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Texas Sinus Institute

The University of Texas Medical School at Houston

The Texas Sinus Institute (TSI) provides comprehensive medical and
surgical treatment for patients with diseases of the nose and paranasal
sinuses. Our expertise includes a broad range of disorders from
rhinosinusitis and sinonasal polyposis to complicated tumors of the
nose, sinuses, orbit and skull base.

A collaborative effort between Memorial Hermann-Texas Medical
Center and The University of Texas Medical School at Houston, TSI
has an academic mission that includes education and research. The
fellowship-trained rhinologists at the institute publish and present
scholarly articles worldwide.

TSI offers patients immediate access to multidisciplinary management expertise, including allergy and
immunology, neurosurgery, neuroradiology, infectious disease, plastic and reconstructive surgery, pulmonology,
rheumatology, and medical and radiation oncology.

Patients also have access to new medical therapies and innovative devices and technology very quickly after
their introduction, and those who qualify have the opportunity to participate in clinical trials of treatments not
otherwise available.

Scope of Expertise

Rhinology Skull Base
* Revision functional endoscopic * Nasal and sinus polyposis e Skull base tumors
sinus surgery (revision FESS) * Allergic fungal rhinosinusitis * CSF rhinorrhea (spinal fluid leak)
* Frontal sinus surgery * Inflammatory diseases of the nose * Fibro-osseous lesions
* Endoscopic orbital decompression and sinuses * Pituitary tumors
* Endoscopic optic nerve * Drug-resistant bacterial * Sinonasal neoplasia
decompression rhinosinusitis * Computer-aided surgery

* Endoscopic dacrocystorhinostomy ¢ Nasal blockage or obstruction

Revision Sinus Surgery

Patients with persistent symptoms after sinus surgery present a difficult treatment challenge. If a patient has recurrent
chronic rhinosinusitis and/or sinonasal polyposis with or without asthma - even after surgery and multiple rounds of
antibiotics, topical and oral steroids - revision surgery may be necessary. However, revision surgery may be high risk due
to the distortion in anatomy incurred as a result of the previous sinus surgery and extensive inflammatory disease.

If a patient experiences persistent symptoms after treatment, consultation with a rhinologist at TSI may be the next
step. We offer unique services and expertise unavailable in many communities. We specialize in revision image-guided
functional endoscopic sinus surgery (revision IG-FESS) and other minimally invasive, computer-aided endoscopic
procedures of the skull base.
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Minimally Invasive
Skull Base Surgery
Program

The minimally invasive skull base surgery program at Memorial
Hermann-Texas Medical Center combines the expertise of leading
otorhinolarygologists, the resources of the new Texas Skull Base Institute
at The University of Texas Medical School at Houston and the skill and
experience of neurosurgeons at the Mischer Neuroscience Institute (MNI)
at Memorial Hermann.

Our team of otorhinolaryngologists are skilled in the endoscopic repair
of CSF leaks and have developed strategies for the minimally invasive
endoscopic management of both benign and malignant neoplasms of the paranasal sinuses and skull base. Skull
base tumors and neurovascular disease conditions are managed by a team that includes specialty-trained skull base
neurosurgeons, neuroendovascular surgeons, neuro-otolaryngologists and intraoperative neurophysiologists. The
program also includes consultations with our Gamma Knife team, as appropriate.

Scope of Expertise

* Inverted papilloma and benign neoplasms

* Esthesioneuroblastoma and malignant skull base tumors
* Juvenile angiofibroma and pediatric tumors

* Acoustic neuroma and lateral skull base tumors

* CSF rhinorrhea (spinal fluid leak)

* Fibro-osseous lesions, including fibrous dysplasia

* Pituitary tumors

* Intraoperative imaging

* Computer-aided surgery

Evaluation and Treatment

‘We are committed to innovation in the treatment of rare and difficult conditions, to collaboration between
otorhinolaryngology and neurosurgery and to close collaboration with referring physicians. Once a diagnosis has
been made, we have at our disposal the most advanced treatment options available, including state-of-the-art medical
therapy and surgery using minimally invasive techniques whenever possible.

To refer or schedule a patient, please call 832.325.7171 (otorhinolaryngology) or 832.325.7090 (neurosurgery).
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3D computed tomographic analysis of frontal recess
anatomy in patients without frontal sinusitis

WALTER T. LEE, mp, FREDERICK A. KUHN, mp, and MARTIN J. CITARDI, mp,* Cleveland, Ohio, and Savannah, Georgia

OBJECTIVE: Describe frontal sinus pneumatization in
patients with no history of frontal sinus disease.
STUDY DESIGN AND METHODS: All 1-mm axial sinus
CT scans performed from 2001 through 2003 were
eligible for review on a CBYON Suite workstation
(CBYON, Mountain View, CA). Exclusion criteria in-
cluded frontal sinusitis, sinonasal polyposis, age
<18 years, sinus malighancy, fibroosseous lesions,
maxillofacial trauma, congenital anomaly, and si-
nus surgery.

RESULTS: A total of 50 patients met the inclusion
criteria. The prevalence of each structure was: ag-
ger nasi cell (89%), type 1 frontal cell (37%), type 2
frontal cell (19%), type 3 frontal cell (8%), type 4
frontal cell (0%), supraorbital ethmoid cell (62%),
suprabullar cell (15%), frontal bullar cell (9%), inter-
frontal septal cell (14%), and recessus terminalis
(22%).

CONCILUSIONS: This study describes frontal pneu-
matization in patients without a history of conditions
that influence frontal pneumatization. The results
characterize normal frontal recess/sinus pneumati-
zation patterns. (Otolaryngol Head Neck Surg
2004;131:164-73.)

Because knowledge of frontal sinus anatomy is funda
mental for the comprehensive evaluation and treatment of
frontal sinus disease, this topic has been the subject of
numerous articles since the end of the 19th century. Inthe
latter part of the 20th century, endoscopic techniques for
frontal sinus surgery were introduced and now are a
mainstay of contemporary rhinologic surgery. Endoscopic
visualization and instrumentation, as well as high-resolu-
tion CT scans, have shifted the perspective for surgical
anatomy in this region. In particular, preoperative CT
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scans now serve to characterize frontad anatomy and
thereby guide endoscopic surgery. For these reasons, con-
temporary practical frontal sinus anatomy is best consid-
ered from the view point of a surgical endoscopist.

In the middle part of the 20th century, the surgica
focus was upon the contents of the frontal sinus as frontal
sinus obliteration was deemed the optima surgical treat-
ment of refractory frontal sinusitis.* However, today, en-
doscopic techniques seek to relieve obstruction of the
frontal sinus outflow tract or frontal recess. The concept of
afrontal recess, rather than a nasofrontal duct, is not new.?
In fact, Killian® first used the term “frontal recess’ in
1903; later, Van Alyea s*° writings extensively described
the pneumatization patterns within the frontal recess. To-
day, the frontal recessis considered the key to endoscopic
frontal sinusotomy.’

The frontal recess is best considered as a complex
space, with the approximate shape of an inverted funnel
or cone whose apex is at the frontal ostium.® This space
may be pneumatized by various anterior ethmoid cells,
including agger nasi cells (ANC),® fronta cells types
1-4 (FC1-4),° supraorbital ethmoid cells (SOEC),*° su-
prabullar cells (SBC), fronta bullar cells (FBC), and
interfrontal sinus septal cells (IFSSC).** Accurate char-
acterization of these frontal recess cells is the key for
the endoscopic management of the frontal sinus.

In this report, the frontal sinus (and frontal recess)
anatomy of 50 adult patients with no known frontal
sinus disease is reviewed by detailed study of high-
resolution CT images at a computer workstation. This
software-enabled technique for CT analysis incorpo-
rates triplanar CT images. To facilitate this project,
functional definitions, based upon traditional descrip-
tions in the anatomy literature as well as current imag-
ing modalities, were developed. In this way, the anat-
omy of the healthy frontal sinus and recess from the
viewpoint of the surgical endoscopist is systematically
characterized.

MATERIALS AND METHODS

All sinus CT scans performed according to the SA-
VANT protocol (1-mm contiguous axial dlices, bone
windows) between February 2001 and June 2003 were
eligiblefor thereview. The SAVANT CT scan protocol
has been optimized for the acquisition of imaging data

*Dr. Citardi was a member of the scientific advisory board of CBYON
(Mountain View, CA), during 1999-2003.
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Table 1. Frontal pneumatization pattern definitions and criteria

Frontal recess cell Description

Agger nasi cell ® “The most anterior ethmoid cell”
® Swelling along lateral nasal wall anterior to middle turbinate vertical attachment (endoscopic view)
® Pneumatization of the agger nasi region
® Well seen on sagittal and coronal CT images

Frontal cell, type 1 ® Single anterior ethmoid cell above the agger nasi cell
® Posterior wall is not skull base; posterior wall is free partition in the frontal recess

® Well seen on coronal and sagittal CT images

Frontal cell, type 2 ® Tier of 2 or more anterior ethmoid cells that pneumatize above the agger nasi cell
® Posterior wall is not skull base; posterior wall is free partition in the frontal recess
® Well seen on coronal and sagittal CT images

Frontal cell, type 3 ® Single large anterior ethmoid cell above the agger nasi cell
® Pneumatizes along inner aspect of the anterior frontal sinus table from the anterior frontal recess
® Extends far into true frontal sinus; superior wall (cap) inserts upon inner aspect of the anterior frontal
sinus table (seen on sagittal CT image)
® Posterior wall is not skull base; posterior wall is free partition in the frontal recess
® Well seen on coronal and sagittal CT images

Frontal cell, type 4 ® Apparently isolated cell within frontal sinus and above the agger nasi cell
® Appears as an “air bubble” on coronal CT scan
® Appears as a “balloon on a string” on sagittal CT scan
® The anterior/inferior margin is anterior frontal sinus table or frontal sinus floor
® The posterior boundary is cell wall, not posterior frontal sinus table.
® |dentification requires both sagittal and coronal CT

Supraorbital ethmoid cell ® Ethmoid cell that extends over the orbit from the frontal recess
® May be single or multiple
® May mimic the appearance of a septate frontal sinus
® Opens into the lateral aspect of the frontal recess (this opening is lateral and posterior to the true frontal
sinus ostium)
® |dentification requires review of both axial and coronal CT images

Frontal bullar cell ® Ethmoid cell above ethmoid bulla
® Pneumatizes along skull base into frontal sinus from posterior frontal recess
® Posterior wall is anterior cranial fossa skull base (frontal sinus posterior table)
® Anterior border must extend into frontal sinus
® | ocated behind true frontal sinus pneumatization tract
©® May represent pneumatization of the anterior wall of the ethmoidal bulla (bulla lamella)
® May cause convexity in floor of frontal sinus
® \Well seen on sagittal CT

Suprabullar cell ® Ethmoid cell above ethmoid bulla
® Superior wall is anterior cranial fossa skull base
® Anterior border does not extend into frontal sinus
©® May represent pneumatization of the anterior wall of the ethmoidal bulla (bulla lamella)
® Well seen on sagittal CT
® Bears close resemblance to the suprabullar recess (CT alone is inadequate to distinguish between the SBC

and the suprabullar recess.)

Interfrontal sinus septal cell ® Pneumatization of the frontal sinus septum
® Drains into one frontal recess
® Associated with pneumatized crista galla
® Well seen on axial and coronal sinus CT

Recessus terminalis ® The superior uncinate process attaches laterally to the orbit, below internal frontal ostium
® Frontal sinus drains directly into middle meatus
® Often associated with agger nasi cell
® Well seen on corona sinus CT

for computer-aided surgery with the CBYON Suite Inclusion criteria were age 18 or greater as well as
surgical navigation platform (CBYON, Mountain the appropriate SAVANT sinus CT. Exclusion criteria
View, CA). Both chart review and CT scan review were included a clinical history of frontal sinusitis, inflam-
performed to identify CT scans that met the study matory disease of the frontal recess, sinonasal polypo-
criteria. Computer-aided CT review was performed at sis, sinus malignancy, frontal sinus mucocele, fibro-

the CBYON Suite workstation version 2.6. osseous lesions, maxillofacial trauma, congenital
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Table 2. Indications for CT scan

Indication Number

Rhinosinusitis evaluation (no history nor 25
evidence of frontal sinusitis

Cerebrospinal fluid leak

Sphenoethmoid mucocele

Headache

Nasal mass/tumor (with no sinus
encroachment)

Systemic vasculitis with sinonasal symptoms

Maxillary osteomyelitis

Anosmia

Previous transsphenoidal hypophysectomy

Foreign body
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anomaly, and previous sinus surgery (except transsphe-
noidal hypophysectomy). Similarly, CT scans with ev-
idence of any of the exclusion criteria were also ex-
cluded.

Before commencing the formal review of the CT
scans, standardized criteria for frontal recess pneuma-
tization patterns (Table 1) were developed. These cri-
teria were based on traditional concepts of frontal re-
cess anatomy (as originally described by Van Alyea*®
and others'®3); however, these anatomic concepts
were adapted so that they summarized information crit-
ica for contemporary rhinology, which emphasizes
minimally invasive, endoscopic techniques and thin-
cut, high-resolution CT with image reformatting and
reconstruction. The criteria were also adjusted so they
rested upon the advantages offered by triplanar CT
review at a computer workstation with a high-resolu-
tion monitor. Each CT scan was studied jointly by at
least 2 of the authors, who characterized the pneuma:
tization pattern by the application of the anatomic cri-
teria through consensus.

Expedited institutional review board approval for a
retrospective chart review was obtained prior to com-
mencing this study.

RESULTS

A total of 50 patients met the inclusion criteria; 100
frontal recesses were reviewed. Gender distribution
was 21 men and 29 women. The mean age was 49 years
(range, 18-79 years). Indications for obtaining the CT
scan are outlined in Table 2. None of the patients had
clinical history or radiographic evidence of frontal si-
nus disease.

An ANC (Figs 1 and 2) was noted in 89 sides (89%).
FC were quite common; the prevalences of FC1 (Figure
3), FC2 (Fig 4), and FC3 (Fig 5) were 37% (37 sides),
19% (19 sides), and 8% (8 sides), respectively. No FC4
were identified. Both coronal and sagittal CT images
were used to assess the presence of ANC and FC.

Oftolaryngology-
Head and Neck Surgery
September 2004

Fig 1. This coronal CT image demonstrates bilateral ag-
ger nasi cells (indicated by *).

SOECs (Fig 6) were quite variable in size. In some
cases, the SOEC extended far over the orbit, whereasin
other instances, the SOEC was much smaller. At least
1 SOEC was noted in 62 sides (62%), and multiple
SOECs were noted in 5 sides (5%). In 5 sides, the
SOEC was quite large, whereas the ipsilateral frontal
sinus was correspondingly hypoplastic. In the situation
of alarge SOEC, initial review of the coronal images
suggested the presence of a large septate frontal sinus.
In fact, the presence of the so-caled “septate frontal
sinus’ upon initial review of the coronal CT images
actually served as a cue for the presence of 1 or more
SOECs. The presence of a relatively large SOEC was
not invariably associated with a hypoplastic or absent
ipsilateral frontal sinus, athough the frontal sinus vol-
ume was somewhat diminished by a large ipsilateral
SOEC. Both coronal and axial CT images were critical
for the assessment of SOECs.

FBC (Figs 2 and 7) and SBC (Fig 8) pneumatization
patterns were best assessed on the sagittal CT images.
The prevalence of SBC and FBC were 15% (15 sides)
and 9% (9 sides), respectively.

The IFSSC (Fig 9) was noted in 14 patients. The
cristagalli was pneumatized in 3 patients; all instances
were associated with an IFSC. The coronal and axial
CT images were most helpful for the visualization of
IFSC.
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Fig 2. The agger nasi cell (1) is the most anterior ethmoid
cell as shown in this representative sagittal CT image. The
posterior and superior borders of the agger nasi cell are
partitions within the frontal recess. In contrast, the poste-
rior superior borders of the suprabullar cell (2) are the
anterior cranial fossa skull base and its anterior and infe-
rior borders are partitions within the frontal recess.

An RT (Fig 10) was seen in 22 sides (22%). Both
corona and sagittal CT images were used to assess the
presence of RT.

The extent of frontal sinus pneumatization was quite
variable. In 8 sides (8%), the frontal sinus was not
present at all. In 2 sides, the frontal sinus was quite
large and crossed the midline, but the contralateral
frontal sinus was not absent.

Certain combinations of findings were relatively
common. The finding of simultaneous, ipsilateral ANC
and SOEC was present in 59 sides (59%). The combi-
nation of ANC and FC1 was present in 37 sides (37%),
whereas ANC, SOEC, and FC1 occurred simulta-
neoudly in 24 sides (24%).

DISCUSSION

In this project, initial efforts focused on the devel-
opment of standardized definitions of the various fron-
tal recess cells under study. The anatomic criteria for
agger nasi cells, frontal cells, and supraorbital ethmoid
cells are well established in the rhinology literature;
however, the characteristics of suprabullar, and frontal
bullar cells are poorly described. The proposed criteria
for each frontal recess cell type are reported in Table 1,
and representative images are depicted in Figures 1-9.
Nonetheless, additional comments are warranted.
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Fig 3. Atype 1 frontal cell (indicated by *) occurs above
the agger nasi cell as seen in this coronal sinus CT.

Agger nasi cell. According to Van Alyea,® the ANC
is the most anterior of al ethmoid cells; as such, its
posterior and superior bony walls appear as partitions
within the frontal recess.

Frontal cells, types 1-4. Although Van Alyea con-
sidered any cell that encroaches upon the frontal recess
and/or frontal sinus to be a “frontal cell,”* Bent et al®
proposed a more limited definition that offers the ability
to better distinguish among the various frontal recess
cells. This definition was used in this report. All FC
occur above an ANC; they are similar to an ANC in that
their posterior and superior walls appear as partitions
within the frontal recess (or within the frontal sinusin
the case of FC3 and FC4). FC1, FC2, and FC3 are
relatively easy to recognize on coronal and sagittal
sinus CTs, but FC4 cells, which are quite rare, may be
problematic. FC4 cells appear as isolated cells in the
frontal sinus, and they drain through a narrow channel
to the region above the ANC. On the sagittal CT, an
FC4 cell will mimic the shape of a balloon (cell itself)
on a string (the narrow outflow tract of the cell).

Supraorbital ethmoid cell. Although the criteria for
SOEC are quite clear, they may be erroneously catego-
rized as a “septate frontal sinus’ or “multiple frontal
sinuses.”'° Triplanar CT review at the computer work-
station greatly facilitates recognition of SOEC.

Frontal bullar cell. Van Alyea's definition for the
FBC was quite broad; FBCs included &l frontal recess
cells that expanded into the frontal sinus floor.* Ac-
cording to Van Alyea, FC3, FC4, and SOEC may all be
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Fig 4. This coronal sinus CT image shows type 2 frontal
cells (indicated by *), a tier of frontal cells above an
agger nasi cell.

considered FBCs. For this report, a more limited defi-
nition of FBC is proposed; that is, FBCs are character-
ized by pneumatization along the skull base in the
posterior frontal recess with extension through the fron-
tal ostium into the true frontal sinus. On a sagittal CT
image, the anterior wall of the FBC appears as a free
partition in the frontal recess and the posterior wall of
the FBC is the bony skull base itself.

Suprabullar cell. As its name implies, the SBC
occurs above the ethmoidal bullain the posterior frontal
recess. The SBC is similar to the FBC, but the SBC
does not extend into the frontal sinus (as the FBC does).
Operationally, the SBC may be considered the CT scan
equivalent of the suprabullar recess (SBR). The SBR
(also known as the sinus lateralis) is a cleft above the
ethmoidal bulla; CT scan review has been termed in-
adequate for assessing the SBR.* Therefore, the cur-
rent study could not assess the prevalence of SBR. As
aresult, the number of SBR among the identified SBC
could not be determined by CT review aone.

Interfrontal sinus septal cell. As its name implies,
the IFSSC is characterized by pneumatization into the
interfrontal sinus septum.™* If this pneumatization is
extensive it may extend into the cristagalli and produce
a pneumatized crista galli. An IFSSC appears as a
central compartment on the axial and corona sinus
image, and drains into a single contiguous frontal re-
cess.

Otolaryngology-
Head and Neck Surgery
September 2004

Fig 5. This coronal sinus CT depicts a type 3 frontal cell
(indicated by *), which occurs above the agger nasi cell
and enters the true frontal sinus.

Recessus terminalis. RT must be distinguished from
ANC. A single dlice through a RT may appear to be an
anterior ethmoid cell (such as the ANC). As described
in previous reports, RT is characterized by the superior
insertion of the uncinate process on the medial orbital
wall.*® In the current report, the shape and position of
the uncinate process was determined by scrolling
through the CT images at the computer workstation. If
the uncinate process curved medially to the orbit at is
superior portion, then RT was deemed present. Admit-
tedly, the separation of RT from ANC is arbitrary, and
the definitions in this report assume two discrete cate-
gories. Careful review of the CT images at the com-
puter workstation serves to provide information about
anatomic features that can distinguish between ANC
and RT. This review process reguires close assessment
of contiguous axial and coronal CT images so that the
entire path of the uncinate process can be followed
from its origin inferiorly to its superior insertion. Ob-
vious perquisites for the study of the CT anatomy of the
uncinate process include a high-resolution, 1-mm CT
scan and robust imaging software.

The surgical anatomy of these frontal recess cells
may be further classified into 3 groups based upon their
locations in the frontal recess. The anterior group con-
sists of the ANC and FC; for these cells, the posterior
boundary is a free partition in the frontal recess. The
anterior boundary of ANC, FC1, FC2, and FC3 is the
anterior wall of the frontal recess and the contiguous
anterior wall of the frontal sinus. The anterior wall of
the FC4 is afree partition within the frontal recess. The
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Fig 6. The supraorbital ethmoid cell (indicated by the
cross hairs in these orthogonal axial and coronal CT im-
ages) pneumatizes over the orbit (coronal image, bot-
tom) and enters the frontal recess posterior and lateral to
the true frontal sinus (axial image, top).

posterior group includes FBC, SBC, and SOEC; for
these 3 cell types, the skull base forms the superior/
posterior boundary of the cell, whereas their anterior/
inferior boundary is a free partition within the frontal
recess. Finally, the medial frontal recessis the entrance
for the ISSC as well as the frontal sinus, the ostium of
which is located in the medial frontal recess. During
endoscopic frontal sinusotomy, the rhinologic surgeon
must purse complete dissection of the anterior, medial,
and posterior frontal recess so that compl ete drainage of
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Fig 7. The frontal bullar cell (indicated by the “*”) pneu-
matizes along the skull base and enters the frontal sinus,
as shown in this sagittal CT image.

the frontal sinus and adjacent frontal recess cells can be
achieved.

In the current report, frontal recess anatomy was
systematically explored in 50 patients without a history
of frontal sinus disease and/or frontal recess disease.
Because this study describes frontal recess pneumati-
zation patterns in the absence of frontal sinus disease,
the data summarize frontal recess anatomy for normal
frontal sinuses, although, in general, other studies have
not specifically excluded frontal sinus disease patients
and most studies have focused upon frontal sinus anat-
omy in patients with chronic frontal sinusitis. It must be
remembered that frontal sinus development may occur
into early adulthood, and that inflammatory conditions
may directly influence the bony architecture of the
paranasal sinuses (as demonstrated in an animal model
of gram-negative rhinosinusitis*®). Of course, other
conditions (fibroosseous processes and neoplasms) and
surgery may directly distort frontal anatomy. As such,
the impact of frontal sinus diseases upon frontal recess
pneumatization cannot be excluded in most reports.

Importantly, the entire study was performed by re-
view of CT data at a computer workstation. Although
many other studies describe paranasal anatomy by pre-
senting data from CT scans, those studies in general
have relied upon review of CT films (typicaly 3-mm
coronal images). In contrast, the current study incorpo-
rated thin-cut 1-mm axial data, which was reformatted
for the reconstruction of coronal and sagittal images by
software with very sophisticated segmentation routines.
So-called ‘triplanar scrolling’ at a computer worksta-
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Fig 8. The suprabullar cell (1) is above the ethmoidal
bulla (2), as demonstrated in this sagittal CT image. The
suprabullar cell’s superior margin is the skull base, and it
does not enter the frontal sinus. An agger nasi cell (3) is
also shown.

tion with a high-resolution monitor facilitated review of
all of these images. The net result was that more image
data of higher quality was available for review.

The data in the current report must be compared
with the published data about frontal recess pneumati-
zation. Such comparisons are limited by differencesin
technique (cadaveric dissection, CT scan parameters,
computer-enabled CT review vs. review and films) as
well as differences in terminology and definitions. The
presence of ANC (89%), FBC (9%), and ISSC (14%)
were consistent with the findings of Van Alyea (89%,
10%, and 12% respectively).*> Although the apparent
prevalences of FBC are similar, Van Alyea used a
different definition for FBC (as described above). (In
genera, the other authors did not include information
on the incidence of pneumatized crista galli (3%), and
absent frontal sinus (8%); as a result, direct compari-
sons cannot be made.)

In the current report, the prevalence of SOEC was
quite high (62%) as compared to Owen et al'° (15%) or
Van Alyea® (6%). In the current study, it became ap-
parent that even moderately sized SOEC can recapitu-
late the appearance of the so-called “septate” frontal
sinus. Similarly, reports of lateral frontal sinus com-
partments probably reflect the presence of one or more
SOECs, the presence of which may not be apparent on
standard CT images or low-resolution CT image recon-
structions. To confirm the presence of SOEC, latera
pneumatization of the frontal bone was carefully traced
by scrolling through the axial CT images in a superior

Otolaryngology-
Head and Neck Surgery
September 2004

Fig 9. The interfrontal sinus septal cell appears as a cen-
tral compartment within the frontal bone. In this example,
the interfrontal sinus septal cell (indicated by the cross
hairs in these orthogonal axial and coronal images)
drains into the left frontal recess.

toinferior direction. In this way, the presence of SOEC
could be confirmed by noting that the lateral frontal
pneumatization compartment opened into the lateral
frontal recess. In these instances, the true frontal sinus
had a more media and anterior position and opened
into the anterior and medial frontal recess. Corona CT
images aone, and even axial CT images with a rela
tively broad image thickness (greater than 1.5-2 mm)
cannot provide adequate information about SOEC.
Therefore, the current report is felt to provide more
accurate data about SOEC.
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Fig 10. A recessus terminalis (indicated by *) is charac-
terized by an uncinate process whose superior insertion is
directly upon the medial orbital wall, as shown in this CT
image.

The IFSSC appears as a central compartment within
the frontal bone, much as a SOEC appears as a latera
frontal sinus compartment. The presence of a centra
compartment should serve as a marker that IFSSC is
likely. In this instance, a single frontal recess may
contain a medial pneumatization tract for the IFSSC, a
central pneumatization tract for the true frontal sinus
and a lateral pneumatization tract for a SOEC (if
present). Failure to identify these configurations may be
a cause of iatrogenic mucoceles and surgical failure
after endoscopic frontal sinusotomy.

FBC and SBC occur posteriorly in the frontal recess
along the skull base, whereas ANC and FC occur
anteriorly in the frontal recess. During endoscopic fron-
tal sinusotomy, unopened FBC and SBC may mimic
the appearance of the skull base. Thus failure to recog-
nized the presence of FBC and SBC may lead to in-
complete dissection of the posterior frontal recess and
ultimately to surgical failure.

The current report also includes information about
RT, athough strictly speaking, RT is not a frontal
recess cell. RT was assessed because of its potential
relationship to ANC. Although the current report notes
a prevalence of RT only 22%, Van Alyea® reported a
prevalence of 55%. Despite a straightforward defini-
tion, distinguishing between RT and ANC in practiceis
achallenge, because an isolated coronal CT cut through
an RT may appear to be an ANC. During the develop-
ment of the anatomic criteria, it became quite apparent
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that software-enabled review of the high resolution CT
facilitated reliable identification of both ANC and RT.
Thus, both RT and ANC were assessed in accordance
with the proposed definitions.

As stated above, many of the prevalences described
in the current report are similar to previous reports,
whereas other important discrepancies are apparent.
Some of these differences probably reflect inconsistent
use of anatomic terms. (In recognition of this problem,
considerable effort was expended to create uniform
anatomic criteria)) Furthermore, different methods in
different studies may lead to different conclusions, as
noted in a study describing the incidence of sphenoeth-
moid cells.'’ Certainly, the current study’s CT scan
data (high-resolution, 1-mm axial images with coronal
and sagittal reconstructions) provide a more complete
representation of patient anatomy, when compared with
a standard 3-mm coronal sinus CT, which is the main-
stay of most CT sinus anatomy studies. Despite some
concerns about radiation dosage associated with this
section CT scanning, the radiation dose from such
scans is significantly below the radiation dose neces-
sary for acute cataracts.*® Furthermore, Kew et al*®
have aready established importance of sagittal images
for the characterization of frontal recess anatomy; in the
current paper, the sagittal CT images were critical in
the assessment of ANC, FC, SBC, and FBC. Finally, it
is conceivable that the differences in prevalence re-
ported in the various studies represent true differences
in patient anatomy that occur in various patient popu-
lations.

Certain disadvantageous features inherent to studies
that review CT images certainly must be considered.
Actual anatomy was not studied; only radiographic
representations of anatomy were studied. Errorsin CT
scan acquisition, limitations of image resolution, and
errors in software image processing may distort CT
images and influence the apparent results. To minimize
these errors, an advanced CT scanner and software
platform were used. It should be noted that measure-
ments based on CT scan models seem to correlate well
with actual anatomy, suggesting that image processing
software does not introduce significant image distor-
tion.?° The paradigm of CT-based studies of paranasal
sinus anatomy assumes the use of an appropriately
calibrated high-resolution CT scanner and robust, high-
fidelity image software routines; if either perquisite is
unavailable or questionable, then the entire study must
be discounted.

Today, intraoperative surgical navigation is increas-
ingly employed during endoscopic frontal sinus sur-
gery. These navigation computers also can support the
preoperative review of CT images. The paradigm for
the characterization of frontal recess pneumatization
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patterns described in this report may be directly applied
during preoperative review of CT images at the com-
puter workstation. This nomenclature may support
communications among practicing physicians as well
as among attending physicians and resident physicians.
The lack of uniform descriptions for frontal recess
anatomy clearly impedes communications. It is hoped
that the criteria described in this report will enhance
communication among all physicianswith an interest in
this area.

This report has other important implications in the
era of endoscopic frontal sinus surgery. Although the
prevalence of absent frontal sinus was not great, it was
often associated with large SOEC or pneumatization
from the contralateral frontal sinus. A relatively small
frontal sinus with a larger SOEC may aso occur. Re-
view of astandard 3-mm coronal sinus CT will obscure
may of these anatomic findings (so that the rhinologic
surgeon must rely upon unverified extrapolations from
limited preoperative imaging), while computer-aided
review of thin cut CT images facilitates the recognition
of these and other frontal recess patterns. Even without
the use of intraoperative surgical navigation, thisinfor-
mation may provide critical information that will guide
a complete frontal recess dissection. In recognition of
this observation, endoscopic frontal sinusotomy rou-
tinely incorporates intraoperative surgical navigation at
our ingtitutions.

Although frontal recess anatomy has been explored
for more than a century, considerable additional work is
necessary. Technological advances in imaging may of-
fer better modeling of frontal recess anatomy. Further-
more, frontal recess anatomy in patients with inflam-
matory frontal sinus disease needs to be better
characterized. It is conceivable that certain anatomic
configurations (perhaps a large type FC3) may predis-
pose a patient to isolated frontal sinusitis and mucocele
formation. Furthermore, other anatomic configurations
may be associated with a greater risk of iatrogenic
frontal sinusitis after sinus surgery. Similarly, better
techniques and instrumentation may be necessary for
the surgical management of specific frontal recess cells.
All of these issues are worthy of further exploration.

CONCLUSIONS

Descriptions of frontal sinus and recess pneumatiza-
tion patterns have generated controversy for more than
a century. In the current report, standardized defini-
tions, which reflect the traditional concepts first eluci-
dated by Van Alyea and others, as well as the current
demands imposed by minimally invasive, endoscopic
frontal sinus surgery, were developed. Then these def-
initions were applied in a software-enabled review of
sinus CT images obtained in patients without frontal
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sinus disease. Simultaneous review of the triplanar im-
ages at the computer workstation greatly facilitated this
study of frontal recess pneumatization patterns. Thus,
prevalences of specific pneumatization patterns were
studied in patients with normal healthy frontal sinuses.
Agger nasi cell pneumatization was almost universal,
as anticipated, and frontal cells were quite common.
Supraorbital ethmoid cells were more common than
previously reported; previous reports of so-called “sep-
tate” frontal sinuses probably are erroneous, because 1
or more supraorbital ethmoid cells may falsely give the
impression of frontal sinus septations. Pneumatization
of the posterior frontal recess, namely suprabullar cells
and frontal bullar cells, was also characterized. The
paradigm of computer-based CT provides a platform
for the preoperative characterization of frontal sinus
and recess anatomy; this preoperative planning has
important practical implications, especialy if intraop-
erative surgical navigation is employed during endo-
scopic frontal recess surgery.
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REVISION ENDOSCOPIC FRONTAL SINUSOTOMY 131

surgical procedure that disrupts the normal mucociliary clearance tends to
promote mucus stagnation and resultant infection. The frontal sinus rescue
procedure seeks to restore this normal frontal sinus physiology, whereas
the modified Lothrop destroys frontal recess mucosa and alters mucociliary
clearance, potentially causing recurrent chronic frontal sinusitis.

Advantages

The endoscopic frontal sinus rescue procedure, incorporating a mu-
coperiosteal flap, for surgical correction of frontal ostium obstruction after
middle turbinate sacrifice offers several advantages:

* = The opening into the frontal sinus typically remucosalizes without

scar formation, granulation tissue growth, and restenosis.

« The flap is oriented such that the natural mucociliary clearance of
the frontal sinus is actually restored and not disrupted.

- The procedure is a natural extension of endoscopic frontal sinuso-
tomy and traditional external ethmoidectomy approaches.

- The procedure is less invasive than frontal sinus obliteration.

- The procedure is much less destructive than frontal sinus drill-out
procedures.

- Additional surgical revision, if necessary, can be performed easily.

Disadvantages

The frontal sinus rescue procedure has several disadvantages:

= Although overall visualization is excellent, the entire procedure is
performed using the 30- and 70-degree telescopes.

- Further advances in endoscopic instrumentation are needed.

« The flap itself is delicate and easily injured during the procedure.

» The operation is technically challenging, and the operating surgeon
must be comfortable with advanced endoscopic approaches to the
frontal sinuses.

« Because the operative site is in close proximity to the lateral lamella
of the cribriform plate (thinnest part of the skull base), the potential
risk of a cerebrospinal fluid leak must not be discounted.

SUMMARY

Chronic frontal sinusitis caused by frontal recess scarring and internal
frontal ostium stenosis after middle turbinate sacrifice remains an impor-
tant surgical challenge, even in the age of functional endoscopic sinus
surgery. Revision endoscopic frontal sinusotomy with mucopériosteal flap
advancement, which we have called “the frontal sinus rescue procedure,”
attempts to prevent restenosis of the frontal recess and internal frontal os-
tium. By draping the flap across the raw edges, the amount of scarring and
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granulation tissue is lessened. In this way, patients may be spared radical
frontal sinus surgery, such as frontal sinus obliteration and the modified
endoscopic Lothrop procedure, and instead be offered an endoscopic so-
lution to an iatrogenic problem.
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