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Preface

This endoscopic sinus surgery (ESS) dissection manual illustrates a unique, anatomically based,
and stepwise approach for learning to perform endoscopic sinus surgery. This approach has been
used for years in teaching endoscopic surgical anatomy and technique to otolaryngology residents
and fellows at the University of Miami School of Medicine. It combines all the best attributes of
prior methodologies.

In this manual I illustrate how the bony ridge of the antrostomy and adjacent medial orbital
floor can be very consistent and useful landmarks when performing ESS. By using the antrostomy
ridge and medial orbital floor, in combination with columnellar measurements, even the most in-
experienced surgeon can determine his or her approximate location within the ethmoid labyrinth
and operate within a zone of confidence. Use of this approach also facilitates the determination of
the correct anteroposterior trajectory into the posterior ethmoid and sphenoid sinuses. The me-
thodical use of these landmarks keeps the surgeon oriented, especially when faced with significant
anatomical distortion due to disease or prior surgery. That is, neither anatomical reference point
appears to be significantly affected by inflammatory conditions or prior sinus surgery, and both
are easy to find. Utilizing these consistent reference points minimizes the chance of inadvertent
intracranial or intraorbital complications in the face of significant anatomical distortion.

The manual is divided into 20 dissections. Each of the dissections builds on the anatomical ex-
posure and identification of key anatomical landmarks developed in the preceding dissection. In
addition, an increasing degree of surgical skill and knowledge of the endoscopic paranasal sinus
anatomy is required as the student progresses through all 20 dissections.
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Therefore, one should complete each dissection before progressing to the next one in the man-
ual. All the structures illustrated in each section should be completely identified. Remember that
repetition is the key to developing an expertise in any surgical procedure. Finally, the endoscopic
surgical skills acquired from this manual should be supplemented with additional reading from
the references at the end of the manual to expand one’s fund of knowledge in all the procedures
discussed.

Roy R. Casiano



Contents

Preface v

1. Consistent and Reliable Anatomical Landmarks in Endoscopic Sinus Surgery:

A Historical Perspective 1
2. Surgical Instrumentation, Setup, and Patient Positioning 9
A. Surgical Instrumentation 9
B. OR Setup and Patient Positioning 12
3. Basic Dissection 19
A. Intranasal Examination 19
B. Inferior Turbinoplasty 22
C. Septoplasty 23
D. Middle Turbinoplasty 25
E. Uncinectomy and Identification of the Maxillary Natural Ostium 28
F. Middle Meatal Antrostomy 32
G. Anterior Ethmoid Air Cells 39
H. Posterior Ethmoid Air Cells 44
I. Sphenoid Sinusotomy 48
J.  Frontal Sinusotomy 58

vii



viii Contents

4. Advanced Dissections 63
A. Sphenopalatine and Vidian Foramen and Pterygomaxillary Fossa 63
B. Anterior and Posterior Ethmoid Arteries 70
C. The Nasolacrimal System and Dacryocystorhinostomy 72
D. Orbital Decompression 79
E. Optic Nerve Decompression and the Carotid Artery 83
F.  Orbital Dissection 86
G. Extended Frontal Sinusotomy and the Lothrop Procedure 89
H. Extended Maxillary Antrostomy and Medial Maxillectomy 95
I. Extended Sphenoid Sinusotomy and Approach to the Sella Turcica 97
J. Anterior Skull-Base Resection 99
References 103

Index 109



Consistent and Reliable Anatomical Landmarks
in Endoscopic Sinus Surgery: A Historical Perspective

Transnasal sinus surgery began in 1886, when Miculicz reported on the endonasal fenestration of
the maxillary sinus (1). A transnasal approach to performing an ethmoidectomy was not described
until 1915, when Halle reported his experience (2). Even then, it was immediately apparent that a
transnasal ethmoidectomy posed significant inherent risks for the patient. Indeed, these risks were
best paraphrased by Mosher, in 1929, when he described intranasal ethmoidectomy as being “one
of the easiest operations with which to kill a patient” (3). In the three decades that followed
Mosher’s work, a number of significant anatomical studies helped further define the three-
dimensional anatomy and variations of the ethmoid labyrinth, turbinates, and surrounding ostia
and recesses that drain the dependent sinuses (maxillary, frontal, and sphenoid) (4-10). Initially
designed to evaluate the feasibility of irrigating the antrum via direct transnasal cannulation of the
natural ostium, these studies contributed significantly to our current understanding of paranasal
sinus endoscopic anatomy. They describe the wide variability in distances and dimensions among
virtually all the intranasal anatomical structures currently used as landmarks in endoscopic sinus
surgery (ESS).

The first attempt at nasal and sinus endoscopy was made by Hirshman in 1901, using a modi-
fied cystoscope (11). In 1925, Maltz, a New York rhinologist, used the term sinoscopy and advocated
the technique for diagnosis (12). However, ESS was not introduced in the European literature until
1967, by Messerklinger (13). Moreover, it did not gain wider acceptance in Europe until others con-
tinued development and clarification of the technique (14-21). In 1985, Kennedy introduced the
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technique of functional endoscopic sinus surgery (FESS) into the United States (22). Since then,
there has been an ongoing effort to refine the ESS technique and identify consistent anatomical
landmarks to facilitate safe entry into the maxillary or sphenoid sinus, or to navigate within the
ethmoid sinus (23-32).

Most rhinologists agree that ESS should be a “disease-directed” and mucosal-sparing operation,
recognizing the principle of the potential for re-establishing drainage and mucosal recovery of the
dependent sinuses (13,14,16). Since first described in 1965 by Neuman, the concept of the osti-
omeatal unit, or complex, continues to play a role in mucosal disease of the paranasal sinuses (15).
The ostiomeatal complex theory states that most inflammatory conditions of the maxillary, eth-
moid, and frontal sinuses arise from this common drainage pathway. Therefore, the surgical pro-
cedure can be limited to an absolute minimum. Even in cases with significant radiological
involvement of the frontal or maxillary sinuses, correction of ethmoid disease usually results in
re-establishment of drainage and mucosal recovery of the larger (dependent) sinuses.

Today, there are essentially two techniques available to endoscopically address the ethmoid,
maxillary, and sphenoid sinuses: the anteroposterior (AP) approach and posteroanterior (PA) ap-
proach (14,17,18,20). Anteroposterior exenteration of the ethmoid sinuses is the technique most
widely used in the United States (14,17). The surgeon proceeds as far posteriorly as needed to re-
move diseased ethmoid cells and polyps and establish drainage only to the dependent sinuses that
are blocked. In contrast, the posteroanterior approach is based on retrograde exposure of the eth-
moid cells, beginning at the posterior ethmoids and sphenoid sinus and working in a posteroan-
terior direction along the skull base (18-20). The ethmoid cell septations are removed in a
posteroanterior direction along the skull base and orbital wall using the roof and lateral wall of
the sphenoid sinus as reference points for the superior and lateral limits of dissection, respectively.

In the AP approach, the surgeon begins with an anterior ethmoidectomy by removing the unc-
inate process, bullar cells, and agger nasi cells, and occasionally entering the frontal recess. The
surgeon proceeds as far posteriorly as needed to remove diseased ethmoid cells and polyps. A
limited maxillary antrostomy is typically not performed until after the ethmoid cells have been
addressed. Bone is removed circumferentially (anteriorly toward the lacrimal duct and posteriorly
toward the posterior fontanelle) to enlarge the maxillary ostium as needed. If a sphenoidotomy is
indicated, a transethmoidal operation through the common wall of the sphenoid and posterior
ethmoid sinus is described.

Proponents of the AP approach argue that even though it enables the surgeon to proceed as far
posteriorly (into the posterior ethmoids or sphenoid) as needed, extensive surgery is infrequently
indicated (14,17,22). However, not all surgeons share this view, arguing that patients with ad-
vanced nasal polyposis frequently have pansinus disease affecting not only the anterior ethmoids
and dependent sinuses (maxillary and frontal) but also the sphenoethmoidal recess and surround-
ing ostia draining the posterior ethmoids and sphenoid sinuses (33). Also, the AP approach as-
sumes that the inexperienced surgeon will correctly identify critical anatomical structures such as
the uncinate process, ostium of the maxillary sinus, middle and superior turbinate and surround-
ing recesses, the basal lamella of the middle and superior turbinates, the anterior ethmoid artery
and anterior skull base, and the anterior and posterior ethmoid air cells. The surgeon is taught to
identify these structures and to stay “inferomedially” as he or she progresses posteriorly to mini-
mize the chances of inadvertently penetrating the orbital wall or skull base. The problem for the
inexperienced surgeon is that often these structures are missing or distorted because of patholog-
ical conditions or prior surgery. In addition, during the course of the surgical procedure, the nasal
telescope and/or camera may become rotated within the nose. The unsuspecting surgeon may
think he or she is heading in an inferoposterior direction while in fact following a superior or lat-
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eral trajectory toward the skull base or orbit. In the absence of other consistent anatomical land-
marks as internal reference points, the surgeon may fail to see that he or she is improperly oriented
and that the skull base descends posteroinferiorly (34). This may result in inadvertent penetration
of the anterior skull base or orbit as the AP ethmoidectomy is performed.

To address the difficulties observed when performing a sphenoidotomy using the traditional AP
approach, Parsons described his approach to the sphenoid sinus (29). An anterior and posterior
ethmoidectomy is performed (as with the AP approach) and the superior turbinate is visualized.
The natural ostium of the sphenoid sinus is visualized on the medial side of the superior turbinate.
A measurement is obtained from the natural ostium of the sphenoid to the anterior nasal spine.
The same measuring instrument is then placed through the operative field, lateral to the middle
and superior turbinates, to the “suspected” posterior wall of the posterior ethmoid. The second
measurement has to be equal to or greater than the first measurement (at the natural ostium) for
the suspected wall to qualify as the real anterior wall of the sphenoid sinus and not a posterior
wall or a suprasphenoidal (Onodi) cell. A rigid instrument, such as a straight suction tip, is placed
in the inferomedial quadrant. The instrument is advanced as far posterior and inferomedially as
the dissection will allow. The surgeon then sweeps the suction tip medially toward the septum.
According to Parsons, the bony wall of the superior/supreme turbinate will fracture in a very
“consistent fashion,” exposing a near vertical fracture line, which he refers to as the “ridge.” The
surgeon continues to sweep the superior turbinate medially, exposing the lateral mucosa of the
superior turbinate medial to the ridge, referred to as the “ethmoid fontanelle,” thereby visualizing
the natural ostium of the sphenoid sinus.

Like other modifications of the AP approach, Parsons’ technique has significant flaws due to
some erroneous assumptions. He assumes that most surgeons performing a total ethmoidectomy
can correctly identify, in the presence of inflammatory conditions, the sphenoid natural ostium, the
middle and superior turbinates, and the posterior wall of the posterior ethmoid. He further as-
sumes that the surgeon will be able to safely perform an anterior and posterior ethmoidectomy,
identify the “ridge” as described, and introduce the suction tip correctly “inferomedially” into the
sphenoid sinus. Blindly “advancing” suction tips (or today, power instrumentation) into any cav-
ity can yield disastrous consequences. The inexperienced surgeon may face orientation difficulties
with respect to how far inferomedially he or she has to be.

In 1999, Bolger and colleagues also tried to address the difficulties in consistently and safely
opening the sphenoid sinus using the AP approach (30). Like Parsons, Bolger noted that identifi-
cation of the superior meatus and superior turbinates provides a reliable landmark within the dis-
section field that can facilitate the surgical identification of the sphenoid sinus. He advises
resecting 2-3 mm of the inferior and medial aspect of the basal lamella of the middle turbinate,
and notes that little has been written about an endoscopic approach to the sphenoid sinus that
uses this “discrete, easily identifiable, and reliable anatomic landmark.” Bolger describes a “paral-
lelogram-shaped box”: medially the lateral aspect of the superior turbinate and, when present, the
supreme turbinate; laterally the lamina papyracea; superiorly the skull base; and inferiorly the
horizontal portion of the superior turbinate as it courses to attach to the lateral nasal wall. The
back of this box is the anterior wall of the sphenoid sinus. Bisecting the box with a line connecting
the superomedial corner to the inferolateral corner forms two triangles. Dissection in the infero-
medial triangular region will be safe, whereas dissection in the superolateral triangular region will
be hazardous because of the proximity of the optic nerve and the carotid artery. Just as Parsons
and his coworkers had, the authors of this study found the superior meatus and the inferior aspect
of the superior turbinate (unlike the middle turbinate) to be a consistent and reliable anatomical
landmark for the location of the sphenoid sinus that is rarely resected with prior surgery. How-
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ever, like Parsons’ technique, this approach relies on the surgeon’s ability to perform a complete
ethmoidectomy with correct identification of the lamina papyrecea and anterior skull base anterior
to this point. In addition, most inexperienced surgeons often find that distortion due to scarring
or inflammatory disease often makes it very difficult to reliably identify the remnant of the supe-
rior turbinate.

Despite Parsons” and Bolger’s attempts to address the difficulties with safely and consistently
identifying the sphenoid sinus through a transethmoidal (AP) approach, significant problems re-
main. First, a transethmoidal sphenoidotomy does not always afford optimal access: the bone of
the anterior wall of the sphenoid is thicker than that paramedially adjacent to nasal septum in the
area of the sphenoid natural ostium (31). Since this procedure is carried out relatively close to the
optic nerve and the carotid artery, specific anatomical variations in these skull-base structures may
preclude the use of these techniques because of the potential for significant complications. Second,
anatomical characteristics, such as a deviated nasal septum, may force the surgeon to take a more
lateral trajectory into the sphenoid sinus, which, without a consistent reference point for initial en-
try into the sphenoid, requires a great deal of experience. The unwary surgeon can easily misjudge
the appropriate level of entry into the sphenoid or posterior ethmoid and inadvertently enter the
skull base, carotid artery, or optic nerve. Lastly, if the osteomeatal complex theory also applies to
the sphenoethmoidal recess and surrounding ostia to the posterior sinuses (“posterior osteomeatal
complex” to the sphenoid and posterior ethmoids), then whichever endoscopic surgical technique
is selected must also address the natural drainage areas of these sinuses. In other words, the nat-
ural ostium of the sphenoid needs to be enlarged rather than a new one created through the com-
mon wall of the sphenoid and posterior ethmoid sinus. The transethmoidal technique does little
to ensure that the natural ostium is incorporated into the surgical sinusotomy (as is commonly
done with the maxillary sinus ostium).

For these reasons, a sphenoidotomy adjacent to the nasal septum and medial to the superior tur-
binate has been proposed (26,31,32). Any bleeding during enlargement of the sphenoid ostium in-
feriorly can be easily controlled with cautery. Hosemann et al. note that perforation of the anterior
sphenoid wall 10-12 mm superior to the choanal arch in the area of the natural ostium, as de-
scribed by Wigand, is the preferable strategy (31). This point corresponds to the middle third of
the anterior sphenoid sinus wall in 88% of the cases and to the superior third in the remainder.

Recognizing the potential difficulties with the AP approach, especially with more extensive dis-
ease of the paranasal sinuses, Wigand described the PA approach (18-20). In this approach, the
surgeon opens the sphenoid beginning with a posterior partial resection of the middle turbinate.
The posterior ethmoid sinus is opened by limited removal of the posterior free body of the middle
turbinate. The sphenoid is entered by using a suction tip with gentle pressure 1-2 cm above the
upper edge of the posterior nasal choanal arch. Wigand notes that his technique poses little danger
of perforating the skull base because the rigid plate of the sphenoid planum will be encountered
if the surgeon goes too high. Nevertheless, he advises against exposing the posterior ethmoid cells
as far as the ethmoid roof at this point. Rather, he advocates first exposing and removing the an-
terior wall of the sphenoid sinus to avoid dissection toward the skull base. Once the roof of the
sphenoid and lateral wall are identified (as the superior and lateral limits of dissection, respec-
tively), a retrograde dissection of the ethmoid cells is performed. Wigand describes performing an
antrostomy last through the posterior fontanelle since this is a consistent reference point for safely
entering the maxillary sinus.

According to Wigand, the PA approach gives a clear exposure of the surgical field, reducing the
risk of serious complications and yielding reliable results without long-term crusting. This ap-
proach, however, is more extensive than the AP approach, irrespective of the extent of the disease.
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It is usually combined with a septoplasty (to ensure medial entry into the sphenoid) and involves
routine opening of the sphenoid, frontal, and maxillary sinuses (a pansinus operation). It also re-
quires a certain degree of precision and experience in determining the exact location of the sphe-
noid sinus in the sphenoethmoidal recess. With advanced disease, the anatomy in this area may
be significantly distorted. As with the AP approach, the superior or middle turbinate may be dif-
ficult to identify. There is also great variability when relying on internal measurements alone. The
mean distance from the choanal arch to the sphenoid ostium is 8 mm (range 2-15 mm) (31). The
mean distance from the sphenoid ostium to the skull base is also 8 mm (range 3-17). In addition,
the sphenoid ostium can be even closer to the posterior cribriform plate than the skull base (ap-
proximately 3 mm) (6). As previously noted, anatomical characteristics such as a deviated nasal
septum may force the surgeon to take a more lateral trajectory into the sphenoid sinus, which re-
quires a great deal of experience. Moreover, in the event of inadvertent penetration, the use of suc-
tion tips (as advocated by Wigand) could further enhance the trauma by contusing brain
parenchyma and other neural structures.

In 1994, May and colleagues introduced six friendly anatomical landmarks that are almost al-
ways present despite previous surgery: 1) the arch (or convexity) formed by the posterior edge of
the lacrimal bone, 2) the anterior superior attachment of the middle turbinate, 3) the middle meatal
antrostomy and the bony “ridge” along its superior border formed by the junction of the floor of
the orbit with the lamina papyracea and posterior fontanelle, 4) the lamina papyracea, 5) the nasal
septum, 6) and the arch of the posterior choana (27). Using these landmarks, revision ESS for re-
current or persistent disease in the maxillary, ethmoid, sphenoid, or frontal sinuses can be safely
performed. May was one of the first to acknowledge that in advanced sinus disease anatomical
landmarks such as the uncinate process, basal lamina, and superior or middle turbinate are not
always readily identifiable. He was also one of the first to point out that the floor of the orbit, as
seen through an antrostomy, serves as a consistent landmark from which other structures may be
found. The bony “ridge” of the antrostomy represents the approximate level of the floor of the
orbit as it inclines superiorly toward the orbital apex. This ridge is a useful landmark in identifi-
cation of the lamina papyracea and in locating the posterior ethmoid and sphenoid sinuses. The
posterior ethmoid sinus is located above this ridge and the sphenoid sinus lies below it. When a
maxillary antrostomy is not performed, the natural ostium of the maxillary sinus can be alterna-
tively used to help define the level of the orbit floor. The internal maxillary ostium is found at the
junction of the medial maxillary wall and the floor of the orbit, halfway between the anterior and
posterior maxillary walls and behind the convexity of the nasolacrimal duct.

Despite prior reports that showed great intersubject variability, May and Stankiewicz reintro-
duced the possible clinical efficacy of using standard measurements from the columnella to orient
the surgeon during ESS (28,32). They based this proposal on anecdotal experience and prior ana-
tomical studies by others noting that the distance from the area of the anterior nasal spine to the
sphenoid ostium is approximately 60 mm (range 47-70 mm) (6,35,36). Adding approximately one
more centimeter for the length of the columnellar base would make the mean distance to the sphe-
noid ostium around 70 mm. For this reason, May advocates labeling instruments with colored tape
to warn the surgeon when the anterior face of the sphenoid is reached (approximately 7 cm). How-
ever, there will likely be variability among surgeons” measurements of these distances. In isolation,
these measurements have not been shown to be clinically reliable. Until recently there have been
no studies looking at the columnellar to sphenoid (or posterior ethmoid) measurement as a
reference point when used by itself or in combination with other, more consistent anatomical
landmarks.
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Figure 1 Graph illustrating the minimum, maximum, and mean distances (in mm) and standard devia-
tions (bars) from the columnellar base to the posterior wall of the maxillary sinus (PM) , anterior
wall of the sphenoid sinus (AS), posterior wall of the sphenoid sinus (PS), distal canalicular por-
tion of the optic nerve (ON), carotid artery (CA), and anterior ethmoid artery (AA). The dotted
lines (50 and 90 mm) represent the zone of safety. The solid black line (70 mm) represents the
critical measurement for accessing the sphenoid sinus.

More recently, Schaefer was the first to described a “hybrid technique” that combines the con-
servation goals of the AP approach with the anatomical virtues of the PA approach (26). Surgery
begins with identification and complete removal of the uncinate process. If further surgery of the
ethmoid sinus is warranted, the maxillary natural ostium is enlarged posteriorly or inferiorly
rather than anteriorly to avoid injury to the lacrimal canal. Schaefer notes that this immediately
exposes the level of the orbital floor. Like May, Schaefer recognizes the importance of the medial
orbital floor as a landmark to facilitate identification of the inferior lamina papyrecea prior to pro-
ceeding with an ethmoidectomy. Schaefer advocates removal of the inferior two-thirds of the eth-
moid cells in an AP direction using a 0-degree telescope. Often this involves removal of most, if
not all, of the basal lamella of the middle turbinate to address the drainage area of the posterior
sinuses and to facilitate entry into the sphenoid sinus. If indicated, the sphenoid sinus is entered
inferior to the superior turbinate, at a plane between the middle turbinate and nasal septum. If the
ostium cannot be visualized or palpated, the sphenoid is entered in the inferomedial quadrant of
the anterior wall of the sinus. This approach ensures that the surgeon will maintain a safe distance
from the skull base. After the surgeon identifies the sphenoid sinus roof, the superior extent of
dissection is determined and the ethmoidectomy is completed more superiorly using a 30-degree
telescope.

Schaefer’s approach, like May’s, recognizes the importance of performing an antrostomy prior
to an ethmoidectomy to identify the orbital floor and medial orbital wall. Schaefer was the first to
note the importance of performing an inferior ethmoidectomy before proceeding posteriorly, rec-
ognizing that this directs the surgeon safely away from the skull base as the orbital wall is fol-
lowed posteriorly. As the surgeon proceeds posteriorly, it is the orbital wall that dictates the
trajectory and not some ill-defined and often distorted lamella or turbinate structure, as advocated



Anatomical Landmarks 7

30
25
20 —
Hl Mean
15 [ |EAMin.
O Max.

10

ON CA E AA

Figure 2 Graph illustrating minimum, maximum, and mean distances (in mm) and standard deviations
(bars) from the antrostomy ridge and adjacent MOF to the optic nerve (ON), carotid artery (CA),
roof of the ethmoid (E), and anterior ethmoid artery (AA). The solid black line (10 mm) represents
the initial safe distance from the medial orbital floor, as seen through a middle meatal autrostomy,
when performing an ethmoidectomy.

by proponents of the AP approach. It is only after the sphenoid roof has been identified that a
superior dissection of the ethmoid cavity (if indicated) is performed, as with the PA approach.

Schaefer’s study does not, however, define the vertical extent of the initial “inferior ethmoidec-
tomy” from the level of the medial floor of the orbit. Mosher has shown that the height of the
ethmoid labyrinth ranges from 2.5 to 3 cm (3); however, this height may vary even more depend-
ing on whether it is measured anteriorly or posteriorly. Similarly, the distance of two-thirds of the
ethmoid cells, as described by Schaefer, can be quite variable. The maximum vertical distance per-
mitted for an “inferior ethmoidectomy” as the surgeon proceeds posteriorly before critical skull-
base structures are at risk remains unclear. Similarly, the level of the initial penetration (superiorly
or inferiorly) into the sphenoid if the superior or middle turbinates are absent or distorted is open
to interpretation. As with the AP approach, entering blindly through the “inferior and medial
quadrant” of the anterior sphenoid wall does not clearly define the appropriate point of entry.

Despite their practical clinical utility, May’s and Schaefer’s observations are limited by the lack
of studies to confirm the consistency or reliability of their measures through endoscopic means.
Also, it is not clear how consistent the distance from the medial orbital floor is from the critical
orbital or skull-base structures and how this landmark can be better used to facilitate endoscopic
surgical orientation.

In 2001, Casiano confirmed May’s and Schaefer’s observations on a series of human cadavers
(37). In this study, two examiners, with varying experience in endoscopic sinus surgery, performed
endoscopic and direct measurements from the columnella and medial orbital floor to critical or-
bital and skull-base structures. The distances to four critical skull-base or orbital structures (the
carotid artery, optic nerve, mid-ethmoid roof, and anterior ethmoid artery), and to the anterior and
posterior wall of the sphenoid sinus, were measured. The mean, ranges, and standard deviations
for all measurements (endoscopic and direct) were calculated. In addition, the variability in mea-
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surements between examiners and between the endoscopic and direct measurements was also
determined.

The author found that the mean and range of values for each of the variables correlated well
both between examiners and between endoscopic and direct measurements. The columnellar mea-
surements (Figure 1) appeared to be very consistent between examiners and between endoscopic
and direct measurements. When the antrostomy ridge and adjacent medial orbital floor was used
(Figure 2), there was some slight variability between the individual measurements of the examin-
ers and between endoscopic and direct measurements. However, the differences in measurements
were no more than a few millimeters and did not appear to affect the overall clinical utility of
these values. Casiano concluded that the bony ridge of the antrostomy and adjacent medial orbital
floor, when combined with the use of columnellar measurements, are easily identifiable and con-
sistent anatomical landmarks that provide even the most inexperienced surgeon with reliable in-
formation to navigate through even the most distorted paranasal sinus cavities.
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Surgical Instrumentation, Setup, and Patient Positioning

A. Surgical Instrumentation (Figures 3 and 4)

Very few instruments are actually required to perform ESS. However, as one gains more surgical
experience, there may be a need for additional instrumentation depending on the type of proce-
dure or on the surgeon’s personal preferences. The minimum instrumentation required for most
of the dissections in this manual include: 1) a 30-degree telescope, 2) a 360-degree backbiting for-
ceps, 3) a 360-degree sphenoid punch or forceps, 4) a 4-mm-long curved suction, 5) a 10 or 12
French straight (Frazier) suction with calibrated centimeter markings, 6) a 3.5-mm straight
through-cut forceps, 7) a 3.5-mm upbiting through-cut forceps, 8) a small angled ball probe, and
9) a Cottle periosteal elevator. Powered instrumentation with a 4-mm straight and/or 60-degree
cannula can be used in lieu of forceps to perform an ethmoidectomy and multiple sinusotomies.

For more advanced procedures, a 70-degree telescope is useful to visualize lateral or superior
recesses of the frontal, maxillary, or sphenoid sinus. Curettes of various sizes are useful for remov-
ing thick bone, especially around the frontal ostium or sphenoid rostrum. Powered instrumenta-
tion with cutting or diamond burrs may also be necessary to carefully remove bone around critical
structures such as the lacrimal sac, skull base, optic nerve, or carotid artery.
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Figure 3 Minimum instrumentation required for ESS. A = 30-degree telescope. B = 70-degree telescope
(optional). C = 360-degree backbiting forceps. D = 360-degree sphenoid punch or forceps. E =
3.5-mm upbiting through-cut forceps. F = 3.5-mm straight through-cut forceps. G = 4 mm long
curved suction. H = calibrated straight (Frazier) suction. I = Cottle periosteal elevator. ] = ostium
seeker or ball probe, which is angled at one end and curved at the other.
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Figure 4 Additional instrumentation required for bone and tissue removal around the frontal ostium or
sphenoid rostrum area. These instruments can be useful when performing an extended frontal or
sphenoid sinusotomy. A = giraffe forceps. B = frontal curette. C = frontal rasp. D = angled cervical
spine curette.
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B. OR Setup and Patient Positioning (Figures 5-10)

The surgeon should be sitting or standing comfortably at the patient’s side. A right-handed sur-
geon typically stands on the right side of the patient and a left-handed surgeon stands on the left
side of the patient. If the surgeon chooses to sit, then a Mayo stand (cushioned with a pillow) is
used to rest the arm holding the telescope at a comfortable height over the patient’s head. The
video tower and any intraoperative imaging devices are positioned at the head of the table, facing
the surgeon.

A clear adhesive dressing (e.g., OpSite) is placed over the eye for protection. This allows the
surgeon to visualize and palpate the eyes during the surgical procedure. The patient’s face is
draped to expose only the forehead, eyes, nose, and upper lip. The mouth and endotracheal tube
are typically draped out unless a concomitant sublabial or oral procedure is planned.

The manner in which the telescope is grasped or instrumentation introduced into the nose may
vary depending on the surgeon’s personal preference, the specific length and type of telescope

Figure 5 Standing position.
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Figure 6 Sitting position, resting the elbow on a Mayo stand.

and/or camera, and the specific anatomical area being addressed. Generally, the surgeon deter-
mines which manner is best suited for his or her own hand.

A 30-degree telescope looking laterally is all that is typically necessary for most of the dissec-
tions described in this manual. A 0-degree telescope may also be used, but may limit adequate
visualization of the lateral nasal structures (i.e., maxillary natural ostium, maxillary sinus, supraor-
bital ethmoidal cells, etc.). The axis of the telescope is directed toward the occipital area of the head
and the superior border of the inferior turbinate is kept in view during the initial part of the pro-
cedure until the medial orbital floor is identified through the antrostomy. This keeps the surgeon
directed toward the choanal arch and superior nasopharynx. The telescope is positioned at the na-
soseptal angle with gentle superior retraction of the nasal tip and the surgical instrumentation is
inserted inferior to the telescope.

A 70-degree telescope can be used if further visualization is required into the superior or lateral
recesses of the frontal, maxillary, or sphenoid sinus. The 30-degree or 70-degree telescope is placed
along the floor of the vestibule looking superiorly (as when working around the frontal ostium) or
medially (as when performing a septoplasty). In these cases, the instruments are introduced supe-
rior to the telescope.
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Figure 7 The telescope is grasped comfortably and the instrumentation is introduced inferior to the tele-
scope for most of the procedures.
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Figure 8 The direction that the surgeon is visualizing through an angled telescope corresponds to the di-
rection in which the fiberoptic light cable enters the telescope (arrows). This is one way the sur-
geon can tell which direction he or she is looking at while performing ESS.
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Figure 9 For most of the dissections the 30-degree telescope is directed toward the patient’s occipital area
(arrow), with gentle superior retraction of the nasal tip and ala.
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Figure 10 The instrumentation is introduced superior to the telescope when working around the frontal
ostium.
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Basic Dissection

A. Intranasal Examination (Figure 11)

The structures of the posterior nasal choana (i.e., the eustachian tube opening, choanal arch, pos-
terior septum, and posterior nasopharyngeal wall), along with the inferior turbinate, are routinely
identified with a 0-degree or 30-degree telescope before proceeding with endoscopic surgery of the
paranasal sinuses. Identification of these structures early on establishes the anteroposterior dimen-
sions of the nasal airway, provides a drainage route for blood into the nasopharynx, and facilitates
the introduction of endoscopic surgical instrumentation and telescopes. Hypertrophied middle
and/or inferior turbinates, and/or a septal spur or deviation obstructing the nasal airway or lim-
iting endoscopic exposure, are addressed prior to proceeding with any sinus work. When bilateral
polyp disease is present, a bilateral nasal polypectomy is performed first to re-establish the antero-
posterior dimensions of the nose, as well as to facilitate the placement of a contralateral naso-
pharyngeal suction.

Hemostasis and adequate nasal exposure and evacuation of blood are imperative, especially
when addressing advanced inflammatory disease of the nose and paranasal sinuses. A separate
contralateral suction is used for the continuous evacuation of accumulated blood and debris from
the nasopharynx. The nose is topically decongested and infiltrated with vasoconstrictive agents.
Monopolar or bipolar suction cautery is helpful if discrete bleeding vessels are encountered during
surgery. However, excessive cauterization should be avoided to minimize crusting and prolonged
healing in these areas.

19
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(c)

Figure 11

Sagittal (a) and endoscopic (b and c) views of the internal nasal structures. IT = inferior turbi-
nate. MT = middle turbinate. ST = superior turbinate. SP = supreme turbinate. IM = inferior
meatus. MM = middle meatus. Asterisks = sphenoethmoidal recess. LS = lacrimal sac. D = lac-
rimal duct. PF = posterior fontanelle. NS = nasal septum. ET = eustachian tube orifice. Small
arrows in the endoscopic view denote the posterior choanal arch.
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B. Inferior Turbinoplasty (Figure 12)

An endoscopic inferior turbinoplasty may be indicated when there is poor endoscopic visualiza-
tion of the nasal and posterior choanal structures or nasal obstruction due to turbinate hypertro-
phy (38,39). Frequently, the turbinate bone is the primary cause of turbinate hypertrophy and nasal
obstruction (40). The inferior edge of the inferior turbinate, adjacent to the nasal floor, is incised or
de-epithelialized to expose the turbinate bone along its entire extent with a 30-degree telescope
looking slightly superolaterally. A medial mucosal flap is raised and the turbinate bone is partially
or totally removed in a piecemeal fashion. To minimize the chance of secondary maxillary sinusi-
tis, care should be taken to avoid fracturing the inferior turbinate lamellar attachment to the lateral
nasal wall (41). For additional airway space, the lateral (inferior meatal) mucosal flap is trimmed
as needed. At the completion of the procedure, the medial and lateral mucosal flaps are reapposed
along the entire anteroposterior extent of the inferior turbinate. This minimizes the chance of pro-
longed crusting due to exposed bone (osteitis) or de-epithelialized surfaces.

Figure 12 Dotted line demarcates the incision for an inferior turbinoplasty. This can be performed with a
cutting forceps, sickle knife, or powered instrumentation.
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C. Septoplasty (Figures 13 and 14)

A significant septal spur or deviation may preclude adequate endoscopic visualization or ad-
versely affect nasal airway patency. In these cases an endoscopic septoplasty may be indicated
(42-45). An endoscopic septoplasty begins with the elevation of an L-shaped posterosuperiorly
based mucoperiochondrial flap. The 30-degree telescope is rotated to look slightly superomedially.
Care is taken to place the vertical portion of the incision immediately anterior to the deviated area
to facilitate cartilage or bone removal. The mucosal incision should be made only through the mu-
cosa on the ipsilateral side. The horizontal portion of the incision is made perpendicular to the
vertical incision at the junction of the floor and nasal septum or just slightly superior to this point,
depending on the extent of the deviation. The contralateral mucoperichodrium is identified and
preserved, especially at the incision area, to avoid the chance of a permanent septal perforation.
The septal spur or deviated portion of the nasal septum is removed and the mucoperichondrial
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Figure 13 Endoscopic view showing the proposed incision (dotted line) for the L-shaped posterosuperiorly

based mucoperichondrial flap. NS = nasal septum. MT = middle turbinate. IT = inferior turbi-
nate. Asterisk denotes a septal spur.
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Figure 14 Endoscopic view showing the ipsilateral mucoperichondrial flap (arrows) is elevated toward the
inferior turbinate. Bone or cartilage is carefully removed while preserving the contralateral
mucoperichondrium (MP).

flap is returned to its normal position. Occasionally it is necessary to remove a strip of perpendic-
ular plate cartilage or bone inferior to the rhinion area in order to free up a caudal deflection. Nev-
ertheless, a dorsal and caudal strut of septal cartilage is always preserved to avoid the chance of
septal collapse and saddle-nose deformity. At the conclusion of the procedure, the vertical septal
incision may be sutured, although this is usually not necessary unless the flap interferes with the
introduction of the telescope or instruments. Otherwise, blood is allowed to drain through the hor-
izontal incision to minimize the chance of hematoma formation. Packing or basting sutures are
generally not required unless the septal incisions are sutured.
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D. Middle Turbinoplasty (Figures 15 and 16)

When the middle turbinate is enlarged, a middle turbinoplasty may be indicated (46,47). Middle
turbinate enlargement may be due to mucosal hypertrophy or a concha bullosa. Middle turbinate
reduction may be indicated to improve access to the middle meatal structures. It may also be nec-
essary for sphenoethmoidal recess and sphenoid ostium exposure.

A conservative reduction of the middle turbinate head may be performed whereby visualization
of the middle or superior meatal structures is improved without adversely affacting olfaction, os-
tial drainage from the anterior ethmoids or frontal sinuses, or the patient’s airway (48,49). Care is
taken to sharply resect the middle turbinate head while not fracturing or de-epithelializing the
vertical lamella of the middle or superior turbinates adjacent to the olfactory cleft. The mucosal
membranes on the medial and lateral aspect of the turbinate are also preserved, especially around
the “axilla” of the middle turbinate. When a concha bullosa is reduced, a greater portion of the
medial lamella is preserved to protect the olfactory cleft.

.l? e

ﬁ‘ 47
“ YL
.._'. “"U‘-’ "-.’

’l&

Figure 15 Sagittal view denoting the extent of middle turbinate head resection (dotted line) to expose the
middle meatal or sphenoethmoidal recess structures. The vertical lamella of the middle turbi-
nate and the superior turbinate are left undisturbed and unfractured.
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Figure 16 Sagittal (a) and endoscopic (b) views after middle turbinoplasty. The circle demarcates the naso-
lacrimal duct convexity in the anterior lateral nasal wall. IT = inferior turbinate. T = tail of the
middle turbinate. B = ethmoid bulla. U = uncinate process. PF = posterior fontanelle with an
accessory maxillary sinus ostium. The solid inverted S-shaped line in the sagittal view denotes
the basal lamella of the middle turbinate as it courses toward the orbital wall. H = horizontal
portion of the basal lamella, where one would typically enter the posterior air cells in distorted
sinus cavities. V = vertical portion of the basal lamella separating the suprabullar air cells from
the superior posterior ethmoid air cells. Small arrows represent the vertical lamella of the mid-
dle turbinate.
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E. Uncinectomy and Identification of the Maxillary Natural Ostium (Figures 17-19)

Using an angled probem the uncinate process, hiatus semilunaris, and infundibulum are identi-
fied. The uncinate process is gently backfractured with an angled probe and carefully removed
with a backbiting forceps or powered instrumentation to expose the lateral (orbital) wall of the
infundibulum and maxillary sinus natural ostium. Care is taken to conserve the mucosal mem-
branes of the adjacent lateral infundibular wall and ethmoid bulla. In addition, the tail or postero-
inferior remnant of the uncinate may occlude the natural ostium. This must be identified and
removed in order to see the natural ostium of the maxillary sinus. The superior border of the nat-

Figure 17 Sagittal (a) and endoscopic (b) views illustrating the degree of uncinate resection (dotted line)
just behind the convexity of the nasolacrimal duct. B = ethmoid bulla. The small circle denotes
the approximate location of the maxillary sinus natural ostium behind the uncinate process.
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ural ostium demarcates the junction of the medial orbital floor (MOF) with the lamina papyracea.
The lateral wall of the infundibulum demarcates the medial orbital wall (inferiorly).

For more limited disease of the ostiomeatal complex, an uncinectomy, exposure of the maxillary
natural ostium, and a limited antrostomy may be all that is necessary. However, if there is signif-
icant anatomical distortion, then the MOF should be identified through a wide middle meatal
antrostomy prior to proceeding with an ethmoidectomy. As the surgeon gains more experience,
this step may merely require vizualizing the superior margin of the maxillary sinus natural ostium
(representing the anterior MOF), obviating the need for a wider antrostomy.

(b)
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Figure 18 Sagittal view with a probe through the inferior hiatus semilunaris into the maxillary sinus nat-
ural ostium.

Figure 19 Sagittal (a) and endoscopic (b) views after uncinate resection, illustrating the maxillary sinus
natural ostium (M), the lateral (orbital) wall of the infundibulum (I), ethmoid bulla (B), and pos-
terior fontanelle (PF) area. The uncinate tail occasionally is not completely removed and may
lateralize, occluding the maxillary sinus natural ostium and preventing its visualization.
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F. Middle Meatal Antrostomy (Figures 20-23)

In patients with more advanced disease and/or anatomical distortion due to prior surgery, a wider
antrostomy is generally recommended (26-28,37). This immediately identifies the horizontal and
vertical bony ridge of the antrostomy, the MOF, and the posterior wall of the maxillary sinus.
Combining these three anatomical landmarks with simple-to-use columnellar measurements pro-
vides the surgeon with extremely accurate anatomical information that maintains the surgeon’s
endoscopic orientation as he or she proceeds posteriorly along the ethmoid sinus into the sphe-
noid sinus. This is especially important in distorted sinus cavities (see Sections G and H below, on
anterior and posterior ethmoidectomy). The antrostomy ridge correctly identifies one’s location
within the ethmoid sinus (i.e., the anterior versus posterior ethmoid cells). The MOF helps in
maintaining the correct anteroposterior trajectory as the surgeon proceeds toward the sphenoid
sinus. The posterior wall of the maxillary sinus demarcates the relative level of the anterior sphe-
noid sinus in the coronal plane.

Figure 20 Sagittal (a) and endoscopic (b) views showing the site of blind entry into the maxillary sinus
through the posterior fontanelle area (vertical line). Asterisk = horizontal portion of the middle
turbinate basal lamella. MT = tail of middle turbinate. B = bulla. I = lateral (orbital) wall of the
infundibulum. M = maxillary sinus natural ostium. IT = inferior turbinate.
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In the absence of any “normal” ostiomeatal complex landmarks, or when there is difficulty iden-
tifying the natural ostium of the maxillary sinus, the maxillary sinus should be entered through
the posterior fontanelle, superior to the posterior one-third of the inferior turbinate. This approach
will ensure that the surgeon remains a safe distance from the orbit floor, which rises superiorly at
this level. Once the posterior wall of the maxillary sinus and MOF have been identified, by palpa-
tion with a probe and endoscopic visualization, a wide antrostomy is created by removing most
of the posterior fontanelle and connecting it to the area of the maxillary natural ostium anteriorly.

When performing an antrostomy through the posterior fontanelle area, care must be taken that
the nasal, as well as the medial maxillary sinus mucosa, is penetrated. Failure to do so may result
in the formation of a maxillary sinus cyst, or mucocele, due to lateral elevation of the medial max-
illary sinus mucosa and concomitant disruption of the natural ostium.

The site of the natural ostium is incorporated into the maxillary antrostomy to reduce the
chances of circular mucus flow. When the natural ostium is not clearly visible, this is best achieved
by removing tissue in a retrograde fashion following the MOF and the horizontal portion of the

(b)
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Figure 21 Sagittal (a) and endoscopic (b) views showing a wide middle meatal antrostomy. The vertical
line in the sagittal view denotes the approximate level of the maxillary sinus posterior wall,
sphenoid sinus anterior wall, and orbital apex, in the coronal plane. These critical anatomical
structures lie approximately 7 cm from the columnellar base. In advanced cases an inferior eth-
moidectomy is performed, keeping within 10 mm of the horizontal and vertical antrostomy
ridge as one proceeds inferomedially into the sphenoid sinus adjacent to the nasal septum (dot-
ted arrow). S = sphenoid. PE = posterior ethmoid.

antrostomy ridge to a point just behind the convexity of the nasolacrimal duct. At this point the
MOF appears to be approximating the lamella of the inferior turbinate.

The MOF and bony ridge of the antrostomy provide the correct anteroposterior trajectory as the
surgeon proceeds posteriorly into the posterior ethmoid and sphenoid sinuses. The MOF must al-
ways be kept in view and be constantly referred to throughout the surgery. Failure to visualize the
superior margin of the antrostomy may cause the surgeon to proceed in a more superior direction
toward the skull base.

The camera alignment on the monitor screen must also be periodically checked to ensure that
the camera has not been inadvertently rotated. The endonasal anatomy is aligned so that the upper
border of the monitor screen corresponds to the superior direction anatomically. The opening of
the antrostomy should face medially in the sagittal plane (parallel to the nasal septum), with the
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horizontal portion of the antrostomy ridge and adjacent MOF projecting in an anteroposterior di-
rection toward the orbital apex. The posterior wall of the maxillary sinus as seen through the
antrostomy demarcates the approximate level of the anterior wall of the sphenoid sinus, or poste-
rior wall of the posterior ethmoid, in the coronal plane.
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Figure 22 Sagittal (a) and endoscopic (b) views showing a wide middle meatal antrostomy. The horizontal
and vertical ridge of the maxillary antrostomy (arrows) and adjacent MOF correctly identify the
surgeon’s location within the ethmoid sinus and helps maintain the correct anteroposterior tra-
jectory as he or she proceeds toward the sphenoid sinus. The posterior wall of the maxillary
sinus (PM) demarcates the relative level of the anterior wall of the sphenoid sinus in the coronal
plane. The asterisk denotes the maxillary sinus natural ostium incorporated into a wide middle
meatal antrostomy. Note the location of the maxillary sinus natural ostium adjacent to the MOF
and several millimeters behind the convexity of the nasolacrimal duct (oval). B = inferior wall
of the ethmoid bulla. Small arrows denote infraorbital nerve coursing along the orbital floor.
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Figure 23 Endoscopic view of improperly aligned camera. The camera is rotated 30 degrees counterclock-
wise. The solid black line points superiorly. The unsuspecting surgeon may inadvertently pen-
etrate the orbital wall thinking he or she is dissecting “superiorly” into the ethmoid cavity on
the monitor. Conversely, the roof of the ethmoid may be penetrated if one incorrectly judges the
direction of dissection “medially” on the monitor.
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G. Anterior Ethmoid Air Cells (Figures 24 and 25)

The anterior ethmoid air cells run medial to the horizontal antrostomy ridge. In advanced disease
or distorted cavities, the surgeon first performs an inferior ethmoidectomy (anterior and/or pos-
terior, depending on the extent of disease) to identify the medial orbital wall inferiorly (26,37). At
this point, the surgeon must begin to regularly palpate the eye prior to exenterating any additional
ethmoidal cells. By looking for movement in the orbital wall, bony dehiscence will be identified.
A good exercise is to fracture or remove a small piece of bone from the lamina papyracea to illus-
trate this movement while palpating the eye. The orbital wall, once identified, represents the lat-
eral limits of one’s dissection and is followed posteriorly or superiorly as needed (see Sections H
and I, on posterior ethmoid and sphenoid dissection).

In advanced disease, the surgeon initially maintains a safe distance of approximately 10 mm as
he or she proceeds around the antrostomy ridge (37). This corresponds to the approximate size of
a large upbiting forceps. The inferior posterior ethmoid and sphenoid are identified (as described
below) prior to dissection of the more superior ethmoid air cells.
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Figure 24 Sagittal (a) and endoscopic (b) views with ethmoid bulla opened. B = ethmoid bulla. I = lateral
infundibular wall. The junction of the medial orbital floor (MOF) with the lamina papyracea
makes up the superior margin of the maxillary sinus natural ostium (asterisk).
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Figure 25 Sagittal (a) and endoscopic (b) views illustrating an inferior ethmoidectomy. In advanced cases,
the surgeon initially maintains a safe distance of approximately 10 mm (solid arrows) as he or
she proceeds around the antrostomy ridge (dotted arrow) toward the sphenoid sinus (S).
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H. Posterior Ethmoid Air Cells (Figures 26 and 27)

The posterior ethmoid cells may be entered safely through the most horizontal portion of the mid-
dle turbinate lamella. Endoscopically visuale an imaginary line perpendicular to the nasal septum
from the posterior MOEF, another line along the vertical antrostomy ridge, and a third along the
free edge of the middle turbinate basal lamella, forming a triangle. The triangle demarcates the
zone of safe entry into the inferior aspect of the posterior ethmoid sinus (i.e., through the horizon-
tal portion of the middle turbinate’s basal lamella) (37).

Once the lateral (orbital) wall of the posterior ethmoid has been identified, the surgeon may pro-
ceed with further dissection of the superior cell(s) of the posterior ethmoid or suprabullar area,
thus completing the total ethmoidectomy. The vertical portion of the middle turbinate basal
lamella more anterosuperiorly, or other ethmoid septations are carefully removed in a posteroan-
terior and superoinferior direction. Initially, the surgeon restricts the dissection to an area adjacent
to the orbital wall and lateral ethmoid roof where the bone is thickest. Additional passes along the
medial ethmoid roof are then performed to open up more medially located cells, once the roof of

Figure 26 Sagittal (a) and endoscopic (b) views denoting the triangular zone of safe entry (asterisk) into
the inferior posterior ethmoid through the horizontal portion of the basal lamella (solid line).
MT = tail of the middle turbinate. B = area of ethmoid bulla. IT = inferior turbinate.
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the ethmoid is identified laterally. The surgeon should observe that the roof of the anterior eth-
moid roof slopes medially by as much as 45 degrees.

The mucosa along the orbital wall and ethmoid roof is left undisturbed, whenever possible, to
avoid granulations, osteitis, prolonged healing, osteoneogenesis, and fibrosis. Only the mucosa
overlying the septations is removed. This can be facilitated by the use of cutting forceps or pow-
ered instrumentation.

(b)
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Figure 27 Sagittal (a) and endoscopic (b) views after removal of the middle turbinate basal lamella. The
vertical portion of the basal lamella (arrows) separates the superior aspect of the posterior eth-
moid from the suprabullar air cells. PE = posterior ethmoid. B = area of ethmoid bulla.
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I.  Sphenoid Sinusotomy (Figures 28-34)

The sphenoid ostium is located medial to the tail of the superior and supreme turbinate and adja-
cent to the nasal septum, approximately 7 cm from the nasolabial angle of the columnella (37). This
area corresponds to the middle third of the sphenoid sinus’ vertical height.

A direct sphenoid sinusotomy may be performed without performing an ethmoidectomy or
antrostomy. The superior turbinate is exposed endoscopically by reducing the middle turbinate
head (as previously described). With a straight ball probe or Cottle periosteal elevator, the surgeon
gently palpates the area immediately adjacent to the tail of the superior turbinate and then
progresses further superiorly until the sphenoid sinus is entered and the posterior wall is pal-
pated. The posterior wall of sphenoid sinus measures approximately 9 cm from the base of the
columnella. The sphenoid is initially opened inferiorly and medially with a sphenoid punch or
powered instrumentation. The sphenoid ostium is enlarged laterally only after confirming an air-
containing space behind its common wall with the posterior ethmoid sinus. Blind removal,
without confirming an air-containing space, can result in inadvertent injury to the intrasphenoidal
carotid artery.

Figure 28 Sagittal (a) and endoscopic (b) view showing a probe through the natural ostium of the sphenoid
sinus (S), which lies adjacent to the nasal septum (NS) and superomedial to the tail of the supe-
rior turbinate (ST).
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When significant anatomical distortion exists in the area of the sphenoethmoidal recess, and the
posterior insertion of the superior turbinate is not clearly visible, then the MOF is used to deter-
mine the approach into the sphenoid sinus. In these situations, the sphenoid sinus is entered and
identified medially adjacent to the nasal septum, approximately 7 cm from the base of the colum-
nella, at the level of the posterior MOF along the horizontal ridge of the antrostomy. When the
posterior MOF is used, the sphenoid sinus will be entered consistently in its inferior to middle
third. In most cases, this area also corresponds to the location of the sphenoid ostium. If the max-
illary natural ostium (or anterior antrostomy ridge) is used as a reference point, then the sphenoid
will be entered slightly more inferiorly, where thicker bone may be encountered. Entering the
sphenoid medially, through the area of its natural ostium, obviates the possibility of inadvertent
injury to the intrasphenoid carotid artery located more laterally. The latter may occur when a blind
transethmoidal entry into the sphenoid sinus, lateral to the tail of the superior turbinate, is per-
formed. Entering the sphenoid medially permits enlargement of the normal sphenoid ostium, thus
restoring the normal mucociliary flow of the sphenoid sinus. It also minimizes the chance of cre-
ating a separate drainage area through the back wall of the posterior ethmoid sinus.

(b)
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Figure 29 Sagittal (a) and endoscopic (b) views showing the approximate level of entry into the sphenoid
sinus if the posterior MOF (solid arrow) versus the anterior MOF (dotted arrow) are used. Using
the posterior MOF will guide the surgeon into the middle third of the sphenoid sinus (S). This
corresponds to the area of the sphenoid natural ostium. The anterior MOF or maxillary natural
ostium area will guide the surgeon slightly more inferiorly through harder bone, into the infe-
rior third of the sphenoid. The dotted line represents the posterosuperior angulation of the or-
bital floor toward the orbital apex. PE = posterior ethmoid.



Basic Dissection 51

A

'.

\

‘ 4. . R

(b)



52 Chapter 3

Figure 30 Sagittal view showing the usual trajectory of dissection when the MOF and antrostomy ridge are
kept in view at all times.
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Figure 31 Sagittal view showing the columnellar measurements to the anterior face of the posterior eth-
moid (horizontal portion of the middle turbinate basal lamella) at the MOF level (dotted arrow).
This measurement is approximately 5 cm. The solid arrow denotes the columnellar measure-
ment to the anterior face of the sphenoid sinus (S) or posterior wall of the posterior ethmoid
sinus (PE) at the MOF level. This measurement is generally around 7 cm.
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Figure 32 Endoscopic view showing the sphenoid ostium (asterisk), which has been enlarged inferiorly
and medially. ST = superior turbinate. MT = middle turbinate. PE = posterior ethmoid. M =
maxillary sinus. Arrows denote the antrostomy ridge.

Figure 33 Sagittal (a) and endoscopic (b) views after completion of sphenoethmoidectomy. The sphenoid
ostium has also been enlarged medially and inferiorly toward its floor. The common wall be-
tween the sphenoid (S) and posterior ethmoid (PE) has been removed. Note the relationship of
these cavities to the MOF (arrow). Most of the posterior ethmoid cavity is located above this
line. Conversely, most of the sphenoid is located below this line. MT = tail of middle turbinate.
B = area of ethmoid bulla. I = infundibular wall.
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Figure 34 Sagittal (a) and endoscopic (b) views illustrating the relationship between the horizontal (black
dotted line) and vertical (white dotted line) ridge of the antrostomy and the adjacent anterior
ethmoid or ethmoid (B) and the posterior ethmoid sinus (PE). The transition area (solid white
line) between the horizontal and vertical ridge represents the approximate level where the pos-
terior ethmoid is entered more laterally to this point, through the horizontal portion of the mid-
dle turbinate basal lamella.
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J.  Frontal Sinusotomy (Figures 35 and 36)

The frontal sinus is identified by drawing a line parallel to the bony nasolacrimal duct and di-
rected superiorly from the anterior border of the antrostomy (i.e., natural ostium area) to a point
5 to 10 mm behind the anterior attachment (axilla) of the middle turbinate. The correct point of
entry will be directed superomedially away from the wall of the orbit and anteriorly away from
the anterior ethmoid artery. The anterior ethmoid artery is located an average of 20 mm (range
17-25 mm) from the anterior attachment of the middle turbinate (50).

Palpation of the frontal sinus” posterior wall is the key to identifying the frontal sinus and open-
ing the frontal sinus ostium. The septations that comprise the roof of the suprabullar cells, and the
agger nasi or frontal cells, are gently displaced anteroinferiorly with the angled probe to avoid

Figure 35 Sagittal (a) and endoscopic (b) views after uncinectomy and identification of the maxillary nat-
ural ostium. The frontal recess is identified by drawing a line (solid arrow) parallel to the bony
nasolacrimal duct (oval) and directed superiorly from the natural ostium area to a point 5 to 10
mm behind the anterior attachment of the middle turbinate (asterisk). The correct point of entry
will be directed superomedially away from the wall of the orbit and adjacent to the middle tur-
binate vertical lamella (MT). B = area of the ethmoid bulla. I = lateral wall of the infundibulum.
IT = inferior turbinate.
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inadvertent penetration into the anterior cranial fossa at the level of the anterior ethmoid artery.
An upbiting forceps or giraffe forceps is used to carefully collect the bony fragments. As with the
ethmoid, maxillary, and sphenoid sinuses, an attempt is made to preserve as much as possible of
the frontal recess and frontal ostium mucosa circumferentially to diminish the chance of prolonged
healing, fibrosis, or osteoneogenesis, and subsequent ostial stenosis or complete closure. Through-
cut forceps or powered instrumentation with angled cannulas can be used effectively for this pur-
pose. In the presence of osteoneogenesis or fibrosis, more advanced endoscopic procedures may
be required (see Section G below).

Transillumination can be used to confirm one’s position in the frontal sinus. When the frontal
sinus is correctly identified the telescope’s light will transilluminate the frontal area. A supra-
orbital extension of an ethmoid cell will transilluminate in the medial canthal area.

(b)
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Figure 36
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Sagittal (a) and endoscopic (b) views after completion of total ethmoidectomy and maxillary
antrostomy. The frontal sinus is identified by drawing a line (solid arrow) parallel to the bony
nasolacrimal duct (oval) and directed superiorly from the anterior border of the antrostomy or
maxillary sinus natural ostium area to a point 5 to 10 mm behind the anterior attachment of the
middle turbinate (asterisk). The correct point of entry will be directed superomedially away
from the wall of the orbit and anteriorly away from the anterior ethmoid artery (AA). S = sphe-
noid sinus. PE = area of the posterior ethmoid sinus. B = area of the ethmoid bulla. I = infundib-
ular area. M = maxillary sinus. PA = posterior ethmoid artery.



(b)
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Advanced Dissections

A. Sphenopalatine and Vidian Foramen and Pterygomaxillary Fossa (Figures 37-41)

Identification of the sphenopalatine foramen and pterygomaxillary fossa may be indicated in cases
when posterior epistaxis requires endoscopic cauterization or ligation of the sphenopalatine or in-
ternal maxillary vessels (51-53). Exposure and control of these vessels may also be necessary dur-
ing an endoscopic resection of a juvenile angiofibroma or other nasopharyngeal neoplasms
(54-57).

The sphenopalatine foramen is circular or oval, and is usually found a few millimeters superior
to the tail of the middle turbinate. Occasionally it consists of two separate openings: a larger su-
perior opening, with the neurovascular pedicle supplying the superolateral nasal wall and sep-
tum, and a smaller inferior opening, with the neurovascular pedicle supplying the inferolateral
nasal wall and inferior turbinate (58). The septal (nasopalatine) neurovascular pedicle can be seen
coursing toward the posterior nasal septum and rostrum just inferior to the ostium of the sphenoid
sinus and tail of the superior turbinate. Because this branch is often transected in the course of a
sphenoid sinusotomy, it requires cauterization. The remaining branches of the sphenopalatine ar-
tery supply the lateral nose and anastomose with terminal branches of the labial artery (from the
external carotid artery) and the anterior and posterior ethmoid arteries (from the internal carotid
artery).

The vidian nerve carries parasympathetic fibers to the nose and paranasal sinuses. The vidian
nerve is found coursing along the floor of the lateral sphenoid sinus in a posteroanterior direction.

63
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Figure 37 Sagittal (a) and endoscopic (b) views representing the approximate level of the sphenopalatine
(SP) and vidian (V) foramina slightly superior to the insertion of the middle turbinate tail (MT).
The sphenopalatine foramen may also be found posteromedial to the vertical antrostomy ridge
and approximately half the distance between the posterior MOF and the lamellar insertion of
the inferior turbinate into the lateral nasal wall (dotted lines).

The easiest way to visualize the nerve is to expose the sphenopalatine foramen first. A wide sphe-
noid sinusotomy is then performed to determine the level of the sphenoid floor. The vidian fora-
men may be found along the inferior bony face of the sphenoid immediately posterior and
perpendicular to the sphenopalatine foramen. Nerve fibers enter directly into the pterygomaxil-
lary fossa immediately lateral to the vidian foramen.

The pterygomaxillary fossa can be exposed by removing the vertical ridge of the antrostomy
and adjacent thin posterior bony wall of the maxillary sinus through the middle meatal antros-
tomy. The internal maxillary artery and its branches, the sympathetic and parasympathetic nerve
plexus, veins, and buccal fat can be seen within the pterygomaxillary fossa. Superiorly, the infra-
orbital nerve may be seen coursing toward the foramen rotundum superolateral to the vidian
foramen.
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Figure 38 Endoscopic view showing the sphenopalatine foramen (arrows) posteromedial to the vertical
antrostomy ridge. S = sphenoid sinus. M= posterior wall of the maxillary sinus.
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Figure 39 Endoscopic view showing the vidian foramen (arrows) directly posterior and perpendicular to
the sphenopalatine foramen (SP). S = sphenoid sinus.
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Figure 40 Sagittal view of the pterygomaxillary fossa. The thin bony posterior maxillary sinus wall (small
black arrows), buccal fat, and neurovascular plexus have been removed to expose the vidian
foramen (V), foramen rotundum (R), pterygopalatine canal, and greater palatine neurovascular
pedicle passing to the greater palatine foramen (P). The last is usually found adjacent to the sec-
ond molar in the hard palate. The course of the vidian, infraorbital, and greater palatine nerves
through the pterygopalatine fossa has been marked with black wire. The small white arrows
denote the infraorbital nerve. S = sphenoid. PE = posterior ethmoid sinus.
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Figure 41 Endoscopic view showing the internal maxillary artery (IM) running superiorly behind the pos-
terior wall of the maxillary sinus in the pterygomaxillary fossa. S = sphenoid sinus.
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B. Anterior and Posterior Ethmoid Arteries (Figure 42)

Endoscopic ligation or cauterization of the anterior ethmoid artery has been advocated in select
cases with anterior epistaxis (59,60). The anterior and posterior ethmoid arteries are terminal
branches of the internal carotid artery. They can be seen penetrating the periorbita into their
respective bony canals coursing through the roof of the ethmoid sinus (50). The anterior and pos-
terior ethmoid arteries re-enter the cranial cavity medially, directly anterior and posterior to the
cribriform plate, respectively. Both arteries give off a meningeal branch to the dura as they re-enter
intracranially.

Figure 42 Sagittal (a) and endoscopic (b) views after removal of the lamina papyracea from the anterior
ethmoid area. P = posterior ethmoid artery. A = anterior ethmoid artery. F = frontal sinus os-
tium. The transition area from the ethmoid roof to the posterior wall of the frontal sinus is seen
just anterosuperior to the anterior ethmoid artery (small arrows). Inadvertent intracranial pene-
tration through this wall results in CSF rhinorrhea.
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C. The Nasolacrimal System and Dacryocystorhinostomy (Figures 43—47)

In select cases, an endoscopic dacryocystorhinostomy may be indicated when epiphora is due to
nasolacrimal duct obstruction (61-66). The nasolacrimal sac is found anterior to the most anterior
attachment of the middle turbinate in the lateral nasal wall (67,68). The nasolacrimal duct courses
slightly diagonal and parallel to the uncinate process in a posteroinferior direction toward the in-
ferior meatus. The nasolacrimal duct may be divided into two parts: 1) a bony nasolacrimal duct
and 2) a membranous nasolacrimal duct. The bony nasolacrimal duct has a bony wall circumfer-
entially and is typically identified as a prominent convexity in the lateral wall of the nose running
adjacent to the anterior middle meatal margin. The bony wall may be very thin posteriorly, adja-
cent to the uncinate process or maxillary natural ostium. The membranous nasolacrimal duct is
located in the inferior meatus and consists of a membranous medial wall and a bony lateral wall.

Figure 43 Sagittal view outlining the lacrimal sac (S) and duct (D). Small arrows denote the common wall
with the agger nasi cell. MT = middle turbinate. IT = inferior turbinate.
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Figure 44 Endoscopic view showing Hasner’s valve (small arrows). A membranous canal can be followed
superiorly until the edge of Hasner’s valve is encountered. A small probe can be used to elevate
the membranous wall away from the lateral nasal wall.

The membranous medial wall collapses into the lumen and functions as a one-way valve
(Hasner’s valve) to minimize retrograde flow of secretions or air into the nasolacrimal duct and
sac. Hasner’s valve may be seen traversing the inferior meatal wall in its anterior one-third. With
a small probe, a mucosal canal can be followed superiorly to identify Hasner’s valve and the
lacrimal ostium. Occasionally, Hasner’s valve is absent. In these cases a patulous opening looking
into the bony nasolacrimal duct may be seen in the superior recess of the inferior meatus adjacent
to the inferior turbinate lamella.
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(a)

Figure 45 Sagittal (a) and endoscopic (b) views with the lacrimal sac and duct marsupialized by com-
pletely removing the medial bony and membranous wall. S = lacrimal sac. D = lacrimal duct.
MT = middle turbinate. IT = inferior turbinate.
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(a)

Figure 46 Sagittal (a) and endoscopic (b) views after removing an anterior segment of inferior turbinate to
expose the entire course of the nasolacrimal duct. Small arrows denote the resected edges of the
inferior lacrimal sac and duct. Probe illustrates Hasner’s valve (H). MT = middle turbinate.
IT = inferior turbinate. IM = inferior meatus.
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Figure 47 Sagittal view illustrating a patulous opening and absent Hasner’s valve. A patulous opening is
encountered superiorly in the inferior meatus in some cases. Small arrows illustrate the mem-
branous canal leading up to the nasolacrimal opening. IT = inferior turbinate.
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D. Orbital Decompression (Figures 48-50)

Orbital decompression may be indicated for a patient with an orbital abscess, periorbital or orbital
hematoma, or severe Graves” ophthalmopathy with exposure keratitis and threatened visual loss
(69-79). When a subperiosteal abscess is present, only the lamina papyracea needs partial or com-
plete removal to ensure adequate drainage of the abscess loculations into the nose. This may re-
quire exposing the periorbita over the superomedial or inferomedial orbital walls to ensure
adequate drainage of all potential abscess loculations. Nasal packing is usually avoided. The peri-
orbita is left intact.

For patients with Graves” ophthalmopathy, the lamina papyracea and MOF are removed medial
to the infraorbital nerve through a wide antrostomy. Postoperative diplopia is possible, but may
be minimized by preserving the horizontal ridge of the antrostomy (80). The periorbita is incised
to allow herniation of orbital fat into the ethmoid and maxillary sinus cavities. The latter generally
allows for approximately 4-5 mm of orbital decompression. This may have to be combined with
a lateral orbital decompression through an external approach. Care is taken not to occlude the
maxillary, frontal, or sphenoid ostia with orbital fat, as this may result in secondary ostial obstruc-
tion and rhinosinusitis (81,82). In these situations an extended middle meatal, frontal, and/or
sphenoid sinusotomy may be prudent.

Figure 48 Endoscopic view showing careful elevation and piecemeal removal of lamina papyracea (ar-
rows) away from the periorbita (P). Periorbital abscesses and hematomas occur in this space.
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(a)

Figure 49 Sagittal (a) and endoscopic (b) views denoting longitudinal incisions for orbital fat decompres-
sion as performed for Graves’ ophthalmopathy.
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Figure 50 Endoscopic view with orbital fat extending into the ethmoid cavity.
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E. Optic Nerve Decompression and the Carotid Artery (Figure 51)

In patients with worsening visual acuity due to traumatic neuropathy or neoplastic compression,
an optic nerve decompression may be indicated (83-86). The orbital apex may be found by follow-
ing a line from the superior vertical ridge of the antrostomy to the roof of the posterior ethmoid
sinus adjacent to the orbital wall. It is located at the same level as the posterior wall of the maxil-
lary sinus in the coronal plane, and approximately 7 cm from the columnella. The canalicular por-
tion of the optic nerve is identified as it takes an abrupt turn medially at this point as it courses
toward the optic chiasm. The thicker bone in this area is carefully thinned with a diamond bur and
removed with a periosteal elevator. In the laboratory this can be carefully performed utilizing a
bone curette. The length of the canalicular portion is approximately 8-12 mm. The optic nerve
sheath is continuous with the dura mater in this area. Incision of this thick sheath reveals the optic
nerve. The space around the nerve is continuous with the subdural space and results in a CSF leak
if left open to the nasal cavity. Therefore, if the optic nerve sheath is opened, one must be prepared
to close the CSF leak with a small mucoperichondrial graft.

The intrasphenoid carotid artery runs in a posteroinferior to anterosuperior direction, giving it
the appearance of an inverted S. Its most anterior (cavernous) segment runs immediately inferior
to the canalicular portion of the optic nerve as it courses intracranially, creating a small triangular
recess (opticocarotid recess). In some patients with a well-pneumatized sphenoid, the carotid
projects into the lumen of the sphenoid and is prone to inadvertent injury if one enters too far
laterally through the posterior wall of the posterior ethmoid sinus. For this reason the sphenoid is
generally entered medially adjacent to the septum, as previously described.
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Figure 51 Sagittal (a) and endoscopic (b) views showing the canalicular portion of the optic nerve (ON)
and intrasphenoid carotid artery (CA) after bone removal. Asterisks denotes the opticocarotid
recess. The area of the anulus of Zinn (dotted oval) and the antrostomy ridge (small arrows) are
shown.
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F. Orbital Dissection (Figures 52 and 53)

Removal of the periorbita and fat reveals the medial rectus muscle coursing along the medial wall
of the orbit. The medial aspects of the inferior rectus muscle may be seen running adjacent to the
horizontal ridge of the antrostomy. Further removal of fat between the two muscles reveals the
orbital segment of the optic nerve and globe. The anulus of Zinn, representing the thick fibrotic
insertion point for all the extraocular muscles, can be identified after removing bone at the orbital
apex. By longitudinally transecting the anulus of Zinn, between the medial and inferior rectus
muscles, one can expose the entire course of the intraorbital and canalicular segments of the optic
nerve.

(a)

Figure 52 Sagittal (a) and endoscopic (b) views after removal of the periorbita and fat, showing the medial
rectus muscle (MR), inferior rectus muscle (IR), and globe (G). The anulus of Zinn is circled. The
optic nerve sheath has been opened to reveal the canalicular portion of the optic nerve (O). C =
intrasphenoid carotid artery.
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Figure 53 Sagittal view after transection of the anulus of Zinn, revealing the orbital (small arrows) and
canalicular (large arrows) segments of the optic nerve.



Advanced Dissections 89

G. Extended Frontal Sinusotomy and the Lothrop Procedure (Figures 54-57)

An extended frontal sinusotomy may be indicated in select cases with chronic frontal rhino-
sinusitis refractory to medical and/or more traditional endoscopic surgical management (87-90).
After identifying the superior aspect of the lamina papyracea and anterior ethmoid roof, the
approximate coronal level of the posterior frontal sinus wall is determined on at least one side.
This may be accomplished either directly through the natural frontal ostium area or through a
transeptal approach bypassing this area altogether (91). A 30- or 70-degree telescope looking su-
periorly is used.

The mucosa on the posterior wall of the frontal recess area is preserved whenever possible.
However, in many cases this is not possible because of the significant amount of fibrosis and/or
osteoneogenesis in the area. The perpendicular plate of the ethmoid is conservatively resected
with cutting forceps anterior to the coronal plane of the posterior wall of the frontal sinus as seen
through the frontal sinus ostium or through a transeptal frontal sinusotomy. Posterior to this
plane, the potential is increased for inadvertent intracranial penetration, or injury to the cribriform
plate and olfactory fibers. An imaginary horizontal line is maintained (in the coronal plane) across
the posterior wall of the frontal sinus at all times. The perpendicular plate and intersinus septum
of the frontal sinus is followed superiorly, anterior to this line, working simultaneously from both
sides of the nose. The perpendicular plate is resected posterior to the nasal bones, and followed
superiorly toward the intersinus septum. The dense bone at the nasofrontal area is removed with
cervical spine bone curettes, cutting forceps, and/or frontal rasps, until the posterior table of the
frontal sinus is clearly visualized. Once the common frontal sinus ostium is visualized, further en-
largement can be performed with powered instrumentation.

Occasionally, one or more intersinus cells within the frontal sinus intersinus septum have to be
completely removed to create the common frontal ostium. The final common frontal sinusotomy
opening is horseshoe-shaped, measuring approximately 8 x 24 mm in the anteroposterior and lat-
eral dimension, respectively (89). The posterior, lateral, and anterior walls of the common ostium
are made up of the posterior wall of the frontal sinus, lamina papyracea, and anterior wall of the
frontal sinus at the nasion area, respectively. The final ostium should allow for complete trans-
illumination and visualization of the full extent of the frontal sinus, including its lateral recesses.
If closer examination of the frontal sinus is warranted, a flexible fiberoptic nasopharyngoscope
may be inserted through the common frontal ostium.
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(a)

Figure 54 Sagittal (a) and endoscopic (b) views denoting the degree of perpendicular plate removal (circle)
for an endoscopic Lothrop procedure. Care is taken not to extend the septal resection margins
too far posteriorly to minimize the chance of inadvertent injury to the olfactory apparatus or
intracranial penetration. Small arrows show the area of the olfactory bulb and cribriform plate.
A frontal intersinus cell (F) is frequently encountered. The dotted line shows the trajectory for a
transeptal penetration into the frontal sinus. CG = crista galli. MT = middle turbinate. NS =
nasal septum.
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Figure 55

Chapter 4

Endoscopic view after medial endoscopic enlargement of the frontal sinus ostium (F). The ante-
rior attachment of the middle turbinate and adjacent perpendicular plate of the superior nasal
septum (small arrows) have been removed. The intersinus septum of the frontal sinus (IS) is still
intact.
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Figure 56 Sagittal view showing the dense nasofrontal bone (arrows) that is removed to enlarge the com-
mon frontal sinus ostium anteriorly. MT = middle turbinate.
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Figure 57 Endoscopic view showing the right (R) and left (L) frontal sinus after removal of the intersinus
septum (small arrows). The large arrows illustrate the area of nasofrontal bone needing removal
for further anterior enlargement of the common ostium. A left ethmoidectomy has not been per-
formed yet. The latter is typically performed first, bilaterally, prior to the extended frontal pro-
cedure. MT = middle turbinate. NS = nasal septum.
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H. Extended Maxillary Antrostomy and Medial Maxillectomy (Figures 58 and 59)

An endoscopic medial maxillectomy may be indicated for patients with a variety of benign and
malignant nasal and paranasal sinus neoplasms. Perhaps the most common indication, however,
is for the resection of inverted papillomas (92-97). The resection begins with a complete inferior
turbinectomy. The medial maxillary wall is then resected, beginning with a maxillary antrostomy
at the inferior meatus as described previously. The margins of resection for the medial maxillec-
tomy are: 1) the floor of the nose inferiorly, 2) the posterior wall of the maxillary sinus posteriorly,
3) the floor of the orbit superiorly, and 4) the anterior maxillary wall anteriorly. The last requires
resection of the osseus and membranous nasolacrimal duct. The procedure then proceeds with an
anterior ethmoidectomy, posterior ethmoidectomy, and wide sphenoidotomy with complete re-
moval of the mucous membranes if involved by neoplasm. The thin lamina papyracea and adja-
cent MOF are carefully removed from the anterior and posterior ethmoid cavity with a periosteal

Figure 58 Sagittal view after complete removal of the inferior turbinate, including the lamellar attachment
to the lateral wall (arrows). The entire medial maxillary wall is removed flush with the anterior
and posterior maxillary sinus wall, orbital floor, and nasal floor. The nasolacrimal duct is usu-
ally removed to expose the anterior maxillary sinus wall. Also, a total ethmoidectomy and re-
moval of the lamina papyracea are typically performed as part of a medial maxillectomy. NL =
Hasner’s valve and membranous lacrimal duct in the inferior meatus. Note the mucosal canal
denoting the location of Hasner’s valve.
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Figure 59 Sagittal view after complete medial maxillary sinus wall removal. IN = infraorbital nerve and
vessels. Arrows show the anterior maxillary sinus wall after removal of the nasolacrimal duct.

elevator. The thickest bone will be encountered anteriorly at the nasolacrimal duct, inferiorly along
the horizontal ridge of the antrostomy, posteriorly at the orbital apex, and superiorly at the junc-
tion of the ethmoid roof and orbital wall. Therefore, it may be necessary to thin these areas of thick
bone with a burr prior to removal with a periosteal elevator. A dacryocystorhinostomy is per-
formed at the end of the procedure to minimize the chance of nasolacrimal sac stenosis or closure.
Tissue samples from the various sinus cavities or turbinates are sent in separate tissue containers
for pathological evaluation and for subsequent postoperative pathological mapping of the various
cavities and nasal structures. This postoperative pathological map is used to illustrate which si-
nuses are involved with neoplasm versus inflammatory disease. It can also be used to guide fur-
ther treatment if indicated, e.g., radiation therapy or further radical external surgery.

Patients with more extensive involvement of the frontal sinus may require an endoscopic
Lothrop procedure to improve exposure of the frontal sinus cavity and to facilitate the postopera-
tive management and evaluation of these cavities for recurrence. If disease appears to involve the
ethmoid roof, a medium-sized otologic diamond burr on an angled handpiece is used to thin it
down. Although generally not necessary in most cases, bone removal from the ethmoid roof can
be completed in a piecemeal fashion with a periosteal elevator. More extensive bilateral disease
involving the septum or sphenoid sinus may require a septectomy and/or an extended sphenoid
sinusotomy with removal of the sphenoid rostrum and intersinus septum.
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I. Extended Sphenoid Sinusotomy and Approach to the Sella Turcica
(Figures 60 and 61)

Endoscopic resection of pituitary adenomas has been reported (98-102). In these cases, an ex-
tended sphenoid sinusotomy is necessary to gain exposure to the sella turcica. In addition, an ex-
tended sphenoid sinusotomy may be necessary to improve access to a lateral sphenoid recess
behind the medial pterygomaxillary fossa, to improve visualization while repairing a CSF leak, or
for exposure and removal of a meningoencephalocele (103-105). The approach to the pituitary
fossa begins with an extended sphenoid sinusotomy. The sphenoid sinus is initially opened bilat-
erally, as previously mentioned. The rostrum and intersinus septum are sharply resected with
bone-cutting forceps or powered instrumentation. Occasionally the intersinus septum may attach
to the anterior wall of the carotid artery. For this reason care is taken to avoid fracturing or inad-
vertently pulling the intersinus septum to prevent tearing the carotid. In a well-pneumatized sphe-
noid sinus, the pituitary fossa will often be seen as a convexity in the roof of the common sphenoid
cavity (106). However, the surgeon localizes the fossa with intraoperative fluoroscopy or another
intraoperative imaging device prior to bone removal. Once the pituitary fossa is localized, the

Figure 60 Sagittal view. IT = inferior turbinate. MT = middle turbinate. ST = superior turbinate. S = sphe-
noid. In a well-pneumatized sphenoid sinus, the pituitary fossa (P) will often be seen as a con-
vexity (arrows) in the roof of the common sphenoid cavity.
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Figure 61 Endoscopic view. R = right sphenoid sinus. L = left sphenoid sinus. Small arrows denoted the
resected edge of the sphenoid intersinus septum. An intersinus (rostrum) air cell is seen inferi-
orly (asterisk).

bone is thinned with a cutting or diamond burr and the bone is gently removed to expose the cap-
sule of the pituitary gland. The capsule is then incised, exposing the pituitary gland or neoplasm
within the sella turcica.
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J. Anterior Skull-Base Resection (Figure 62)

Endoscopic resection of anterior skull-base neoplasms may be used as an adjunct to traditional
(endoscopic-assisted) external approaches (107,108). It may also be performed as the only proce-
dure in select cases, obviating the need for external incisions or a frontal craniotomy (109). Preop-
erative computer tomography and magnetic resonance imaging are useful in differentiating
neoplasm from inflammatory disease, and for the preoperative surgical planning in all these cases.

The intranasal component of the neoplasm is debulked, as in an extensive nasal polyposis case,
to expose the nasal septum, lateral nasal wall, and posterior choanal structures. The remaining
parts of the procedure are performed principally with noncutting forceps to ensure adequate mu-
cosal stripping and to yield tissue for final pathological analysis and postoperative mapping of the
involved areas. A suction filter (sock) is used to collect the tissue debris if powered dissection is
used. If bilateral surgery is performed, one sock is used for each side and labeled appropriately for
pathological analysis.

An endoscopic medial maxillectomy is performed if the tumor appears to involve the ethmoid
sinus. A total ethmoidectomy and a middle meatal antrostomy are also performed on the con-

Figure 62 Endoscopic resection of an anterior skull base lesion. F = common frontal ostium after an endo-
scopic Lothrop procedure. Arrows denote resected dural margins from orbit to orbit.
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Figure 63 Repair of a large 3 x 2 cm anterior skull base defect with lyophilized dura and mucosal grafts.
F = common frontal sinus ostium after a Lothrop procedure.

tralateral side if tumor appears to extend beyond the confines of the ipsilateral olfactory cleft and
the adjacent perpendicular plate of the nasal septum and/or crista galli. The nasal septum is re-
moved back to uninvolved margins, allowing the surgeon to operate through both nares simulta-
neously. A contralateral secondary suction is used to continuously clear the nasopharynx of blood
and debris. The sphenopalatine foramen is identified and cauterized bilaterally.

The skull-base resection starts with an extended frontal sinusotomy (the Lothrop procedure), as
described previously. This allows exposure of the anterior margins of resection and removal of in-
volved soft tissues at the nasoseptal angle just posterior to the nasion and nasal bones. Large
(6-12-mm) cutting burrs are used to thin involved bone at the nasofrontal suture line (nasion) and
to widely expand the common frontal sinusotomy, exposing the posterior table of the frontal sinus
(as previously described). An extended sphenoid sinusotomy is performed by removing the re-
maining rostrum and intersinus septum of the sphenoid sinus along with the mucosa. The optic
nerves and carotid arteries are identified bilaterally. The bony ethmoid and sphenoid roof anterior
to the optic chiasm are thinned with large cutting burrs to eggshell thickness and removed to ex-
pose the underlying dura circumferentially (around the remaining perpendicular plate of the nasal
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septum), the middle turbinate remnant, and the olfactory cleft bilaterally. The dura is elevated lat-
erally off the orbital roof to facilitate placement of the composite tissue graft during endoscopic
reconstruction of the skull-base defect. Also, the anterior and posterior ethmoidal arteries are cau-
terized with a bipolar or monopolar cautery. A wide dural margin is resected extending antero-
posteriorly from the posterior wall of the frontal sinus to the optic chiasm. Laterally, the dural
margin is initially resected a few millimeters medial to the junction of the orbital wall and the eth-
moid roof. The dura, bilateral cribriform plate with olfactory bulbs, middle turbinate remnant, per-
pendicular plate of the septum, and the inferior crista galli are removed en bloc through the nose
as a final specimen. Smaller lesions limited to the olfactory cleft are resected in a similar fashion,
but with sparing of the contralateral septal mucosa, cribriform plate, and paranasal sinuses.

After the resection is complete, adjacent brain parenchyma and the intracranial cavity are in-
spected for the presence of neoplasm, and frozen sections are sent circumferentially from the dural
margins, olfactory nerve endings, and septum. Additional margins are sent as needed. Endoscopic
marsupialization of the lacrimal sac is performed with a cutting forceps or powered instrumenta-
tion to minimize the chance of subsequent stenosis and secondary epiphora. Bipolar cautery is
used to control any bleeding meningeal vessels. Endoscopic repair of the final anterior skull-base
defect generally requires a composite reconstruction utilizing a wide variety of autoplastic and/or
alloplastic materials (103-105).
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Anterior skull-base resection, 99
Anteroposterior (AP) approach, 2
Anulus of Zinn, 84, 86

Carotid artery, 84

Choanal arch, 21

Columnellar measurements, 7-8, 53
Cribriform plate, 90

Dacryocystorhinostomy, 72

Ethmoid artery
anterior, 70
posterior, 70

Ethmoid cells
anterior, 39
bulla, 32, 36, 58
posterior, 44

Eustachian tube orifice, 19

Extended sinusotomy
frontal, 89
maxillary, 95
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[Extended sinusotomy]
sphenoid, 97

Foramen rotundum, 68

Frontal cell, 58

Frontal recess, 58

Frontal sinus, 58

Frontal sinusotomy
frontal recess approach, 58
transeptal approach, 90

Globe, 86
Greater palatine nerve, 68

Hasner’s valve, 73
Hiatus semilunaris, 28

Inferior meatus, 20
Inferior rectus muscle, 86
Inferior turbinate, 20
Inferior turbinoplasty, 22
Infraorbital nerve, 37, 96
Infundibulum, 28
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Instrumentation, 9
Internal maxillary artery, 64
Intersinus septum
frontal sinus, 89, 94
sphenoid sinus, 97
Intranasal examination, 20

Lamina papyracea, 79
Lothrop procedure, 89

Maxillary sinus, 32
natural ostium, 28

Medial maxillectomy, 95

Medial rectus muscle, 86

Middle meatal anstrostomy, 32

ridge, 5, 36, 56
Middle meatus, 20
Middle turbinate, 20

basal lamella, 44
Middle turbinoplasty, 25

Nasal septum, 20
Nasofrontal suture/bone, 93
Nasolacrimal duct, 20, 72
Nasolacrimal sac, 20, 72
Nasopalatine nerve, 63
Nasopharynx, 21

Olfactory nerve, 90
Operating room setup, 12
Optic chiasm, 83
Optic nerve
canalicular segment, 83
decompression, 83
orbital segment, 88
sheath, 83

Index

Opticocarotid recess, 83
Orbital apex, 83

Orbital decompression, 79
Orbital dissection, 86
Orbital fat, 79

Orbital floor, 36, 44, 50
Ostiomeatal complex, 2

Patient positioning, 12
Periorbita, 79

Perpendicular plate, 89

Pituitary fossa, 97

Posterior fontanelle, 32

Posterior nasal choana, 21
Posteroanterior (AP) approach, 4
Pterygomaxillary fossa, 68
Pterygopalatine canal, 68

Sella turcica, 97
Septoplasty, 23

Skull-base neoplasms, 99
Sphenoethmoidal recess, 20, 48
Sphenoid ostium, 48
Sphenoid rostrum, 97
Sphenoid sinus, 48
Sphenoid sinusotomy, 3, 48
Sphenopalatine foramen, 63
Superior turbinate, 20, 48
Suprabullar cells, 46, 58
Supreme turbinate, 20

Uncinate process, 28
Uncinectomy, 28

Vidian foramen, 63
Vidian nerve, 63
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