and cutting effect on tissue. CO, laser causes mild damage to
peripheral tissue. The classic optical guide arm mode is mostly used, and the opti-
cal fiber mode has appeared in recent years, as supplementary component to access
particular surgical field that could not be reached by optical guide arm mode. CO,
laser is the most commonly used laser in otorhinolaryngology.

5.2 Nd:YAG laser

Of 1064 nm wavelength, it is mainly absorbed by cellular proteins, so as to take
thermal effect on deep tissue. On the other hand, this type of laser is of higher pos-
sibility in inducing postoperative scar and blisters.

5.3 Ho:YAG laser

Of 2014 nm wavelength, it is easily absorbed by water in the tissue, producing
micro-bubbles to separate and cut hard tissue, like bones or calculi. The cutting effect
on tissue is relatively superficial.

5.4 KTP laser (potassium titanium oxide phosphate laser, green laser)

Of 532 nm wavelength, it can be selectively absorbed by hemoglobin in the tissue,
exhibiting good hemostatic effect. It produces less vapor in surgical field, providing a
better view for surgeons.

5.5PDL laser (pulsed dye laser)

Of 585/595 nm wavelength, it is mainly absorbed by hemoglobin and melanin in
tissue, which can effectively treat a variety of vascular diseases.

5.6 He-Ne laser (red laser)

Of 632.8 nm wavelength, it is the most commonly used gas laser in medical field,
which can be non-specifically absorbed by hemoglobin and proteins in tissue.

6. The application of medical laser in nasal diseases

Medical laser can be applied in various rhinologic clinical practices, ranging from
inflammatory situations as allergic or nonallergic rhinitis, sinusitis, structural disease as
turbinate hypertrophy, nostril atresia, nasal adhesion, nasal-orbital disease as dacryo-
cystitis and abscess, epistaxis, and selected situation of neoplasms. Specific applications
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mainly include dacryocystorhinostomy, resection of external nasal masses and pig-
mented nevus, resection of benign and malignant tumors of nasal cavity and sinuses,
hemostasis of nasal hemorrhage, and laser resection of nasal mucosal hemangioma,
partial turbinectomy, sinusotomy and resection of nasal polyps, choanal plasty for
posterior nostril atresia, nasal adhesion separation, and treatment of rosacea.

6.1 Dacryocystorhinostomy

Dacryocystorhinostomy is indicated in dacryocystitis and abscess caused by chronic
lacrimal duct obstruction resulting from various reasons. Laser is utilized to incise the
dacryocyst projection area on the lateral wall of the nasal cavity, including the bony
structures of lacrimal bone and agger nasi, to achieve the effect of fusion of the dacryo-
cyst cavity and the nasal cavity, as treatment of lacrimal cyst obstructive inflammation
(See Figure 1). High power laser such as Ho-YAG laser is proposed [13, 14].

In clinical practice, the authors’ experience is that after ablating the frontal process
of maxilla and the lacrimal bone covering the dacryocyst area, a perpendicular inci-
sion could be made along the posterior margin of the cyst to incise into it, in order to
avoid damaging the common lacrimal duct. The fusion of the dacryocyst cavity and
the nasal cavity should be sufficient, so as to access full drainage.

6.2 Resection of external nasal masses and pigmented nevus

Regarding the size and depth of external nose, lesions like epithelial masses and
pigmented nevus can be completely removed by cutting or vaporizing with the laser’s
photothermal effect. Commonly used lasers are CO, laser, and Nd:YAG laser [15, 16]. In
case some lesion should have potentiality of malignancy, cutting with laser and keeping
certain safe margins is abiding by the principle of en-bloc resection for tumors.

Furthermore, local treatment with CO, laser and pulsed dye laser is reported
being a new and effective method for skin flap necrosis after basal cell carcinoma
resection [17].

6.3 Resection of benign and malignant tumors of nasal cavity and sinuses

Laser has a unique role in the resection of benign and malignant tumors in the
nasal cavity and sinuses, such as the resection and photocoagulation of the original

Figure 1.
Laser for dacryocystorhinostomy. Yellow circle: Dacryocyst projection area.
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site of inverted papilloma (See Figure 2), the resection of malignant tumors regard-
ing the safe margin, and the coagulation treatment of the tumor bed. Suggested types
are KTP laser, PDL laser, etc. [14]. Some tumors are associated with possibility of
bone invasion, while bone drilling should be performed along with laser resection
and coagulation, to confirm acquisition of safe margins.

6.4 Hemostasis of nasal hemorrhage and laser resection of nasal mucosal
hemangioma

For nasal bleeding of small vessel rupture, or mucosal hemangioma, the bleeding
site and the surrounding area can be coagulated by laser in a non-contact way, and
the small hemangioma was coagulated and blocked (See Figure 3). Suggested types
are KTP laser, PDL laser, etc. [14]. The non-contact coagulation on the mucosa can
minimize irritation to nasal normal condition, so as to help the patients recover with
minimized nasal discomfort including nasal blockage, rhinorrhea, or subsequent risk
of adhesion.

Figure 2.
Resection of stage 1 inverted papilloma. Blue dotted circle: Laser applied region.

Figure 3.
Hemostasis of nasal hemorrhage by laser. Blue circle: Laser applied region.
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6.5 Partial turbinectomy

For some patients suffering from nasal blockage by turbinate hypertrophy due to
allergic rhinitis, vasomotor rhinitis, hypertrophic rhinitis, etc., nasal spray and oral
medication effect are sometimes not satisfying. By laser surgery, partial removal of
the turbinate tissue, coagulation, and postoperative scarring of the tissue can achieve
the effect of reducing the volume of the turbinate, improving nasal ventilation and
drainage, as well as reducing nasal secretions, which is rapid, effective, and with few
complications. On the other hand, posterior nasal nerve ablation by laser can relieve
nasal irritation symptoms of AR and VMR (See Figure 4) [14, 18]. CO, laser, KTP
laser, and He-Ne laser can be used.

Raj Tajamul Hussain et al. conducted a prospective observational study of 53 symp-
tomatic inferior turbinate hypertrophy patients who had poor effect by medication and
found that CO,-laser turbinoplasty improved nasal symptom scores, including nasal
congestion symptom rating scale (NOSE) and visual analog scale (VAS) scores [19].

6.6 Sinusotomy and resection of nasal polyps

For patients with chronic rhinosinusitis and nasal polyps, laser can be used in
functional nasal endoscopic sinus surgery, so as to reduce the sinus scarring, ensure

(A) (B) ()

Figure 4.

Turbinate hypertrophy due to allergic vhinitis, vasomotor rhinitis, hypertrophic rhinitis, etc. A. Turbinate
hypertrophy before laser. B. Nasal cavity view 1.5 weeks after laser surgery. C. Laser applied region for posterior
nasal nerve ablation (Red oval).

(A) (B) ()

Figure 5.
A. Resection of polyps by laser. Yellow dotted line: Laser applied region. B. Polyp before laser surgery. C. Nasal
cavity view 2 months after polyps laser surgery.
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(A) (B) ©) (D)

Figure 6.
Endoscope view of a patient with bilateral posterior nostril atvesia treated by laser choanal plasty. A. Right side,
before surgery. B. Left side, before surgery. C. Right side, 1 month after surgery. D. Left side, 1 month after surgery.

long-term drainage, and carry out vaporization of nasal polyps. Laser ablation

of the base of nasal polyposis can promote tissue scarring and reduce recurrence
(See Figure 5) [14]. Fiber laser such as KTP laser and Ho:YAG laser can be used. As
development of more effective instruments like powered microdebrider and plasma
ablation, laser is relatively less suitable for sinusotomy and resection of nasal polyps,
while it could still be an alternative in particular scenarios.

6.7 Choanal plasty for posterior nostril atresia

Posterior nostril atresia can be caused by congenital malformation/trauma/
post-radiotherapy scar adhesion. The atretic tissue is different according to etiology,
mainly of membrane/bone/mixed composition. According to the specific atretic
tissue, appropriate type of laser is selected for excision, with less trauma and less scar
contracture, and can be formed in one stage [20]. Suggested types are CO;, laser, KTP
laser, Ho:YAG laser, etc., depending on the atretic tissue. As shown in the figure, the
author treated a patient with bilateral posterior nostril atresia after radiotherapy for
nasopharyngeal carcinoma and achieved good results after CO, laser treatment, who
has fluent nasal airflow and is under further follow-up (See Figure 6).

Figure?7.
Nasal adhesion to be separated by laser surgery. Yellow dotted line: Laser incision. Green dotted line: Laser
ablation on proliferated scar tissue.
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6.8 Nasal adhesion separation

Nasal adhesion is a usual complication after endoscopic surgery, nasal trauma, or
inflammation. Fiber laser can be used to separate nasal adhesions, and local combina-
tion with mitomycin can enhance the efficacy and prevent re-adhesions [21]. CO,
laser and KTP laser can be selected.

In clinical practice of the authors’ institute, a ‘incise-coagulate’ method is utilized.
The adhesion tissue is incised in the middle, then both ends are coagulated in endo-
scopic vision, to ensure sufficient coagulation of scar tissue, as well as avoid extensive
injury to normal mucosa and vessels (See Figure 7).

6.9 Treatment of rosacea

Rosacea is a common chronic progressive skin inflammation characterized by per-
sistent flushing, skin erythema, subcutaneous telangiectasia, papules, pustules, and
nodoid changes in nasal appearance [22]. The laser of 500-600 nm wavelength can be
selectively absorbed by the target tissue of rosacea lesion, to eliminate erythema and
capillary dilatation, and the combination with hydroxymethazoline/hydroxychloro-
quine can enhance the efficacy [23]. Options include PDL laser, KTP laser, etc. Local
skin pain, purpura, and pigmentation may occur after treatment. PDL laser signifi-
cantly reduces nasal erythema and swelling.

There are some cautions after rosacea laser surgery. After laser surgery, patients
may experience purple skin discoloration and discomfort as the area heals. Ice packs
and steroids can reduce postoperative pain and swelling. Keeping the treatment area
covered with vaseline ointment may support healing. Pain can usually be controlled
with over-the-counter medications. It is recommended to use sunscreen outdoors
during the healing period [24].

7. The development of new laser technology

With the development of new laser technology, we expect to apply some new
technologies to the field of nasal surgery in the future. Femtosecond laser technol-
ogy and lattice laser technology are introduced here. Furthermore, new materials
are continuously being found capable for laser mediums, which have various new
characteristics, presenting potentials for expanding the utilization of medical
lasers.

7.1 Femtosecond laser technology

Femtosecond laser (FSL) works in ultrafast pulses with short duration of each
pulse (107" second level), operates in the range of tens of to hundreds of femtosec-
onds, which can be focused in a very small space volume with a very high instanta-
neous power, generating little effect on the surrounding tissue. As high instantaneous
power, focused precisely on the target lesion, a large number of microbubbles are gen-
erated through photolysis to separate tissues. FSL can easily achieve a spatial resolu-
tion of less than 100 nm to assure accuracy in operation [25]. The current application
of FSL is mainly in the field of ophthalmic precise surgeries. It may be developed and
applied in the field of rhinology surgery as necessity for specific scenarios requiring
higher precision.

145



Rhinology Conditions — Contemporary Topics

7.2 Lattice laser technology

Lattice laser was introduced by Dr. Rox Anderson of Harvard University in 2004.
A lattice microtherapy area (MTZ) is arranged by the fusion of superpulse laser
technology and computer graphics technology, as tissue vaporization caused by
laser to produce many three-dimensional tiny thermal damage strips of uniform size
and uniform arrangement surrounded by otherwise normal tissue, to stimulate the
initiation of target tissue repair and reconstruction. The treatment depth, density,
and treatment range can be preset, with high precision and small collateral damage
[26-28]. It is mainly used in the treatment of skin hemangioma, pigmented nevus,
vitiligo, scar, and so on. It may be developed and applied in the field of rhinology
plastic surgery or therapy for other superficial lesions in epithelium or mucosa.

7.3 New laser types for candidate application in rhinology

There are continuously new laser types emerging along with the advancement of
technology. Here, the author takes thulium fiber laser and autofocusing Bessel beams
for example to introduce.

7.3.1 Thulium fiber laser

A novel thulium fiber laser (TFL) has been reported successfully moved forward
from the preclinical trials into clinical practice and now is being widely used in clinics
around the world. The wavelength of TFL is closer to the water absorption peak. It
decreases carbonization and retropulsion which makes TFL an advantage in urologic
surgery [29]. Thulium fiber laser has been subsequently compared with holmium
laser in urologic clinical practice, to find TFL performing effective quick dusting and
producing smaller fragments, as well as working at a lower power, leading to higher
stone-free rate and lower risk of complications [30, 31]. TFL is currently mainly
utilized in urology, while some situations similar to lithotripsy occurring in rhinology,
such as dacryocystorhinostomy or other possible scenarios, should have the potential
for application of TFL.

7.3.2 Autofocusing Bessel beams

A new family of abruptly autofocusing waves named autofocusing Bessel beams
(ABBs) was introduced by Ding Z et al. in 2023, which only strongly influence the
area near the focus. Such beams have a unique property: their maximum intensity
changes slowly during propagation and suddenly increases by orders of magnitude
near the focus [32]. This new kind of laser is of definite potential in medical field,
playing profound roles in precise surgery meeting the need of medical frontiers,
which may affect rhinology in unimaginable means.

8. Advantages of medical laser in rhinology

According to the authors’ clinical experience, medical laser has some obvious
advantages when applied in rhinology, mainly as listed below.
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8.1 Non-contact resection or ablation

Nasal mucosa composed the lining surface of nasal cavity and sinuses, where
extra touch applied by contacting devices such as microdebrider or coblation
always causes extensive irritation to nasal mucosa, affecting comparatively more
depth and/or area of the surgical region, inducing more scab formation followed by
prolonged recovery and scar formation. Laser applied in rhinology works in a non-
contact way to accomplish resection or ablation, reducing the extra risk attributed
by contacting.

8.2 Instant closure of the wound

Laser energy absorbed by tissue cells or hemoglobin instantly degenerates the
protein of the focused region, closing the wound and blood vessels in an efficient way,
to reduce hemorrhage and tissue injury. Blood vessels less than 1 mm in diameter can

be closed by laser.
8.3 Precise targeting

Laser beams applied in rhinology are usually less than 1 mm in diameter, restrict-
ing the target area of thermal effect. Comparing with microdebrider (about 4 mm
in diameter) and coblation (about 4-5 mm in diameter for resecting, about 1 mm
in diameter for submucosal coblation but invisible beneath the mucosa), laser has
advantage in precise targeting and manipulation.

9. Potential risks and hazards of medical laser in rhinology

The most dangerous risk of medical laser in otolaryngology is airway fire [33, 34],
which is a disastrous complication that should be carefully prevented, especially in
trans-oral laryngeal surgeries. Laser in rhinology, as introduced above, also has poten-
tial risks of airway fire complication in some particular scenarios, resulting from the
consistency of airway, which should be kept in mind.

Particulate matter exposures from medical lasers have been noticed, which was
furthermore reported being able to cause dose-dependent respiratory inflammatory
response in laboratory animals, and may contain viable bacteria and viruses, includ-
ing human papilloma virus. A two-zone model was applied by Ramon Lopez, etc.,
in 2015 to estimate medical laser-generated particulate matter (LGPM) exposures in
laser operations. Comparing to near-field from the simulated treatment room, far-
field was detected to find significantly lower concentrations of LGPM. Larger room
volume and higher air exchange rate were associated with lower LGPM concentra-
tions in the near-field [35].

Another potential hazard is unexpected laser radiation to eyes of either opera-
tors or patients, which may cause eye injuries. Laser eyewear protection against laser
radiation was suggested by Mike Regan on the 40th Annual Conference of the British
Medical Laser Association in 2023 [36]. Appropriate eyewear protection for both
operators and patients, which may be of different shapes or visibilities from each
other, can avoid laser radiation injuries to their eyes.
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10. Prospects

Laser surgery technology is playing increasing roles in rhinology, and it is of great
potential that medical laser will bring new expansion to the field of minimally invasive
nasal surgery. According to the different characteristics of different existing lasers,
the application of these medical lasers in rhinology needs to be further explored and
expanded in clinical practice (new application of existing technology), combining their
characteristics and surgical need of rhinology to emerge new junctions. On the other
hand, according to the needs of nasal surgery, new applicable laser hand-pieces will be
developed, such as different integrated instrument functions (navigation, positioning,
aspiration, etc.), to deliver laser beams in adequate forms and angles, or other specific
desired ways. Laser surgery technology has been widely used in minimally invasive oral
surgery, and it is of great potential that medical laser will bring new expansion, new
surgical methods, and new surgical concepts, to the field of rhinology.
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Chapter 9

Implants and the Maxillary
Sinus: Modern Oral Implantology
Changed Paradigms

Stefan Ihde and Fadia Awadalkreem

Abstract

The maxillary sinus is the largest paranasal sinus located within the maxilla’s body.
The health of the maxillary sinus is of significant importance for the body’s functions
and health. Sinus pneumatization is a physiological process in which the volume of
the sinus increases over time, exposing the roots of the teeth and leading to direct
engagement of the roots with the sinus. Similarly, implants may protrude inside
the maxillary sinus in cases with compromised ridge support, posing a challenge in
implant treatment with respect to sinus health and implant survival rate. This chapter
aims to elucidate the main aspect of the maxillary sinus’s health and to analyse the
various aspects of implant protrusion inside the maxillary sinuses.

Keywords: dental implant, implant protrusion, maxillary sinus, osseofixated implant,
sinus health

1. Introduction

The paranasal sinuses are paired air-filled spaces, lined with mucosa, situated in
the maxillofacial region and communicating with the nasal cavity [1]. The paranasal
sinuses form an integral part of the respiratory tract in addition to the nose, tracheo-
bronchial tree and lung.

Four pairs of paranasal sinuses have been elucidated, including the maxillary,
ethmoid, frontal and sphenoid sinuses. Among them, the maxillary sinus is the largest,
with a pyramidal shape with a variable size [2-11], not only between the different indi-
viduals [higher volume in male] [3, 11], but also between the two sides of the same indi-
vidual, and an average volume of around 15-30 cubic centimetres (cc) per side 4-10
[3, 11]. It was first described by Leonardo da Vinci in 1489, and later in 1651, an English
anatomist named Nathaniel Highmore documented it as the antrum of highmore.

2. Development of the maxillary sinus

The maxillary sinus is the first paranasal sinus to develop. At the 10th week of
foetal life, it appeared as a mucosal invagination associated with the deeper cranial
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tip ethmoidal infundibulum; later, at the 11th week, it formed an oval-shaped

space, indicating the primitive (early) maxillary sinus [3, 12]. A rapid maxillary
sinus growth occurred during the 4th to 5th and 6th to 7th months to be measured

at birth (10 mm x 3 mm x 4 mm). Additional episodes of slow and rapid growth
continue after birth until it reaches its full size after the eruption of all the permanent
teeth [13].

3. Anatomy of the maxillary sinus

The maxillary sinus is situated within the body of the maxillary bone with six wall
boundaries: the superior, inferior, anterior, posterior, medial and lateral walls. The
superior, anterior, lateral and medial walls are broad, while the posterior and inferior
walls are narrow [1, 14-16].

By forming the orbital floor, the superior wall separates the maxillary sinus from
the orbital content. The front wall has a noticeable infero-lateral focal convexity, a
canine eminence and a slightly anteriorly concave surface. The narrow and thin poste-
rior bony border correlates with the maxillary artery, maxillary vein and the maxil-
lary division of the trigeminal nerve. On the buccal side, the lateral wall descends
and meets the lower part of the alveolar ridge. It faces posterior-laterally towards
the infratemporal fossa. The lateral wall of the nasal cavity forms the medial wall of
the sinus, while the inferior wall of the sinus continues with the maxillary alveolar
process and contains the roots of the maxillary dentition (Figures1, 2) [1, 14-16].

A thin layer of compact bone typically separates the molar roots from the floor
of the antrum. However, the roots of the first and second molars may form conical
projections (recess) while projecting into the antral floor. In some cases, the first,
second, pre-molar and third molar roots, rarely canine roots, may protrude into the
sinus (Figure 3) [3, 17, 18].

The maxillary sinus had four recesses: the infraorbital recess superiorly, the
zygomatic recess laterally, the alveolar recess inferiorly and finally, the palatine recess.
The sinus opening is located superiorly, where the ostium communicates with the
nasal cavity [19].

The inside of the maxillary sinus is lined with a pseudostratified columnar cili-
ated epithelium with many goblet cells and the Schneiderian membrane that provide

Figure 1.
A. cone beam CT showing a normal maxillary sinus.
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Figure 2.
A cone beam CT, axial view, illustrating a normal maxillary sinus.

Figure 3.
A cone beam CT, sagittal view, showing the protrusion of the maxillary molar’s root inside the sinus.

the necessary blood supply and serve thereby as a periosteum [1, 20-22]. Since the
forces acting on the inside of the maxillary sinus are nil and almost no blood supply is
required for the underlying bone, its secretorial function into the lumen of the maxil-
lary sinus consumes most of the available blood.

4. Blood supply for the maxillary sinus

The maxillary artery, through the posterior superior alveolar artery, the infraor-
bital artery and the posterior lateral nasal artery, provides the core blood supply for
the maxillary sinus [22-24].
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5. Innervation of the maxillary sinus

The infraorbital, anterior, middle and posterior superior alveolar branches of the
maxillary nerve provide the sinus with nerve sensation [22-25].

6. Detox-function of the maxillary sinus

The nasal mucosa provides the respiratory tract’s primary defence mechanism
against inhaled pollutants, allergens and pathogens. The maxillary sinus is protected
against the intrusion of infective agents by the constant outflow of liquid. Each maxil-
lary sinus produces more than 1.51 liquid per day, and this liquid also rinses the nose.
The mucociliary clearance mechanism provides the necessary layer of mucous and
the direction of the clearance. The mucous will then glue all particles and pathogens
inhaled by the nose to the mucus for natural excretion [26, 27].

Consequently, there is a direct correlation between the health of the paranasal
sinuses and the nose and the efficacy of mucociliary clearance. Any condition
that disturbs the normal mucociliary clearance function can result in rhinosinus-
itis [26, 27].

Just as the mucosa of the pharynx, the Schneiderian Membrane allows the ejec-
tion of exosomes that are transported through the lymphatic system, as a result,
this mucosa in the pharynx and the maxillary sinus performs a very important
function for body detoxification. The content of the exosomes will be forwarded
by ciliae out of the maxillary sinus and into the nose [26, 27]. From there, this
outflow of the maxillary sinus, including the toxins, is swallowed (or cleaned)
and then excreted [26, 27]. If a massive toxic attack on the human body occurs, a
large number of exosomes will require their own elimination, which may lead to
symptoms of the flu." The British medical researcher Herbert Sheldon clarified
already in 1944 as follows: “There was never any medicine against the flu, the flu
is the medicine”. This sentence clarifies that therapy against detoxification must be
done and that all medical efforts to reduce this natural process of detoxification are
resulting in even more problems.

7. Sinus “pneumatization” and “contraction”

The bones surrounding the maxillary sinus have a large potential to undergo
morphological changes. This is due to the fact that they undergo frequent waves of
remodelling in response to tooth extractions and changes in the masticatory pattern.
Both the inner and outer cortical of the maxillary sinus are not stable and are prone to
atrophy due to ageing mechanisms as well as disuse atrophy.

Sinus “pneumatization” is a physiological process in which the volume of the
paranasal sinuses increases over time through the progressive expansion of the sinus
volume, a process that begins after birth and continues until the 2nd-3rd decades
of life [28-31]. Pneumatization proceeds in an inferomedial direction into the hard

! This specific function of the soft tissues of the pharynx and maxillary sinus was (mis-)used during the
recent “pandemic” to quantify toxins in the individual through a “PCR™est and to (wrongly) label them as

effects of viruses.
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palate, laterally into the zygomatic bone and posteriorly into the ethmoids [32]. The
most pneumatized area, according to the literature, is the anteromedial wall of the
maxillary sinus [33, 34].

Disuse atrophy as well as “Sinus pneumatization” can be extensive, exposing
the roots of the respected teeth and leading to direct engagement of the roots of
the posterior teeth within the sinus. Moreover, this disuse atrophy can affect both
bone quality and quantity [35]. Furthermore, the loss of posterior maxillary teeth
aggravates the situation [31, 36-42]. According to Elsayed et al. [28], sinus pneuma-
tization significantly reduces the average bone height and density in the edentulous
locations. A consequence that may lead to complications during extraction and pres-
ent a challenge during implant placement [42, 43]. Additionally, cortically anchored
implants may lose contact with the 2nd cortical as a result of sinus expansion or
contraction.

Although tooth loss in the posterior maxilla leads to a collapse of the corticals
that surround the roots, in our experience, immediate functional loading proto-
cols using method of osseofication can overcome this collapse by generating new
functions in these cortical themselves. Hence, emphasising the use of immedi-

ate functional loading over the sinus lifting and bone augmenting procedure
(Figures 4a and b and 5a and b).

(a) (b)
Figure 4.

a: baseline situation. b: due to bone loss and sinus “pneumatization” of the maxillary sinus, the load transmitting
threads of the implants have lost contact with the 2nd cortical. The implant does not contribute to load
transmission and move and a corrective intervention may be indicated.

(a) (b)
Figure 5.

a: baseline situation. b: Due to bone growth inside the maxillary sinus, the load-transmitting threads of the
implants have lost contact with the 2nd cortical. The implant does not contribute to load transmission and more
and a corrective intervention may be indicated.
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Figure 6.

A gone beam cross-section of the maxillary sinus with the anterior cortical wall of the maxillary sinus on the
left side of the picture shows thickening due to the persistence of chronic granulation in that avea (inside the
maxillary sinus) that created changes in the cortical border of the maxillary sinus, including increased bone
mass and mineralisation. While the opposite maxillary sinus (right side of the picture) shows signs of an acute
infection.

8. Thickening of the bone structures around the sinus cavity

The literature demonstrates that mesenchymal stem cells derived from the sinus
membrane possess the capacity to create bone and thicken the Schneiderian mem-
brane using various techniques such as cadaver inspections, CT scans and CBCT
imaging [43-46].

The normal thickness of the Schneiderian membrane is 1 mm [46, 47]-2 mm [44,
46], with many reported factors associated with a symptomatic increase in membrane
thickness. Monje et al. [48] and Munakata et al. [49] categorised these factors into
patient-related factors (age and smoking habits), teeth-related factors (like periodon-
titis, bone loss and lesions near the gums) and maxillary sinus variations (including
sinus septa and nasal septum deviation).

Recently, Alghofaily et al. [50] highlighted the association between the increased
thickness of the sinus membrane with male’s gender, the periapical lesions, inad-
equate endodontic treatment and sinusitis.

Cone beam CT can be successfully used to distinguish between chronic and acute
infections of the maxillary sinus, as chronic infections lead to a thicker and more
mineralised cortical (Figure 6).

9. Diseases in the maxillary sinus

A wide spectrum of diseases can involve the maxillary sinus, originating either
from or within the lining of the sinus; the other paranasal sinuses; the nasal space;
dental and oral tissues; the adjacent bone; and hence extending to the sinus [51].
These diseases can be either inflammatory (the result of a bacterial infection, an
allergy, or a result of detox function), neoplastic (benign or malignant, or metasta-
ses), odontogenic (infections, cysts, foreign body), mucocele and granulomatous
vasculitis (Figure 7).
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Figure7.
Diseases of the maxillary sinus.

10. The odontogenic maxillary sinusitis (OMS)

Acute or chronic maxillary sinusitis is defined as symptomatic inflammation of
the maxillary sinus due to bacterial, allergic or fungal rhinitis [52, 53]. Nowadays, we
have to add symptoms of overly strong detox function of the maxillary sinus.

Odontogenic maxillary sinusitis (OMS) is a type of sinusitis caused by infections
that originate from dental or dentoalveolar structures, affecting the floor of the
maxillary sinus and the sinus membrane. It is slightly more common in females, with
the commonest age group being 40-60 years [44, 54].

11. Historical background of the odontogenic maxillary sinusitis (OMS)
and incidence

The concept of the odontogenic maxillary sinus (OMS) was first proposed by
William H. Bauer in 1943 [54].

Brook [55] and Mehra and Jeong [56] documented that odontogenic infec-
tions account for approximately 10-12% of maxillary sinusitis cases, with the high
prevalence of dental caries serving as a causative factor [53]. Later, Maillet et al. [43]
reported an increase in incidence to 51.8% while Wuokko-Landén et al. [57] men-
tioned 15% and Patel and Ferguson [58] reported 40%.

The main causes of sinusitis can be either odontogenic infection and/or dentoal-
veolar surgery, which is associated with perforation of the Schneiderian membrane
and oroantral fistula formation [52, 59-62]. Some authors reported some iatrogenic
causes, such as impacted teeth after dental care, implants, dental amalgams and the
oro-antral fistula [54, 62-66].

Lechien et al. [61] investigated the different causes of odontogenic sinusitis among
674 patients from January 1980 to January 2013. They reported 65.7% for iatrogenic
aetiology and 25.1% for apical periodontal pathologies, which were distributed as
follows: apical periodontitis—16%, apical granulomas—5%, odontogenic cysts—2.5
and 8.3% for marginal periodontitis. Molteni et al. [63] identified oroantral com-
munication as the causative factor in 45.8% of patients. Troeltzsch et al. [60] reported
that extractions with subsequent OAF or healing disturbances were the main cause of
sinusitis (64%). Almost a similar percentage (57%) was reported by Zirk et al. [64],
while Puglisi et al. [65] consider oroantral communication as a consequence of tooth
extraction, sinus lift, third molar removal, improper implant placement, cyst excision
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and dislodged tooth fragments. Moreover, Troeltzsch et al. [60] reported 5.2% and
2.3% for dental implants and periimplantitis, while Lechien et al. [61] documented a
lower rate (0.3%).

Furthermore, Craig et al. [67] reported a higher percentage of endodontic sources
than an iatrogenic one. More recently, Yassin-Kassab et al. [68] documented the same
observation (51.7% compared to 48.3%).

The percentage of older people has increased significantly in recent years as the
world population grows. In 2019, 703 million people aged 65 years or older were
documented, a number that may reach up to 1.5 billion [69, 70] by 2050. The grow-
ing percentage of elderly people and patients suffering from tooth loss is increasing
the demand for dental rehabilitation [69, 70]. Today, dental implants [69-71] have
become the gold standard treatment for dental rehabilitation in edentulous patients
with an increasing percentage of use and a high reported success rate. Frequent and
recurring problems with “sinus lifts” [69] have instilled justified fears in the field of
conventional implantology, and this method, in our opinion, is becoming more and
more left.

Several studies have proved that well-installed and healed implants are never the
cause of maxillary sinusitis per se [72-84], independent of their penetration depth
into the maxillary [72-75].

12. Implants and the maxillary sinuses

Cases with compromised ridge support present a challenge for implant rehabili-
tation due to the compromised bone quality and quantity, which adversely affect
implant primary stability and diminish implant survival rate. Moreover, sinus pneu-
matizion may complicate the situation [75-77].

The literature describes numerous treatment alternatives, including sinus left
and bone grafting procedures [75-77, 84-86], the use of short implants [69-71, 82,
84], the all-on-4, and even all-on-3 techniques [85, 87, 88], implants in remote bony
areas such as zygomatic and tubero-pterygoid regions [72-74, 85, 89, 90] and basal
implants [72-74, 91-93].

Several authors recommended using a bi-cortical or tri-cortical design to
improve implant stability [73, 74, 88-96]. In this scenario, sinus membrane
perforation and subsequent implant protrusion within the maxillary sinus could
occur. Al-Salman and Almas [96] documented that perforation of the Schneiderian
membrane (range 7-35%), while Stacchi et al. [97] reported that sinus membrane
perforation and haemorrhage are the most common intraoperative complications
associated with sinus floor elevation, with overall occurrences of 15.7 and 0.4%,
respectively.

12.1 Implant protrusion inside the maxillary sinus and the maxillary sinus’s
health

In 2007, Jung et al. [75] studied the consequences of implant penetration in the
maxillary sinus in mongrel dogs for 6 months and reported that none of the investi-
gated sinus cavities displayed any features of inflammation.

Moreover, Tabrizi et al. [77] in 2012 retrospectively investigated the effects of the
implant’s tip penetration inside the maxillary sinuses. They documented no problem
associated with implants protruding inside the sinuses; all the investigated implants
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remained successfully integrated, with no radiographic evidence of bone loss or other
complications. They highlighted that in cases where no membrane penetrated, bone
formation was noticed in the maxillary sinus floor.

Zhong et al. [78] investigated the effect of different depth implant penetrations
(group A: 0 mm; group B: 1 mm; group C: 2 mm; group D: 3 mm) on maxillary
sinus health in a dog mode. None of the maxillary sinuses showed any signs of sinus
inflammation. At penetrating depths of 1-2 mm, newly formed membrane and
partially formed bone completely covered the implants, while at depths of 3 mm or
more, neither membrane nor bone were present. All the implants showed an obvious
increase in bone-to-implant contact (BIC). The same observation was reported by
Abi Najm et al. [79], Ghnaem and Gad [80], Elhamruni et al. [81], Shihab [82] and
Ragucci et al. [72]. While Awadalkreem et al. [73] and Ahmad et al. [74] stated that
implant penetration per se has no adverse effect either on maxillary sinus health or on
the survival rate, moreover, Lazarov [76] reported only one maxillary sinus adverse
reaction that does not necessitate the use of antibiotic among 131 maxillary sinuses
penetrated with 217 implants, with none of the implants failing.

Sala et al. [35] conducted a recent systematic review and meta-analysis, which
concluded that the prevalence of postoperative infection, including sinusitis, is low
and has a reported correlation with the dimensions of the perforation and the ana-
tomical predisposition.

On the other hand, some investigators reported the occurrence of sinusitis,
including Nooh [84] (in one patient out of 63 patients), and Lazarov [76] (in one
sinus out of 131, after Corticobasal® implants were used) Lazarov identified however
retrospectively surgical error (too short implant chosen) and subsequent prosthetic
mistake (to deep cementation zone inside the palatal mucosa in combination with
effects of the open bone wound) as the origins of the problem.

12.1.1 The “bony seal”

Thde postulated, based on observation of polished osseofixated implants, that it
is not the implant’s body inside the maxillary sinus that causes the infection, but the
fact that the implant’s endosseous surface is partially not in direct contact with the
bone, which leads to a loss of the seal between the bacterial-loaded oral cavity and
the potentially sterile maxillary sinus (Figure 8a—f).

12.2 Bone augmentation and sinusitis

Sinus grafting is a common procedure used to increase the vertical and horizontal
amount of bone in the maxillary sinus, with a high reported implant success rate
(after successful grafting). Several complications have been documented: membrane
perforation, infections, bleeding, implant migration and dissemination or loss of the
graft material [98-111].

Barone et al. [102] found that membrane perforation (60%), infection (21%),
bleeding (9%) and implant migration were the most common problems that could
happen in connection with a maxillary sinus graft.

Lu et al. [45] recently reported that the most common problems with sinus grafts
were perforation of the Schneiderian membrane, bleeding, infection, persistent
sinusitis and loss of the graft material.

Iusan et al. [69] documented membrane perforation and the formation of an oro-
antral fistula; the occurrence of acute and chronic rhinosinusitis; facial congestion;
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Figure 8.

a: Shows that the infection and detachment of a 2-stage endosseous surface from the bone happens from the
nose down, and from the oral cavity up. b and c: A zygomatic implant penetrates the maxillary sinus, leading
to subsequent maxillary sinusitis. The origin of the problem, in our opinion, was the missing seal between the
oral cavity and the maxillary sinus. The management approach to the situation was as follows: the implant
was left within the sinus; however, it was detached from the cementing abutment and the bridge by removing
the abutment. After 6 weeks, no signs of infection were visible on the control scan, while the bridge was still in
full function. d: shows the detachment of the peri-implant bone from the oblique ossefixated implant in area
26; the osteolytic zone has reached the maxillary sinus, causing maxillary sinusitis. The bony seal was replaced
by connective tissue. This tissue has no sealing function. e and f: when the bone seal is ensured, the protrusion of
osseofixated implants may even lead to a considerable increase in the size of the basal membrane of the maxillary

162



Implants and the Maxillary Sinus: Modern Oral Implantology Changed Paradigms
DOI: http://dx.doi.org/10.5772/intechopen.1006620

sinus (image after 19 months of follow-up). 8F. Note the increase in mineralised bone in area 25, while peri-
implantitis progresses in aveas 26 and 27. g. Pevi-implantitis had resorbed all of the alveolar bone. Nevertheless,
the basal and cortical bones of the floor of the maxillary sinus keep the implant stable. This portion of the cortical
(around the implant’s apex) even shows an increase in bone volume due to increased (cantilever) forces. h: After
the extraction of an upper 1st molar, three root extraction sockets were available, allowing the placement of three
osseofixated implants. i: Osseofixated implants (BCS® implant designs) of adequate diameters and length were
placed into each of the three extraction sockets. j: After the temporary crown had been in place for 9 months, tooth
16 was replaced by a full zivconium crown. The high polish surface of both the implant’s shafts and the zirconium
crown ensures excellent periodontal health. Using a thin interdental brush, the patients can clean and maintain
their oval hygiene.

the incidence of nasal obstruction, the possibility of implant displacement into the
maxillary sinus; and sinus graft failure as the main complications associated with
sinus grafting procedures. Moreover, they reported a positive correlation between
peri-implant infection and sinus pathology.

In the same line, literature [83, 104-112] highlighted that membrane perforation,
dislodgement of the graft material into the sinus, disrupting the normal sinus physiol-
ogy, overfilling of the maxillary sinus with graft material, as well as graft infection,
can be the main predisposing factors for sinusitis. This reported sinusitis may require
antibiotic treatment or an evenly distributed surgical draining procedure [82].

In augmented sinuses, the cause of the infection cannot be diagnosed, because
even if the implant is the cause, the augmented area will be affected by the infection
Figure 8g.

In the sinus site where bone augmentation “sinus-lift” has been performed, the
basal cortical of the maxillary sinus is, however, missing due to resorption. Therefore,
the infection from peri-implantitis could potentially spread to the maxillary sinus,
leading to the development of pan-sinusitis. An explanation that is in line with Iusan
etal. [69].

A reported relation between implant surface tomography and an increased risk
of peri-implantitis, including orthograde and retrograde peri-implantitis has been
emphasised by many investigators [112, 113]. Hence, this infection affects both the
first and the second cortical bones, resulting in implant mobility and consequence
implant loss. A complication that presents a challenge for using this implant in
severely resorbed posterior maxillary bone, especially with the increased demands of
the patient for immediate loading.

Hence, there is an increase in demand for a treatment modality with a high success
rate and fewer complications. Today the use of use of osseofixated implants in com-
promised ridge support areas, including the posterior maxilla, has been emphasised
with high success and survival rates, numerous biological and mechanical advan-
tages, limited complications and significant improvements in patient satisfaction and
quality of life owing to their smooth surface, thin penetrating tip, small diameter,
devoid of bone grafting, and most importantly, no risk of peri-implantitis [73, 76,
91-93]. From our experience, and as shown in Figure 8(e and f), the cortical floor of
the maxillary sinus tends to increase in thickness after being mechanically loaded by
cortically anchored implants (osseofixated implants). This increase in both volume
and mineralization is not astonishing: as the bone is loaded through the roots of the
premolars and molars. However, following tooth extraction, the caudal cortical of
the maxillary sinus receives close to zero functional stimuli and hence atrophies. As
we do not know if the additional bone is going to be generated inside the maxillary
sinus or inside the maxillary bone, the rationale of osseofixated implants is to place
approximately half of the implant thread into the maxillary sinus and half of it into
the maxillary bone.
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Similarly, when osseofixated implants are placed into fresh extraction sockets
of upper molars and premolars, the lamina cribrosa of these teeth remains under
constant functional stimulus and it does not atrophy away (Figure 8h-j).

12.3 Implant protrusion inside the maxillary sinus and the peri-implant bone
contact

Khairnar and Gaur [114] reported an increase in bone apposition and excellent
implant stability in bi-cortical implants anchored in rabbits. Moreover, Kim et al.
[115] reported a significant increase in peri-implant bone level when the initial bone
height was less than 5 mm, but no increase in peri-implant level when it was 5 mm or
more. Furthermore, after 12 months of follow-up, Tabrizi et al. [77] found no radio-
graphic signs of bone loss in any of the penetrated implants.

In the same line, Awadalkreem et al. [73] reported the absence of any osteolytic
reaction around the penetrated implants with increased bone-implant contact after
18 months of follow-up. The growth of bone was assumed to be a result of increased
local function.

12.4 Implant protrusion inside the maxillary sinus and implant survival rate

Implant penetration inside the maxillary sinus has no significant effect on the
implant survival rates. This observation has been emphasised by Awadalkreem et al.
[73] who reported a 100% survival rate after 18 months of follow-up, and Kim et al.
[116] who documented a high survival rate. Ragucci et al. [72] documented a 95.6%
survival rate after a 52.7-month follow-up of implants. Furthermore, Ghnaem et al.
[80] reported a survival rate of 100% after 6 years of follow-up, while Nooh [83]
mentioned a survival rate of 98.4%.

12.5 Implant protrusion inside the maxillary sinus and the incidence of epistaxis

Despite the fact that implant penetration inside the nasal and maxillary sinuses
does not adversely affect the health of the nasal and maxillary sinuses, some investi-
gators [72, 83], reported the incidence as an immediate postoperative complication.
Nooh [83] reported mild epistaxis as an immediate postoperative occurrence in 7 of
the 63 patients in their study. Kim et al. [115] noted similar observations, reported by
3 of the 39 patients immediately postoperatively. Furthermore, according to Ragucci
etal. [72], epistaxis is the most common complication associated with implant penta-
tion inside the maxillary sinus. Tabrizi et al. [77] reported the incidence of transit
epistasis in one patient.

12.6 Implant protrusion inside the maxillary sinus and the thickening in the
Schneiderian membrane

As described previously, several factors can be interlinked with the thickening
of the Schneiderian membrane [48, 49, 52, 72, 75]. Researchers found a significant
relationship between the thickness of the membrane and the patient’s gender,
hypertension and smoking habits [48, 49, 52, 72, 75]. In the same line, Tabrizi et al.
[77] reported a nonsignificant thickening of the sinus membrane radiologically in
two patients with no clinical signs of sinusitis. Both patients who showed membrane
thickness in the present study were men and smokers.
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Ragucci et al. [72] found that the radiological complications associated with
implant penetration inside the maxillary sinus were 14.8%, with no significant differ-
ence between the different implant penetration levels.

12.7 Implant protrusion inside the maxillary sinuses and its effect on patient
satisfaction and quality of life

Now a day, implant-supported prostheses represent one of the most common
treatment alternatives to treat edentulism, with significant improvements in patient’s
aesthetic and oral functions, including mastication and phonation, patient satisfac-
tion and quality of life [116-118].

Implant protrusion inside the maxillary sinuses does not affect patient satisfaction
and quality of life, as reported by Awadalkreem et al. [73] and Ahmad et al. [74]. All
the investigated patients showed a substantial improvement following implant treat-
ment, despite the fact that implants protruded inside the sinuses.

A recent consensus from 2022 [119], which included 31 experts (23 in implantol-
ogy, 6 otolaryngologists and 2 radiologists), looked into what happens when implants
stick out into the maxillary sinuses and nasal fossae. They featured significant
statements emphasising that: implants protruding into the sinus do not always
imply implant protrusion through the sinus mucosa is not necessarily related to
sinus pathology; implants should be monitored clinically during the maintenance
programme; but the implants should not be removed; and ENT consultation is not
mandatory. Even when implants are associated with symptoms (foul smell, loss of
smell, posterior nasal drainage, anterior nasal drainage, nasal obstruction and facial
pressure) and radiographic signs of sinus or sinonasal pathology, the patient should
be referred to an ENT specialist or surgical provider for evaluation; implants should
not be removed, and pharmacological treatment should be attempted first.

13. Conclusion

Implant therapy is a successful treatment option for patients with complete and
partial edentulous conditions. Implants can protrude inside the maxillary sinus without
clinical or radiographic evidence of sinusitis, having a negative effect on implant survival

as well as a positive effect on patient satisfaction. During the patient’s follow-up sched-
ule, we can regularly monitor protruded implants, both clinically and radiographically.
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