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The understanding of rhinosinusitis has increased dramatically over the past
2 decades, and sinus disease increasingly is recognized as having a major impact
on health-related quality of life [1—-3]. Patients frequently are frustrated by their
symptoms and seek care from traditional and naturopathic physicians. Patients
with recurrent or chronic sinusitis frequently want a cure. When medical therapy
has been ineffective, they often turn to surgeons for help. It is important to educate
patients that surgery, although effective in some patients, does not always cure the
disease. Surgery may help lessen disease frequency or severity. Surgery provides
one component of an overall comprehensive plan for management of sinus
disease, which frequently requires ongoing medical therapy after surgery. The
goal of this article is to provide practicing allergists and immunologists with an
overview of some of the surgical thinking and techniques related to sinus disease.

Anatomy of the paranasal sinuses

The anatomy of the paranasal sinuses is complex and varies among humans.
The key to understanding sinus disease is the ostiomeatal complex (OMC), which
is bounded by the middle turbinate medially, the lamina papyracea laterally, the
roof of the ethmoid sinus superiorly, and the opening into the middle meatus and
infundibulum inferiorly. This area essentially constitutes the anterior ethmoid
sinus and is where the frontal, maxillary, and anterior ethmoid sinuses drain. The
attachment of the middle turbinate (basal lamella, also called the grand or ground
lamella) separates the anterior from posterior ethmoid cells. [4]. The posterior

* Corresponding author. Department of Otolaryngology, Mount Sinai Hospital, 600 University
Avenue, #401, Toronto, ON, Canada M5G 1X85.
E-mail address: iwitterick@mtsinai.on.ca (I.J. Witterick).

0889-8561/04/$ — see front matter © 2004 Elsevier Inc. All rights reserved.
doi:10.1016/S0889-8561(03)00111-5



120 1LJ. Witterick, J. Kolenda / Immunol Allergy Clin N Am 24 (2004) 119-134

ethmoid air cells and sphenoid air cells drain into the sphenoethmoidal recess [5].
The agger nasi air cell can be appreciated just anterior and superior to the middle
turbinate insertion into the lateral nasal wall [6,7]. This cell is usually a
pneumatized air cell. The importance of the agger nasi cell is that its posterior
boundary is the anterior portion of the frontal recess [8]. Enlargement of the agger
nasi cell or disease within it is one of the principle reasons for poor drainage from
the frontal sinus in the absence of previous surgery.

The surgical anatomy into the sinuses by way of the endoscopic route can be
thought of as a series of doors or lamellae. The first lamellae is the uncinate
process, which is a thin sickle-shaped bone arising from the lateral nasal wall that
is seen anteriorly as one enters the middle meatus. The second lamella is the
ethmoidal bulla, the largest ethmoid air cell. The third lamella is the basal lamella
of the middle turbinate; and the fourth is the lamella of the superior turbinate.
Surgeons operating in the nose can choose to go through one or more of these
lamellae to access various sinuses depending on the extent of disease and the
philosophy of the treating surgeon in managing sinus disease.

The hiatus semilunaris is a crescent-shaped cleft or passageway between the
posterior margin of the uncinate process and the anterior wall of the ethmoid bulla.
It is through this two-dimensional cleft that the middle meatus communicates with
the ethmoid infundibulum. This infundibulum is a funnel-shaped structure or
passage through which the secretions from the anterior ethmoid cells, the
maxillary sinus, and, in many cases, the frontal sinus are transported into the
middle meatus. In surgery, an extensively pneumatized agger nasi cell can be
mistaken for the opening into the frontal sinus; if the agger nasi cell is ma-
nipulated, there is the possibility for scar formation and iatrogenic stenosis or
obstruction of the nasofrontal recess [6].

The maxillary sinus (antrum of Highmore) is usually a single chamber, with
the orbital roof situated superiorly, the hard palate and alveolus inferiorly, the
zygomatic process laterally, and the infratemporal and pterygopalatine fossae
posteriorly. The uncinate process, membranous fontanelles, and inferior turbinate
form the medial boundary. The natural maxillary sinus ostium usually is located
in the most posteroinferior one third of the infundibulum. A common anatomic
variation in this region is an infraorbital ethmoidal cell (Haller cell), which can
enlarge and encroach on the drainage from the maxillary sinus into the infun-
dibulum [9]. Another anatomic variation is hypoplasia of the maxillary sinus,
which can fool clinicians who are doing transillumination into thinking that the
sinus is opacified. A hypoplastic maxillary sinus may look like an opacified sinus
on plain sinus radiographs, whereas a CT scan usually defines the area of hypo-
plasia or atelectasis well [10,11].

For surgeons operating in the posterior ethmoid sinuses or sphenoid sinuses, it
is important to have an appreciation of the close proximity of the orbit and optic
nerve and the anterior skull base, carotid arteries, and adjacent cavernous sinus
with its cranial nerves. If the sphenoid sinus is pneumatized well, the optic nerve
and carotid artery can indent the sinus. In 20% to 25% of patients, there is a thin
or nonexistent bony covering.



1.J. Witterick, J. Kolenda / Immunol Allergy Clin N Am 24 (2004) 119-134 121

Anatomic variations

Anatomic variations frequently are found on sinus CT scans. These anatomic
variations may impair mucociliary clearance and sinus ventilation, potentially
predisposing patients to sinusitis [12,13]. Several common anatomic variations
that have been implicated in OMC obstruction include aerated middle turbinates
(concha bullosa) [14,15], Haller cells, paradoxically bent middle turbinates, un-
cinate process abnormalities [16], enlarged ethmoidal bullae, and, in some
circumstances, septal spurs impinging into the middle meatus. Before implicating
these anatomic variations as an etiologic factor in sinusitis, one must remember
that these anatomic variations are present in many people without sinus disease
[17-19].

Etiologic factors in sinus disease

Three factors are crucial in the normal physiologic functioning of the sinuses: a
patent OMC, normal mucociliary transport, and normal quantity and quality of
secretions. Disruption of at least one these factors can predispose to inflammation
and infection of the sinuses. Endoscopic sinus surgery (ESS) attempts to address
the patency issue. The guiding principle behind ESS is to open the OMC to
facilitate drainage and ventilation of the sinuses. In diseased sinuses, the hope is
that normal mucociliary transport and secretions will ensue, improving or
normalizing the sinus environment.

Many forms of traditional of sinus surgery also attempt to create ventilation and
drainage; however, some of the drainage openings that are created are in locations
different than where mucociliary flow is directed. Following the work of Mes-
sinklinger [20], surgeons became aware of the importance of opening the natural
ostia. If an opening is created in a location other than the natural ostia, the cilia will
continue to beat the mucus blanket toward the natural ostia. If the natural ostia are
blocked, the sinus will not necessarily drain. Many traditional sinus operations
take the notion that sinus mucosa has become damaged irreversibly from the
effects of chronic inflammation and infection. It was common practice to strip out
the mucosa from the sinuses in addition to attempting to create a ventilation and
drainage pathway. Moriyama showed that bone denuded of mucosa heals much
slower, with an associated reduction in ciliary density [21]. Traditional techniques
may achieve wider cavities but not necessary resolution of the cycle of reinfection
based on the above findings.

Nasal endoscopy

With the development of the Hopkins rod lens system in the early 1950s,
endoscopy of the upper airways greatly expanded secondary to superior visual-
ization. This technique was adopted in nasal and sinus examination, and modern-
day techniques employ flexible fiberoptic or rigid fiberoptic telescopes [22,23].
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Diagnostic nasal endoscopy allows for the characterization of the nasal anatomy
with identification of pathologic states that are not identified easily by traditional
anterior rhinoscopy. A comprehensive nasal examination proceeds in an orderly
fashion using a rigid nasal telescope (2.7 mm or 4 mm; 0° or 30°) or flexible
fiberoptic telescopes. A topical vasoconstrictor or topical anesthetic can facilitate
the examination. Careful attention is paid to the state of the nasal and middle
meatal mucosa, presence or absence of nasal polyps, purulent secretions, or any
evidence of a neoplastic process. After sinus surgery, nasal endoscopy is important
for monitoring the nose and sinuses.

Imaging in sinus disease

Plain sinus examinations were once the most commonly ordered studies to
evaluate the sinonasal cavities; however, CT scanning is preferred by surgeons,
given this technique’s greater anatomic detail and precision. In general, coronal
CT scans are preferred, as they simulate the endoscopic approach surgeons use in
approaching the middle meatus and OMC. Care is taken to examine the CT scans
preoperatively and intraoperatively for anatomic abnormalities, evidence of a
neoplasm, and mucosal inflammatory disease [17]. Great care is taken to examine
for anatomy that may predispose to a complication such as the ethmoid roof
hanging low, which could be penetrated, resulting in a cerebral spinal fluid leak
[24]; dehiscence of the lamina papyracea separating the ethmoid sinus from the
eye; and dehiscence of the optic nerve or carotid artery in the sphenoid sinus,
which may predispose to life-threatening hemorrhage or loss of vision. MR
imaging is used for neoplastic processes because of the technique’s superiority in
identifying intracranial or orbital extension and its ability to differentiate inflam-
mation and retained mucus from tumor. It is recommended that the surgeon review
the imaging before surgery and have the imaging available during surgery for
review and clarification of any anatomic issues. When the frontal sinus or sphe-
noid sinus are going to be operated on, the addition of axial CT imaging is use-
ful. In the frontal sinus, it is helpful to know the distance between the anterior and
posterior tables to get an idea of the potential opening that could be created into the
frontal sinus. In the sphenoid sinus, axial imaging is helpful to look at the degree
of bony covering over the carotid artery and optic nerves. It is important to note if
there are any bony partitions in the sphenoid sinus that may be curving to attach to
a carotid artery. In this setting, manipulation of the sphenoid intersinus septum
potentially could lacerate the artery.

Functional endoscopic sinus surgery

Functional ESS was popularized in Europe by Messinklinger and Stamberger
[25,26] and was introduced to North America in 1985 by Kennedy [27,28]. Many
other terms are given to this surgery, including minimal ESS, conservative ESS,
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and microscopic endoscopic surgery. The OMC has come to be seen by many
investigators as the underlying cause of sinusitis and not merely as one point in
disease pathogenesis. This finding has led to an emphasis on the importance of
surgically correcting abnormalities in the OMC. In many patients, however, OMC
abnormalities are one facet of the problem and not necessarily the underlying
cause of the disease. Surgery has an important role in the treatment of sinusitis,
but it should be considered as an additional possibility to medical therapy in the
management of nasal and sinus inflammatory disease. With the exception of acute
(eg, orbital or central nervous system) complications, surgery should be consid-
ered only after appropriate medical therapy, including environmental control, have
been exhausted or have not adequately controlled the patient’s symptoms. Surgery
should not necessarily be thought of as a cure but as a means to help improve
symptom control. Many patients require ongoing medical therapy after surgery,
but the goal is to reduce disease severity and the need for frequent medications.

Drainage of the involved sinus may be sufficient in some patients to facilitate
disease resolution. In other patients, there may be underlying abnormalities of
the bone. This fact has led to the recommendation of more complete removal of
the underlying bony partitions in the area where the mucosa is involved with
disease. All attempts are made to preserve normal mucosa.

The maxillary sinus

Several theoretic considerations need to be considered when opening into the
maxillary sinus. In a rabbit model, exposure of the maxillary sinus to airflow
caused slowing or cessation of mucosal clearance. This finding has led some
investigators to theorize that the maxillary sinus mucosa ideally should remain

Box 1. Potential indications for endoscopic sinus surgery

Recurrent acute sinusitis

Chronic sinusitis

Nasal polyposis

Fungal sinusitis

Mucocele

Orbital decompression

Drainage of subperiosteal abscess
Dacryocystorhinostomy

Repair of CSF leaks or encephaloceles
Pituitary surgery

Resection of sinonasal neoplasms
Biopsy of sinonasal neoplasms
Control of epistaxis
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protected from airflow [29]. Nitrous oxide is produced in sinus mucosa, may reach
bacteriostatic concentrations, and may have a theoretic advantage in fighting
infection [30]. If the sinus opening is too large, concentrations of nitrous oxide
may not be sufficient to be bacteriostatic. A large portion of the medial wall of
the maxillary sinus is taken up by the uncinate process, which, when diseased and
not completely resected, could predispose to persistent disease. When disease is
minimal, a small or minimal opening of the natural ostia is preferable, but in
chronic long-standing disease, a larger opening may be required to completely
facilitate removal of diseased mucosa and bone [31]. Many patients have acces-
sory anterior or posterior ostia, which are usually perforations in the membranous
fontanelle that covers the bony opening into the medial portion of the maxillary
sinus. It is a frequent observation that mucus recirculates between the natural and
accessory ostia; if the two areas are not connected at the time of surgery, there
could be postoperative recirculation of mucus, which can cause localized symp-
toms in that area [32].

The frontal sinus

The frontal sinus is one of the most challenging areas for surgeons in terms of
the actual procedure and the potential for disease recurrence. In general, if patients
are not having significant symptoms in the frontal sinus, surgery in the frontal
recess is not recommended. If surgery is required, it has to be done carefully so as
not to strip out mucosa circumferentially, which may predispose to osteitis and
narrowing or stenosis of the frontal recess. This result can lead to postoperative
iatrogenic frontal sinusitis, which can be difficult to manage and usually requires
further attempts at surgical opening. The theory behind endoscopic surgery is
that minimal opening of the ethmoid sinus should allow better drainage of the
frontal sinus into the frontal recess and ethmoid sinus. The decision to operate
in this region requires thorough knowledge of the anatomy and the availability
of proper instrumentation. A frequent source of frontal sinus disease is me-
dial displacement of the uncinate process from infundibular disease. In these
cases, simple but careful removal of the superior portions of the uncinate pro-
cess may be all that is needed to improve ventilation and drainage of the frontal
sinuses. Other patients may require more meticulous removal of diseased agger
nasi cells.

The sphenoid sinus

Endoscopic approaches to the sphenoid sinus include direct approaches
between the nasal septum and the middle turbinate with resection of the inferior
portion of the superior turbinate to gain access to the natural sphenoid ostia. The
other endoscopic approach is transethmoidal through the anterior and posterior
ethmoid sinuses. If there is only disease in the sphenoid sinus, a direct approach
is recommended; if there is disease in the ethmoid sinuses, the transethmoidal
approach is recommended. A thorough understanding of the relevant anatomy is
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important to avoid inadvertant cerebrospinal fluid (CSF) leak, carotid artery
injury, and optic nerve injury [33,34]. Surgery involving the sphenoid sinus
would not be considered routine in the surgical management of most sinus dis-
ease cases.

Indications for endoscopic sinus surgery

Indications for ESS are outlined in Box 1. The most common indications are
recurrent acute sinusitis (more than four episodes of typical acute sinusitis per
year), chronic sinusitis, and nasal polyposis [35]. Endoscopic surgery is effective
at marsupializing and decompressing mucoceles, whereas in the past, many
patients required extensive external procedures to achieve the same goal. There
are evolving indications for the use of endoscopic techniques in the management
of sinonasal neoplasms, particularly inverted papillomas [36,37]. These tech-
niques would not be considered functional, as many of the techniques attempt
to remove large areas of mucosa and leave bare bone so as to ensure complete
tumor removal.

Recurrent acute sinusitis is typified by attacks of unilateral or bilateral sinusitis
that resolves with medical therapy but is recurrent throughout the year. If the
history of acute sinusitis is vague or unproved, it may be helpful for the surgeon to
see the patient during an acute attack to verify that the patient has acute sinusitis.
Endoscopic examination of the patient at the time of an episode of acute sinusitis
should show edematous middle meatal mucosa and purulent-looking secretions
coming from the middle meatus or, in some cases, the sphenoethmoidal recess.
Generally, the coronal CT scan shows anatomic variations in the OMC, such as
concha bullosa or Haller cells, which are believed to predispose to poor ven-
tilation and drainage. If the patient does not respond to ongoing medical ther-
apies, such as topical nasal-steroid prophylaxis, endoscopic surgery could be
considered to try to reduce the number of infections the patient has in a given
year. It is reasonable to consider surgery when these obstructing anatomic
variations correspond to an area of recurrent sinus symptoms.

Patients with chronic sinusitis generally have ongoing facial pain or pressure,
postnasal discharge, nasal obstruction, and possibly some alteration in the sense
of smell. Patients with postnasal discharge or drip as the major presenting symp-
tom, in the absence of other major sinus symptoms, generally are not good
candidates for ESS. These patients continue to produce the normal 1 L or more of
mucus from their nose and sinuses each day, which manifests as an uncomfort-
able sensation at the back of their throat.

Nasal polyps are a frequent indication for ESS. The extent of disease removal
depends on the extent of disease and the philosophy and skill of the surgeon.
Antrochoanal polyps are curable in some patients, but for the most part, nasal
polyps are difficult to control, particularly in the acetylsalicylic acid (ASA; Sam-
ter’s) triad. Patients and physicians frequently are frustrated by disease recurrence,
and a careful discussion with the patient before surgery is required to try to
minimize disappointment. Many patients with polypoid disease do not have
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curable cases. Small-volume disease, localized around the middle meatus or
olfactory grove, responds well for periods of 3 to 12 months or more, with short
bursts of systemic corticosteroids. When the polyps fill almost the entire nasal
cavities, resulting in severe nasal obstruction and anosmia, systemic cortico-
steroids work for brief periods. Generally in this circumstance, a longer period of
relief from the nasal obstruction could be afforded with surgery. Corticosteroids
taken peri- or postoperatively can be a helpful adjunct in addition to the continued
postoperative use of topical nasal steroids to try to slow disease recurrence. The
exact role for leukotriene inhibitors in the management of nasal polyp disease
remains to be elucidated.

Fungal sinusitis may coexist with nasal polyps and is recognized by a thick
tenacious mucus that has a dark yellow or brown appearance. The mucin
sometimes looks hyperdense on CT scan or is associated with calcification. If
MR images are performed, there are often signal voids in the areas of hyperden-
sity seen on CT scan. In the noninvasive forms of fungal sinusitis, it is believed to
be important to get all of the thick mucoid material out of all of the involved
sinuses at the time of surgery to prevent recurrence.

Instrumentation

A variety of instruments are used for ESS. Adequate visualization usually is
achieved with a 0°, 4-mm rigid nasal telescope. The telescope can be attached to
a television monitor, or the surgeon can look through the scope and visualize the
anatomy directly. A beam splitter can be put on the telescope so that the surgeon
can look directly through the telescope and the image can be transmitted to a
camera to show other members of the operating team what the surgeon is doing.
Other scopes offer different angulations, including 30°, 45°, 70°, and 120° angles
of view. The workhorse scope is the 0° endoscope, but for work in the frontal
recess or viewing the interior of the maxillary or lateral recesses of the sphenoid
sinuses, the angled scopes are helpful.

Powered instrumentation or shavers have revolutionized many aspects of sinus
surgery, particularly for removal of soft tissues [38,39]. These shavers initially
were adapted for orthopedic surgery, where they were used in joint arthroscopic
procedures. A number of manufacturers make similar instruments with various
nuances. The basics of the instrument include an opening at the tip of the
instrument where soft tissues are sucked into the opening and a blade oscillates
back and forth to remove small pieces of the soft tissue, which are suctioned up
the tubing and removed. As tissue is débrided, new tissue is brought into the
opening of the shaver and subsequently removed. Many of these instruments
have their own internal irrigation system to prevent material from occluding
the internal suction apparatus. There are various degrees of aggressiveness of
these blades, a variety of angulations, and even burs that can be used for bone
removal. It often is easier to preserve normal mucosa and be precise with these
instruments as opposed to many other standard metal instruments used for nasal
and sinus surgery. Drilling of bone is not considered a routine part of ESS but
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can be required for some frontal sinus work or special procedures, such as optic
nerve decompression.

Computer-assisted navigation has been developed and used [40,41]. The basic
idea is to have a patient undergo a preoperative axial thin image CT scan, which is
loaded into a computer system in the operating room. The computer uses the axial
images and reconstructs coronal and sagittal images. The patient’s head is
registered in the operating room so that a surgeon can place various instruments
on the facial skeleton or intranasally and can see the location of the tip of the
probe in three dimensions. Electromagnetic and optical tracking systems are
available with excellent accuracy to approximately 1 to 2 mm. The technology is
not universally available given its high cost. The systems do not allow surgeons
to perform surgery that they could not otherwise perform but are helpful in
confirming the anatomy, particularly in revision cases in which the anatomy
could be distorted. These devices may be helpful in the management of neo-
plasms and skull-base lesions and in surgery around critical structures such as in
the sphenoid sinus. These systems do not provide real-time imaging; if the
anatomy changes during the operation (eg, decompression of a mucocele), the
surgeon must be cognizant of this fact so as to avoid inadvertant injury to normal
structures that have moved.

Preoperative patient evaluation

Before elective ESS for inflammatory disease, any infection should be
minimized, if possible. This step helps to reduce intraoperative bleeding and fa-
cilitate thorough dissection. Medical therapy can include culture-directed anti-
biotics or systemic corticosteroids for severe mucosal hypertrophy or polyposis.
Generally, surgeons discuss the risks, benefits, and alternatives of surgery. Many
patients can be frightened off by the potential risks of surgery, including injury to
the orbit resulting in the potential for double vision, blurry vision, or blindness.
Breach of the anterior skull base with a CSF leak, meningitis, and life-threatening
hemorrhage from carotid artery injury are possible [33,34]. The risks for these
complications are low, particularly with experienced surgeons [42]. Other com-
plications, such as postoperative hemorrhage, infection, and poor wound healing,
need to be discussed. Generally, no guarantee can be given that the surgery will
be successful, and the patients must weigh the potential chance for improvement
versus the low risk for complications [43,44].

ESS can be performed under local anesthesia with sedation or general
anesthesia [45,46]. The choice largely depends on the preference of the patient
and surgeon. Local anesthesia with sedation avoids the risks associated with
general anesthesia; however, many patients find it uncomfortable to have in-
strumentation inside of their noses no matter how much sedation or local
anesthesia is given. Local anesthesia carries the advantage that the patient’s
vision and response to pain can be monitored. The orbital periosteum and skull
base are sensitive to pain, and a patient who is awake should be able to
communicate to the surgeon any feeling of significant discomfort. Some patients
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under sedation are disinhibited, which may preclude surgery, or they may
swallow or aspirate blood, making the surgery difficult. It is important to discuss
with the patient who will undergo local anesthesia with sedation that conversion
to general anesthesia may be required if problems arise.

An important feature of ESS is to be able to see what the surgeon is doing. If
there is too much bleeding, it is difficult to visualize the important anatomy and
pathology. For this reason, it is commonplace to use vasoconstrictors, topically
and by injection. Common vasoconstrictors include xylometazoline, phenyleph-
rine, adrenalin, and cocaine. With any of these medications, appropriate care is
required to not exceed recommended dosages. The use of catecholamines with
the cocaine may initiate or potentiate cardiac arrhythmias. Local anesthetics (eg,
1%—2% xylocaine) mixed with various concentrations of adrenalin (eg,
1:100,000—1:200,000 epinephrine) can be injected into the lateral nasal wall or
other intranasal structures. Some surgeons find that a sphenopalatine block by
way of an intranasal or intraoral route can facilitate surgical dissection.

After vasoconstriction is achieved, the nasal cavities are examined with rigid
nasal telescopes. Diseases of the nose, middle meatus, and nasopharynx and
septal deformities are noted. Some surgeons prefer to routinely resect a portion of
the middle turbinate, but this step is often not necessary in most routine sinus
procedures [47,48]. The sickle-shaped uncinate process is resected, followed by
identification of the natural maxillary ostia. If there is no significant disease
around the ostia, there is no compelling need to enlarge it further unless there is
an accessory ostia where the potential for recirculation of mucus exists. The
ethmoidal bulla often is opened and removed to the lamina papyracea. If a concha
bullosa exists, it can be treated expectantly if it is small or by resection of the
lateral half if it is believed to be impairing OMC drainage. If there is a
paradoxical bend to the middle turbinate, so that the turbinates scrolls the
opposite way to normal, a portion of the turbinate may need to be resected [47].

If there is no significant disease in the posterior ethmoid or sphenoid sinuses,
routine surgery in those regions is not required. If there is disease, great care is
required in opening through the basal or ground lamella to access the posterior
ethmoid air cells. When the opening of the sphenoid sinus is sought, it is
important to stay medial and inferior to try to avoid inadvertant injury to the
orbital apex or anterior skull base.

If there is no significant frontal disease, routine dissection in the frontal recess
or frontal sinus is not required. If there is disease, use of angled telescopes, angled
curettes, and specialized instruments for removal of small bony partitions and
pieces in the frontal sinus can be useful. In circumstances in which there is
osteitis, there are scarring and bony overgrowth in the region, and standard en-
doscopic mucosal sparing techniques have not worked, drilling of the bone may
be required. There are several approaches to opening of the frontal sinus in terms
of the extent of bony removal. Approaches can take the form of a simple opening
into the frontal sinus to complete removal of the floor of the frontal sinus (en-
doscopic Lothrop procedure). With increasing removal of bone comes the
increasing complexity of surgery and morbidity for the patient after surgery. In
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the case of recalcitrant, chronic frontal sinusitis and osteitis, these procedures can
be gratifying for the patient and surgeon once the mucosa heals.

Septal surgery is often not necessary during ESS; however, if there is a sig-
nificant deviated nasal septum, a traditional septoplasty can be performed through
an incision near the entrance to the nose. If a septal deflection precludes good
access to one side during ESS, an endoscopic septoplasty can be performed in
which the offending pieces of cartilage and bone are removed through a small
incision anterior to the middle turbinate [49]. Whichever approach is taken,
meticulous tissue handling and care usually prevents mucosal injury, which could
result in a septal perforation.

Most standard endoscopic sinus procedures take from 30 to 60 minutes to
perform, but there is wide variation, depending on the disease extent and operative
procedures required. There is no uniform postoperative regimen. Some patients
have nonabsorbable nasal packing placed in their noses for a period of hours to
days. Absorbable packing materials also can be placed in the middle meatus or
nose and may enhance tissue healing. Some surgeons place various stents in the
middle meatus during the initial postoperative phase to prevent adhesions.

Use of prophylactic antibiotics and systemic corticosteroids is not universal. In
general, patients use saline rinses for several weeks after surgery to remove nasal
crusting. Some surgeons prefer to decrust their patients at regular intervals after
surgery, whereas others prefer to allow the crusts to fall out on their own. When
the crusting has settled, topical steroid treatment may be started. Topical steroids
generally are considered for patients with nasal polyposis, allergic rhinitis, or
chronic sinusitis. The length of time patients take a topical steroid depends on the
status of their nasal and sinus mucosa during follow-up examinations.

The frequency of follow-up visits is dictated by the disease severity and
response to surgical and postoperative medical therapy. Many patients, particu-
larly those with nasal polyps, require the use of postoperative topical cortico-
steroids. Ideally the topical nasal steroids should be started as soon as adequate
healing has occured, typically 2 to 4 weeks post-operatively. It is important to
emphasize to patients that surgery is one facet of treatment and is not necessarily
a cure for their disease.

Results of endoscopic sinus surgery

A positive clinical outcome of ESS in dealing with inflammatory sinus disease
has been well established. Chronic rhinosinusitis has been found to have a sig-
nificant adverse impact on patient-perceived functional status and quality of life.
Winstead has documented a statistically significant improvement in disease-
specific symptoms and patient-perceived global health status at 6 and 12 months
after ESS [50]. Hoffman has shown specific symptom improvement after ESS to
include headaches, nasal drainage, nasal congestion, sinus infection, and breath-
ing difficulties [51]. Sobol et al assessed treatment results in 393 patients un-
dergoing ESS at 6 and 12 months [52]. A positive outcome was achieved in
80.5% of patients at 6 months and in 69.7% of patients at 12 months. Senior has
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documented the treatment outcome at longer follow-up periods [43]. Seventy-two
patients were assessed; at an average follow-up of 7.8 years, patients reported a
98.4% subjective improvement in their symptoms. Studies also have focused on
the impact of asthma control in patients undergoing ESS for chronic sinusitis.
Palmer et al used the number of days and total dose of oral prednisone as an
objective measure of asthma control [53]. Fourteen of 15 patients decreased their
postoperative prednisone requirement from 84 to 63 days. This finding corrobo-
rates objectively that at least in the short term, ESS is efficacious in management
of patients with chronic sinusitis and asthma. The likelihood of revision surgery is
an important issue. In the series by Senior et al, 18% of patients required revision
surgery [43]. The incidence of revision surgery in the series by Sobol was 4.1%
within 1 year of follow-up [52].

Conventional sinus operations

The foundations of conventional sinus surgery were developed toward the end
of the 19th century and were designed to open into the sinuses and curette or
remove diseased mucosa from the sinuses intranasally or by way of an external
incision. If opening of the natural pathway was not feasible, wide communication
into the nose at another site was created to permit gravitational drainage, or
the sinus was obliterated to prevent ingrowth of mucosa and possible recurrence
of disease.

Conventional maxillary sinus operations include antral lavage or irrigating to
clear infected purulent material from the maxillary sinus. An intranasal antros-
tomy generally is made under the inferior meatus and in essence creates an
opening for ventilation. As discussed earlier, it may not allow proper drainage, as
the ciliary blanket continues to propel mucus toward the natural maxillary ostia in
the middle meatus. The Caldwell-Luc operation was the standard of care for
patients with recurrent or chronic maxillary sinusitis before the development of
ESS. It still is used for some cases of fungal disease and massive polyposis and
for exposure of the sinus in some disease states. It can be performed under local
or general anesthesia [54,55]. An incision is made in the upper gingivobuccal
sulcus over the canine fossa, and an opening is created through the anterior wall
of the sinus. The opening needs to be large enough to enable inspection of the
interior of the maxillary sinus and removal of diseased mucosa. An inferior
antrostomy generally is made with this procedure.

Conventional frontal sinus procedures include the frontal sinus trephination,
which is used for treating acute frontal sinusitis that is unresponsive to medical
treatment. An incision is made in the medial canthal region, and an opening is
drilled into the anteroinferior aspect of the frontal sinus to drain purulent material.
A form of trephination also is performed in ESS, in which a small needle is
placed in a similar location to irrigate the sinus and to see where the fluid drains
intranasally to facilitate dissection in the frontal recess.

Other frontal sinus external procedures that have been performed include a
variety of procedures to remove various portions of the floor or anterior face of
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one or both sinuses. A popular frontal sinus procedure is the osteoplastic flap,
which can be performed through a bicoronal incision, an incision made through a
forehead crease, or an incision made over the eyebrows connected through the
glabella. Generally, the bicoronal incision gives better cosmesis. The forehead
skin is elevated down to the supraorbital rims, and the anterior table of the frontal
sinus is removed. The disease is removed, and a wide communication into the
nose can be created to facilitate drainage. The anterior table is replaced. Many
surgeons prefer to obliterate the sinus using fat obtained from other sites or other
autologous or nonautologous materials. Whether it is better to provide ventilation
or to obliterate a frontal sinus is a matter of controversy among surgeons.

Conventional procedures performed on the ethmoid sinus can include trans-
nasal ethmoidectomy with a headlight, possibly with loupe magnification [56].
Access to the ethmoid labyrinths also can be performed through a medial canthal
incision, with elevation of the periorbita and entrance into the labyrinth through
the lamina papyracea. The sphenoid sinus can be reached by transeptal and
transethmoidal (intranasal, transantral, or external) approaches. The preferred
approach for any of these steps depends largely on the preference and experience
of the surgeon and the coexistence of ethmoid disease.

Complications of sinus surgery

The operative field is in close proximity to the anterior cranial fossa, the orbits,
and the carotid arteries [57]. Potential complications associated with sinus
surgery are presented in Table 1. Major complications have a low incidence of
occurrence. The surgeon pays particular attention to the preoperative CT scan,
which is like a road map for the surgery. Particular attention is given to the roof of
the ethmoid sinus (fovea ethmoidalis); the integrity of the bone separating the
ethmoid sinus from the eye (lamina papyracea); and the position, shape, and size
of the frontal and sphenoid sinuses. The integrity of the bone over the carotid
arteries and optic nerves is assessed if sphenoid surgery is planned.

Proper visualization during surgery and identification of important anatomic
landmarks are keys to avoiding complications. CSF leaks should be repaired when

Table 1

Complications of endoscopic sinus surgery

Minor Major

Minor hemorrhage Severe hemorrhage
Periorbital ecchymosis Orbital hematoma

Orbital emphysema CSF leak

Ostial stenosis Intracranial injury and/or bleeding
Synechia Meningitis and brain abscess
Tooth numbness and pain Persistent diplopia

Transient diplopia Blindness

Disturbance of olfaction Carotid artery injury

Nasolacrimal duct injury
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they are identified to minimize the risk for meningitis [34]. Penetration of the
orbital contents can occur while working within the maxillary or ethmoid sinuses.
This event can result in long-term diplopia or blindness. Inadvertent injury to the
carotid artery in the sphenoid sinus may result in life-threatening hemorrhage and
risk for cerebrovascular accident [33,58]. Sinus surgeons need to be able to
recognize these complications early and arrange appropriate management.

Summary

The paranasal sinuses are a complex labyrinth of cells that drain into the nose.
One of the important features of sinus health is patency of the sinus openings to
allow ventilation and drainage. Equally important is the status of the mucosa and
cilia. Surgery in many patients can address the patency issue but not necessarily
the mucosa or the cilia. Modern-day sinus surgery attempts to open and ventilate
the sinuses with as little collateral damage to adjacent mucosa as possible. The
mucosa of many chronically inflamed sinuses vastly improves once this step is
achieved. In the authors’ experience, the cases of 80% of patients with recurrent
acute sinusitis or chronic sinusitis can be improved, although not necessarily
cured, with surgery. Cases of nasal polyposis can be improved for a period of
time (months to years), but most recur, particularly those that involve the ASA
triad. The risks associated with surgery are small. Patients need to weigh the
potential improvement in their quality of life versus having to go undergo surgery
and the small risk for complications.

References

[1] Gliklich RE, Metson R. Effect of sinus surgery on quality of life. Otolaryngol Head Neck Surg
1997;117:12-17.

[2] Metson RB, Gliklich RE. Clinical outcomes in patients with chronic sinusitis. Laryngoscope
2000;110:24-38.

[3] Kennedy DW, Wright ED, Goldberg AN. Objective and subjective outcomes in surgery for
chronic sinusitis. Laryngoscope 2000;110:29-31.

[4] Van Alyea OE. Ethmoid labyrinth: anatomic study, with consideration of the clinical significance
of its structural characteristics. Arch Otolaryngol 1939;29:881-901.

[5] Van Alyea OE. Sphenoid sinus: anatomic study, with consideration of the clinical significance
of the structural characteristics of the sphenoid sinus. Arch Otolaryngol 1941;34:225-53.

[6] Kuhn FA, Bolger WE, Tisdal RG. The agger nasi cell in frontal recess obstruction: an anatomic,
radiologic and clinical correlation. Op Tech Otolaryngol Head Neck Surg 1991;2:226-31.

[7] Van Alyea OE. Frontal cells. Arch Otolaryngol 1941;34:11-23.

[8] Kasper KA. Nasofrontal connections: a study based on one hundred consecutive dissections.
Arch Otolaryngol 1936;23:322—44.

[9] Kainz J, Braun H, Genser P. Haller’s cells: morphologic evaluation and clinicosurgical relevance.
Laryngorhinootologie 1993;72:599—604.

[10] Bolger WE, Woodruff WW, Morehead J, Parsons DS. Maxillary sinus hypoplasia: classifica-
tion and description of associated uncinate hypoplasia. Otolaryngol Head Neck Surg 1990;103:
759-65.

[11] Bolger WE, Kennedy DW. Atelectasis of the maxillary sinus. J Respir Dis 1992;13:1448—50.



1.J. Witterick, J. Kolenda / Immunol Allergy Clin N Am 24 (2004) 119-134 133

[12] Kennedy DW, Zinreich SJ, Rosenbaum AE, et al. Functional endoscopic sinus surgery: theory
and diagnostic evaluation. Arch Otolaryngol 1985;111:576—82.

[13] Stammberger H, Wolf G. Headaches and sinus disease: the endoscopic approach. Ann Otol
Rhinol Laryngol 1988;97(Supp 134):3-23.

[14] Clark ST, Babin RW, Salazar J. The incidence of concha bullosa and its relationship to chronic
sinonasal disease. Am J Rhinol 1989;3:11-2.

[15] Zinreich SJ, Mattox DE, Kennedy DW, et al. Concha bullosa: CT evaluation. ] Comput Assist
Tomogr 1988;12:778—84.

[16] Bolger WE, Woodruff WW, Parsons DS. CT demonstration of uncinate process pneumatization:
a rare paranasal sinus anomaly. Am J Neurorad 1990;11:552.

[17] Bolger WE, Butzin C, Parsons DS. CT analysis of bony and mucosal abnormalities for endo-
scopic sinus surgery. Laryngoscope 1991;101:56—71.

[18] Calhoun K, Waggenspack GA, Simpson CB, et al. CT evaluation of paranasal sinuses in symp-
tomatic and asymptomatic populations. Otolaryngol Head Neck Surg 1991;104:480—3.

[19] Havas TE, Motbey JA, Gullane PJ. Prevalence of incidental abnormalities on computed tomo-
graphic scans of the paranasal sinuses. Arch Otolaryngol 1988;114:856—9.

[20] Stammberger H. Functional endoscopic sinus surgery: the Messerklinger technique. Philadel-
phia: BC Decker; 1991.

[21] Moriyama H, Yanagi K, Otori N, et al. Healing process of sinus mucosa after endoscopic sinus
surgery. Am J Rhinol 1996;10:61—6.

[22] Bolger WE, Kennedy DW. Nasal endoscopy in the outpatient clinic. Otolaryngol Clin North Am
1992;25:791-802.

[23] Stammberger H. Nasal and paranasal sinus endoscopy: a diagnostic and surgical approach to
recurrent sinusitis. Endoscopy 1986;18:213-8.

[24] Kainz J, Stammberger H. The roof of the anterior ethmoid: a place of least resistance in the skull
base. Am J Rhinol 1989;3:191-9.

[25] Messerklinger W. Background and evolution of endoscopic sinus surgery. Ear Nose Throat J
1994;73:449-50.

[26] Stammberger H. The evolution of functional endoscopic sinus surgery. Entechnology 1994;73:
451, 454-5.

[27] Kennedy DW, Zinreich SJ. The functional endoscopic approach to inflammatory sinus disease:
current perspectives and technique modifications. Am J Rhinol 1988;2:89—96.

[28] Kennedy DW, Zinreich J, Rosenbaum AE, Johns ME. Functional endoscopic sinus surgery:
theory and diagnostic evaluation. Arch Otolaryngol 1985;111:576—82.

[29] Hassab M, Kennedy DW. Maxillary sinus ostioplasty versus nasal antral window in maxillary
sinusitis: an experimental study. Am J Rhinol 1996;10:357—-63.

[30] Lundberg JO, Farkas-Szallasi T, Weitzberg E, et al. High nitric oxide production in human
paranasal sinuses. Nat Med 1995;1:370—3.

[31] Setliff III RC. The small-hole technique in endoscopic sinus surgery. Otolaryngol Clin North Am
1997;30:341-54.

[32] Kane KJ. Recirculation of mucus as a cause of persistent sinusitis. Am J Rhinol 1997;11:361-9.

[33] Kennedy DW, Zinreich SJ, Hassab M. The internal carotid artery as it relates to endonasal
sphenoethmoidectomy. Am J Rhinol 1990;4:7—12.

[34] Lanza DC, O’Brien DA, Kennedy DW. Endoscopic repair of cerebrospinal fluid fistulaec and
encephaloceles. Laryngoscope 1996;106:1119-25.

[35] Stammberger HR, Bolger WE, Clement PAR, et al. Anatomic terminology and nomenclature in
sinusitis. Ann Otol Rhinol Laryngol 1995;104(Suppl 167):7-19.

[36] Tufano RP, Thaler ER, Lanza DC, et al. Endoscopic management of sinonasal inverted papil-
loma. Am J Rhinol 1999;13:423-6.

[37] Thaler ER, Kotapka M, Lanza DC, Kennedy DW. Endoscopically assisted anterior cranial skull
base resection of sinonasal tumors. Am J Rhinol 1999;13:303—10.

[38] Setliff 3rd RC. The hummer: a remedy for apprehension in functional endoscopic sinus surgery.
Otolaryngol Clin North Am 1996;29:95—-104.



134 1LJ. Witterick, J. Kolenda / Immunol Allergy Clin N Am 24 (2004) 119-134

[39] Kuhnel T, Hosemann W, Rothammer R. Evaluation of powered instrumentation in out-patient
revisional sinus surgery. Rhinology 2001;39:215-9.

[40] Fried MP, Kleefield J, Gopal H, et al. Image-guided endoscopic surgery: results of accuracy
and performance in a multicenter clinical study using an electromagnetic tracking system.
Laryngoscope 1997;107:594—-601.

[41] Javer AR, Kuhn FA. Stereotactic computer-assisted navigational sinus surgery: historical per-
spective and review of the available systems. J Otolaryngol 2001;30:60—4.

[42] Freedman HM, Kern ES. Complications of intranasal ethmoidectomy: review of 1000 consecu-
tive operations. Laryngoscope 1979;89:421—34.

[43] Senior BA, Kennedy DW, Tanabodee J, et al. Long-term results of functional endoscopic sinus
surgery. Laryngoscope 1998;108:151—7.

[44] Kennedy DW. Prognostic factors, outcomes and staging in ethmoid sinus surgery. Laryngoscope
1992;102:1-18.

[45] Thaler ER, Gottschalk A, Samaranayake R, et al. Anesthesia in endoscopic sinus surgery. Am J
Rhinol 1997;11:409—13.

[46] Gittelman PD, Jacobs JB, Skorina J. Comparison of functional endoscopic sinus surgery under
local and general anaesthesia. Ann Otol Rhinol Laryngol 1993;102:289—-93.

[47] Kennedy DW. Middle turbinate resection: evaluating the issues—should we resect normal mid-
dle turbinates? Arch Otolaryngol Head Neck Surg 1998;124:107.

[48] Bolger WE, Kuhn FA, Kennedy DW. Middle turbinate stabilization after functional endoscopic
sinus surgery: the controlled synechiae technique. Laryngoscope 1999;109:1852—-3.

[49] Hwang PH, McLaughlin RB, Lanza DC, et al. Endoscopic septoplasty: indications, technique,
and results. Otolaryngol Head Neck Surg 1999;120:678—82.

[50] Winstead W, Barnett SN. Impact of endoscopic sinus surgery on global health perception: an
outcomes study. Otolaryngol Head Neck Surg 1998;119:486—91.

[51] Hoffman SR, Mahoney MC, Chmiel JF, et al. Symptom relief after endoscopic sinus surgery: an
outcomes-based study. ENTechnology 1993;72:413—4, 419-20.

[52] Sobol SE, Wright ED, Frenkiel S. One-year outcome analysis of functional endoscopic sinus
surgery for chronic sinusitis. J Otolaryngol 1998;27:252—7.

[53] Palmer JN, Conley DB, Dong RG, et al. Efficacy of endoscopic sinus surgery in the manage-
ment of patients with asthma and chronic sinusitis. Am J Rhinol 2001;15:49—53.

[54] Caldwell GW. Disease of the accessory sinuses of the nose, and an improved method of treat-
ment for suppuration of the maxillary antrum. N 'Y Med J 1893;58:526-8.

[55] Murray JP. Complications after treatment of chronic maxillary sinus disease with Caldwell-Luc
procedure. Laryngoscope 1983;93:282—4.

[56] Lawson W. The intranasal ethmoidectomy: an experience with 1,077 procedures. Laryngoscope
1991;101:367-71.

[57] Kainz J, Stammberger H. Danger areas of the posterior rhinobasis: an endoscopic and anatomi-
cal-surgical study. Acta Otolaryngol 1992;112:852—61.

[58] Maniglia AJ. Fatal and major complications secondary to nasal and sinus surgery. Laryngo-
scope 1988;99:276—-83.



	Surgical management of chronic rhinosinusitis
	Anatomy of the paranasal sinuses
	Anatomic variations

	Etiologic factors in sinus disease
	Nasal endoscopy
	Imaging in sinus disease
	Functional endoscopic sinus surgery
	The maxillary sinus
	The frontal sinus
	The sphenoid sinus
	Indications for endoscopic sinus surgery
	Potential indications for endoscopic sinus surgery

	Instrumentation
	Preoperative patient evaluation
	Results of endoscopic sinus surgery
	Conventional sinus operations
	Complications of sinus surgery

	Summary
	References

	Surgical management of chronic rhinosinusitis
	Anatomy of the paranasal sinuses
	Anatomic variations

	Etiologic factors in sinus disease
	Nasal endoscopy
	Imaging in sinus disease
	Functional endoscopic sinus surgery
	The maxillary sinus
	The frontal sinus
	The sphenoid sinus
	Indications for endoscopic sinus surgery
	Potential indications for endoscopic sinus surgery

	Instrumentation
	Preoperative patient evaluation
	Results of endoscopic sinus surgery
	Conventional sinus operations
	Complications of sinus surgery

	Summary
	References


