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due to the learning curve and potential complications,

Introduction such as, cerebrospinal fluid rhinorrhea, meningitis, or-

bital injury, and carotid artery injury". In particular, fron-

Endoscopic sinus surgery (ESS) has been became the  tal sinusotomy appears to be the most difficult and risky
procedure of choice for the treatment of paranasal sinus  procedure during ESS due to anatomical complexity and
diseases. However, ESS presents challenges to surgeons  frequent individual variations of the frontal recess re-
gion®. Furthermore, the frontal sinus outflow tract is lo-
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cated at an angle that makes the endoscopic intranasal

stantially increase by anatomic landmark distortions.
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In the early 1990s, image-guided surgery (IGS) was
introduced to improve intraoperative localization, and
many authors have reported that IGS confers benefits
in terms of safety and complete sinus surgery™®. Never-
theless, despite such advances, IGS has its limitations.

Intraoperative C-arm fluoroscopy is mainly used in
orthopedic trauma surgery. We utilized this system to de-
termine routes to the frontal recess during ESS in se-
lected patients. This paper describes our experiences of
frontal sinusotomy using intraoperative C-arm fluoros-
copy and discusses the possible benefits and limitations
of this method.

Subjects and Methods

We selected 15 patients who underwent ESS from
January 2005 to July 2007. In these patients, we used
intraoperative C-arm fluoroscopy (GE OEC 9,800, Gen-

eral Electric, Salt Lake City, UT) for frontal sinusotomy.

There were 2 men and 13 women, with ages ranging
from 29 to 71 years. The decision whether or not to use
intraoperative C-arm fluoroscopy was made intraopera-
tively for various reasons, such as, revision surgery or
the presence of frontal cells. We received informed con-
sent preoperatively from all candidates concerning the
possible use of intraoperative C-arm fluoroscopy.

We checked the C-arm intraoperatively by placing a
frontal sinus curette or frontal sinus seeker at the point
of concern (Fig. 1). By integrating information acquired
from C-arm and CT images, and endoscopic views, we

were able to complete frontal sinusotomies thoroughly

and safely due to added confidence regarding the frontal
recess anatomy. In all patients, lateral view was suffi-
cient (Fig. 2).

Results

Ten of the 15 patients were undergoing revision sur-
gery (Table 1). Agger nasi cells, supraorbital cells, and
frontal cells were detected in 10, 7, and 6 of the patients,
respectively. In two patients, we could not identify pneu-
matization patterns around the frontal recess due to an-
atomic derangement caused by previous surgery. Of the

9 patients in whom we could identify uncinate process

attachment types, lamina papyracea, skull base, middle
turbinate, and mixed types were detected in 5, 1, 1 and 2

Fig. 1. Infraoperative set-up of the C-arm system. In-
fraoperatively, the C-arm is checked by placing
a frontal sinus curette or frontal sinus seeker at the
point of concern. Information acquired in endos-
copic view and from C-arm and CT images, in-
creases confidence of the frontal recess anatomy.

Fig. 2. Visuadlization of the frontal recess and sinus with a locating frontal sinus curette at the frontal recess(A),
anterior wall of the frontal sinus or nasofrontal beak (B), and within the frontal sinus(C).
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Table 1. Patients profiles with pneumatization and uncinate process attachment patterns

Patient  Sex/Age Op Cells around frontal recess Uncinate process attachment  Patency after 6mo
1 F/29 P AN, SO SB Yes
2 F/33 P AN, FC1 LP Yes
3 M/44 P AN, FC4, SO LP Yes
4 F/45 P AN Mixed Yes
5 F/41 P AN, SO MT Yes
6 F/43 R SO n.s. Yes
7 F/61 R AN, FC3 n.s. Yes
8 M/38 R AN, SO LP Yes
9 F/39 R AN, FC3 n.s. Yes

10 F/71 R AN, FC1 Mixed Yes
11 F/34 R n.s. LP Yes
12 F/43 R n.s. n.s. Yes
13 F/65 R AN, FC2 n.s. Yes
14 F/40 R SO LP Yes
15 F/38 R SO n.s. Yes

Op : operation, P : primary surgery, R : revision surgery, AN : agger nasi cell, SO : supraorbital cell, FC : frontal cell,
MT : middle turbinate, LP : lamina papyracea, SB : skull base

patients, respectively. Frontal sinusotomy was performed
successfully in all patients without complication. The
average number of C-arm lateral images taken, including
scout images taken to allow the C-arm to be precisely
positioned, was 2.8 (range of 2 to 5). The frontal sinus
outflow tract remained patent at 6 months after surgery

in all patients.
Discussion

In all patients, C-arm lateral view only was sufficient
for frontal sinusotomy. The frontal recess is bordered
by the middle turbinate medially and by the lamina pa-
pyracea laterally, both of which are easily detected by
operators during the procedure. Therefore, for precise
localization of the frontal recess in the operative field,
additional anatomic information in the anteroposterior
dimension acquired in C-arm lateral view is of consider-
able help.

IGS enables the surgeon to navigate the complex anat-
omy of the sinus region. However, IGS has some limita-
tions. In particular, it cannot reflect anatomic changes
during a procedure, because it presents surgeons with
positional information based on image data obtained
preoperatively. Furthermore, it may have a registration

error range of 2mm”. In addition, anatomic drift may

occur during a procedure, usually due to headset move-
ment, and IGS requires more operative time and is more
expensive”. Moreover, because preoperative registration
is a requisite, surgeons cannot decide to use IGS intrao-
peratively.

Intraoperative C-arm fluoroscopy, as compared to IGS,
is more straightforward and cheaper, and can provide
real-time feedback about surgical anatomy. Furthermore,
a surgeon can decide to use this system during surgery,
and there is no registration error. However, other struc-
tures surrounding sinuses and limitation of C-arm resolu-
tion mean that intraoperative C-arm fluoroscopy may
be of little help during procedures on sinuses, other than
the frontal sinus. However, the clinical utility of intrao-
perative C-arm fluoroscopy for frontal sinusotomy may
be considerable, because frontal sinusotomy is a difficult
procedure and prone to many complications. Therefore,
we consider that intraoperative C-arm fluoroscopy can
importantly complement IGS during ESS.

Conclusion

Intraoperative C-arm fluoroscopy can be used for the
frontal sinusotomy in patient with paranasal sinusitis
whose frontal recess anatomy is complicated by various

reasons. Limitation of this system is that it cannot be of
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help to the procedures of the other sinuses than frontal
sinus. Intraoperative C-arm fluoroscopy, therefore, can
be complementary to IGS during ESS.
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