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Traumatic operative injury of the optic nerve in an endoscopic sinus surgery may cause immediate or delayed blindness. It should
be cautioned when operating in a sphenoethmoidal cell, or known as Onodi cell, with contact or bulge of the optic canal. It remains
unclear how frequent progression to visual loss occurs and how long it progresses to visual loss because of a diseased
sphenoethmoidal cell. Research to discuss these questions is expected to help decision making to treat diseased sphenoethmoidal
cells. From July 2001 to June 2017, 216 patients received conservative endoscopic sinus surgery without opening a diseased
sphenoethmoidal cell. We used their computed tomography images of paranasal sinuses to identify diseased sphenoethmoidal
cells that could be associated with progression to visual loss. Among the 216 patients, 52.3% had at least one sphenoethmoidal
cell, and 14.8% developed at least one diseased sphenoethmoidal cell. One patient developed acute visual loss 4412 days after the
first computed tomography. Our results show that over half of the patients have a sphenoethmoidal cell but suggest a rare
incidence of a diseased sphenoethmoidal cell progressing to visual loss during the follow-up period.

1. Introduction

Severe visual loss is a major complication of endoscopic
sinus surgery (ESS) (e.g., see [1]) when damaging to the
optic nerve in the sphenoid sinus or more commonly in
a sphenoethmoidal cell. A sphenoethmoidal cell or Onodi
cell [2], the posteriormost ethmoidal air cell that extends
posteriorly to lie superolateral to the sphenoid sinus, has
been listed as a high-risk area in ESS (e.g., see [3]). The
optic canal may swell or protrude outward a sphenoeth-
moidal cell and be recognized as an air cell during the
procedures. Traumatic operative injury to the optic nerve
may cause immediate or delayed blindness [4].

The disease in the sphenoethmoidal cell itself can lead to
visual loss. The progression to visual loss is affected by
numerous factors, including characteristics and location of
the disease. Optic neuropathy or orbital apex syndrome has
been reported to be caused by diseased sphenoethmoidal
cells, such as an isolated mucocele in a lateral sphenoeth-
moidal cell [5–7], a mucocele in a central sphenoethmoi-
dal cell [8–10], multiple mucoceles in ethmoid cells [11],
sphenoethmoidal cell polyps or sinusitis [12, 13], or a fungal
infection within a sphenoethmoidal cell [14]. Another factor
is surgical or nonsurgical intervention. Nonsurgical resolu-
tion has been reported in an anterior clinoidal mucocele
causing optic neuropathy—the visual acuity recovered
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1 month after the onset with oral antibiotic treatment [15].
The likelihood of visual loss and the progression time remain
unclear and require research that will help decision making
to treat diseased sphenoethmoidal cells.

This study is aimed at identifying incidence and location
of the sphenoethmoidal cell in a relatively large number of
patients undergoing conservative ESS. The study also is
aimed at presenting the relationship among the incidence
of an existing sphenoethmoidal cell, the incidence of a
diseased one, and visual loss.

2. Materials and Methods

From July 2001 to June 2017, we enrolled patients who met
these criteria:

(i) With at least one of computed tomography (CT) of
paranasal sinuses

(ii) Underwent an ESS performed by Huang

(iii) Without a diseased sphenoethmoidal cell opened
unless there were visual symptoms

We identified a sphenoethmoidal cell and its disease
status in CT scans ordered to evaluate a patient’s first or
recurrent chronic rhinosinusitis, based on axial and coronal
planes with help of other information from sagittal planes
as recommended by Chmielik and Chmielik [16]. The CT
image was in a bone window setting to optimally display thin
air-cell bones. The risk of progression to visual loss was
assessed by any diseased sphenoethmoidal cells. We defined
a diseased lateral sphenoethmoidal cell as the opaque poster-
iormost ethmoidal air cell that extends more than or equal to
5mm posteriorly to lie superolateral to the sphenoid sinus
and contacts or encases an optic canal. We defined a diseased
central sphenoethmoidal cell as an opaque posterior ethmoid
cell that lies superiorly and extends more than or equal to
5mm to the sphenoid sinus in a midline position, contacting
or encasing at least one optic canal. We counted the patient
having an opaque sphenoethmoidal cell only found in the
CT scan for recurrent chronic rhinosinusitis as one who
had a diseased sphenoethmoidal cell. A diagnosis is made
based on the consensus between Huang (otolaryngologist)
and Lee (radiologist). Huang performed ESS following the
standard routine to remove the disease in air cells. We
defined visual loss as same-side visual acuity of or worse than
the level of discrimination of hand movement. We followed it
at the clinic or by a phone call if the patient did not come
back to the clinic between Mar. and Sep. 2017.

We reported the incidence of an existing sphenoethmoi-
dal cell by location as the number of existing sphenoethmoi-
dal cell divided by the number of individuals. With the
consideration of the losses of follow-up, we reported the
cumulative incidence [17] of the diseased sphenoethmoidal
cell by the following equation:

i = d
p − 0:5 ∗ l

ð1Þ

where i is the cumulative incidence, d is the number of
diseased sphenoethmoidal cells, p is the number of total
individuals, and l is the number of those that did not have a
diseased sphenoethmoidal cell in the available CT scans but
lost to follow-up. The follow-up time since the first diagnosis
of the diseased sphenoethmoidal cell was summarized. The
calculations were performed in Matlab 2017a (MathWorks,
Natick, MA).

3. Results

We enrolled 216 patients who underwent an ESS in the study.
The mean age was 51 years (on the operation date) with a
standard deviation of 16.7 years. One hundred and thirteen
(52.3%) patients had at least one sphenoethmoidal cell.
Eighty-five (39.4%) patients had a sphenoethmoidal cell on
the right and 86 (39.8%) patients had one on the left. Two
patients had a central sphenoethmoidal cell, which accounts
for 0.9% of patients. Figure 1 presents a case with bilateral
sphenoethmoidal cells. Figure 2 presents images of one
patient with a central sphenoethmoidal cell.

Opacity including sinusitis or mucocele was present in
23 diseased sphenoethmoidal cells on the right (23/85), 26
on the left (26/86), and 0 in the center. Thirty-two
patients developed at least one diseased sphenoethmoidal
cell. Figure 3 presents a right diseased sphenoethmoidal
cell. Ten out of the 32 patients were lost to follow-up.
The cumulative incidence of a diseased sphenoethmoidal
cell in patients with at least one existing sphenoethmoidal
cell was 28.4% and in all patients 14.8%.

Among the 32 patients who developed at least one
diseased sphenoethmoidal cell, one patient’s CT showed
bilateral opaque sphenoethmoidal cells (Figure 4) when he
underwent his initial ESS in 2005. Twelve years (4412 days
after the first CT) later, he presented to the hospital with
acute right visual loss to the acuity of discrimination of hand
movement, which was caused by the progressing right
diseased sphenoethmoidal cells (Figure 5). He was then
transferred to the otolaryngology department 30 days after
the onset of visual loss. We performed image-guided ESS 11
days later (41 days after the onset of visual loss). However,
the visual acuity of his right eye improved only from discrim-
ination of hand movement to finger count after the surgery.

Figure 1: An example of bilateral sphenoethmoidal cells that meet
the criteria of more than or equal to 5mm posterior or
superolateral extension. R: right sphenoethmoidal cell; L: left
sphenoethmoidal cell; S: sphenoid sinus; arrow: optic canal.
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The surgery successfully drained out the mucocele inside the
right diseased sphenoethmoidal cell. It eroded tegmen of the
ethmoid sinus and lamina papyracea. We lost 10 out of the 32
patients to follow-up, and no other one in the rest of 22
developed visual loss (12 visited the clinic regularly, and the
other 10 were reached by a telephone survey due to their
unwillingness to come back). The follow-up time since the
first CT ranged from 70 to 4799 days with the mean follow-
up days of 1750.

4. Discussion

A lack of systemic studies in the literature addressed the
progression from a diseased sphenoethmoidal cell to visual
loss. As mentioned in Introduction, the progression to
visual loss is affected by various factors such as characteristics
and location of the disease (e.g., an isolated mucocele in a
lateral [5–7] or central [8] sphenoethmoidal cell, polyps or
sinusitis [12, 13], or a fungal infection [14]). Some authors
(e.g., [11, 12]) suggested that diabetics present little or no

nasal symptoms and may be related to acute visual loss. Some
reports (e.g., [18, 19]) proposed that tooth extraction and
fracture of the sinus wall, permitting passage of pathogens,
in an immunocompromised patient can lead to acute visual
impairment because of orbital apex syndrome. Yet, as a
descriptive study, a conclusion of what causes a diseased
sphenoethmoidal cell or visual loss is misleading. With a
relatively large sample number compared with the similar
statistic reports in the literature, our results showed that
52.3% of ESS patients (n = 216) had at least one sphenoeth-
moidal cell, and 14.8% developed at least one diseased
sphenoethmoidal cell. Among them, one patient was diag-
nosed with acute visual loss 12 years after the first CT, which
suggests rare occurrence of acute severe visual loss caused by
progressing diseased sphenoethmoidal cells in a short term.

The incidence of a sphenoethmoidal cell was reported
from 8% to 60% [16, 20–25] varying with the definition and
race. By our definition, 52.3% of 216 patients had at least
one sphenoethmoidal cell.

The incidence of a central sphenoethmoidal cell [8–10]
was rarely described, if ever, because of its anatomical
relationship. Mucocele in a central sphenoethmoidal cell
has been reported to cause simultaneous bilateral visual
disturbance [8]. By our definition, the incidence of a cen-
tral sphenoethmoidal cell in our study was 0.9% (2/216).
We observed no diseased central sphenoethmoidal cell.

Disease abutting the optic nerve is one indication
endorsed by the American Academy of Otolaryngology-
Head and Neck Surgery [26] for the intraoperative use of
image-guided surgery in appropriately select cases to assist
the surgeon in clarifying complex anatomy during sinus
and skull base surgery. The accuracy achieved by commer-
cially available image-guided surgery systems can be less than
or equal to 1.5mm [27]. It is believed ethically impossible
to corroborate the benefits of image-guided surgery with
Level 1 evidence [26] for studies in the literature because
of limitations of the study design [28]. Most surgeons
believe that the image-guided surgery system is an impor-
tant tool in minimizing the major complications such as
visual loss [26, 28], as studies had showed a trend to fewer
major complications with image-guided surgery systems

Figure 2: Three consecutive up-down CT images of an example of central sphenoethmoidal cell (C) that lies superiorly, extends more than
5mm to the sphenoid sinus (S), and contacts right optic canal (arrow).

Figure 3: An example of right diseased sphenoethmoidal cell (R).
S: sphenoid sinus; arrow: optic canal.
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(e.g., [29, 30]). The use of intraoperative surgical naviga-
tion for endoscopic sinus surgery could be considered for
patients with a sphenoethmoidal cell.

5. Conclusions

Diseased sphenoethmoidal cells are associated with the
risk of visual loss. Our results suggest that, even though
a diseased sphenoethmoidal cell is frequent in people sub-
jected to ESS, vision loss is infrequent among people with a
diseased sphenoethmoidal cell. As over half of the patients
have a sphenoethmoidal cell, we suggest preoperative and
intraoperative identification of any sphenoethmoidal cells.
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the subjects can be found in Supplementary Materials
(available here).

Ethical Approval

The Institutional Review Board of Chang Gung Medical
Foundation, Taiwan, granted ethical approval to carry out
this study (#201800164B0).

Conflicts of Interest

All authors declare no conflict of interest.

Supplementary Materials

Raw data of the subjects. (Supplementary Materials)

References

[1] C. Rene, G. E. Rose, R. Lenthall, and I. Moseley, “Major orbital
complications of endoscopic sinus surgery,” The British Jour-
nal of Ophthalmology, vol. 85, no. 5, pp. 598–603, 2001.

[2] A. Ónodi, “III. Die Sehstörungen und Erblindung nasalen
Ursprunges, bedingt durch Erkrankungen der hinteren Neben-
höhlen,” Ophthalmologica, vol. 12, no. 1, pp. 23–46, 1904.

Figure 4: Initial presentation of the bilateral diseased sphenoethmoidal cells in 2005. Consecutive CT images of the patient who developed
visual loss. R: right sphenoethmoidal cell; L: left sphenoethmoidal cell; S: sphenoid sinus.

(a) (b) (c)

Figure 5: Progression of the right diseased sphenoethmoidal cell of the patient who developed visual loss in similar cuts of CT images
in Aug. 2005 (a), Dec. 2005 (b), and Apr. 2017 (c). R: right sphenoethmoidal cell.

4 BioMed Research International

http://downloads.hindawi.com/journals/bmri/2020/2410415.f1.csv


[3] T. Ohnishi, T. Tachibana, Y. Kaneko, and S. Esaki, “High-risk
areas in endoscopic sinus surgery and prevention of complica-
tions,” The Laryngoscope, vol. 103, no. 10, pp. 1181–1185,
1993.

[4] M. May, H. L. Levine, S. J. Mester, and B. Schaitkin, “Com-
plications of endoscopic sinus surgery: analysis of 2108
patients—incidence and prevention,” The Laryngoscope,
vol. 104, no. 9, pp. 1080–1083, 1994.

[5] Y. Ogata, Y. Okinaka, and M. Takahashi, “Optic neuropathy
caused by an isolated mucocele in an Onodi cell,” ORL,
vol. 60, no. 6, pp. 349–352, 1998.

[6] K. Kitagawa, S. Hayasaka, K. Shimizu, and Y. Nagaki, “Optic
neuropathy produced by a compressed mucocele in an Onodi
cell,” American Journal of Ophthalmology, vol. 135, no. 2,
pp. 253-254, 2003.

[7] K. Yoshida, T. Wataya, and S. Yamagata, “Mucocele in an
Onodi cell responsible for acute optic neuropathy,” British
Journal of Neurosurgery, vol. 19, no. 1, pp. 55-56, 2009.

[8] Y. Fukuda, K. Chikamatsu, H. Ninomiya, Y. Yasuoka,
M. Miyashita, and N. Furuya, “Mucocele in an Onodi cell with
simultaneous bilateral visual disturbance,” Auris Nasus
Larynx, vol. 33, no. 2, pp. 199–202, 2006.

[9] D. V. Cherla, S. Tomovic, J. K. Liu, and J. A. Eloy, “The central
Onodi cell: a previously unreported anatomic variation,”
Allergy & Rhinology, vol. 4, no. 1, pp. e49–e51, 2013.

[10] G. Ramamoorthy, Role of Imaging in Rhinology, Geetha R,
2014.

[11] J.-L. Loo, A. L.-G. Looi, and L.-L. Seah, “Visual outcomes in
patients with paranasal mucoceles,” Ophthalmic Plastic &
Reconstructive Surgery, vol. 25, no. 2, pp. 126–129, 2009.

[12] E. Chee and A. Looi, “Onodi sinusitis presenting with orbital
apex syndrome,” Orbit, vol. 28, no. 6, pp. 422–424, 2009.

[13] T. Taflan, İ. Gūngōr, S. Çengel Kurnaz, and L. Gūngōr, “Optıc
neuropathy secondary to inflammation of sphenoidal sinuses
and Onodi cell polyps: a case report,” Ocular Immunology
and Inflammation, vol. 21, no. 3, pp. 247–250, 2013.

[14] Y. I. Cheon, S. L. Hong, H. J. Roh, and K. S. Cho, “Fungal ball
within Onodi cell mucocele causing visual loss,” The Journal of
Craniofacial Surgery, vol. 25, no. 2, pp. 512–514, 2014.

[15] S. Deshmukh and F. Demonte, “Anterior clinoidal mucocele
causing optic neuropathy: resolution with nonsurgical ther-
apy,” Journal of Neurosurgery, vol. 106, no. 6, pp. 1091–1093,
2007.

[16] L. P. Chmielik and A. Chmielik, “The prevalence of the Onodi
cell - most suitable method of CT evaluation in its detection,”
International Journal of Pediatric Otorhinolaryngology, vol. 97,
pp. 202–205, 2017.

[17] M. Szklo and F. J. Nieto, Epidemiology: Beyond the Basics,
Jones & Bartlett Learning, 2014.

[18] S. Subramaniam, C. Min Tet, W. Hazabbah Wan Hitam et al.,
“Orbital apex syndrome after tooth extraction in an immuno-
compromised patient,” International Journal of Ophthalmol-
ogy, vol. 4, no. 1, pp. 112–114, 2011.

[19] B. L. Hershey and T. C. Roth, “Orbital infections,” Seminars in
Ultrasound, CT and MRI, vol. 18, no. 6, pp. 448–459, 1997.

[20] J. Kainz and H. Stammberger, “Danger areas of the posterior
rhinobasis: An endoscopic and anatomical-surgical study,”
Acta Oto-Laryngologica, vol. 112, no. 5, pp. 852–861, 2009.

[21] F. Meloni, R. Mini, S. Rovasio, F. Stomeo, and G. P. Teatini,
“Anatomic variations of surgical importance in ethmoid laby-
rinth and sphenoid sinus. A study of radiological anatomy,”

Surgical and Radiologic Anatomy, vol. 14, no. 1, pp. 65–70,
1992.

[22] D. G. Weinberger, V. K. Anand, M. al-Rawi, H. J. Cheng, and
A. V. Messina, “Surgical anatomy and variations of the Onodi
cell,” American Journal of Rhinology, vol. 10, no. 6, pp. 365–
370, 1996.

[23] S. Thanaviratananich, K. Chaisiwamongkol, S. Kraitrakul, and
W. Tangsawad, “The prevalence of an Onodi cell in adult Thai
cadavers,” Ear, Nose, & Throat Journal, vol. 82, no. 3, pp. 200–
204, 2019.

[24] H. K. Tan and Y. K. Ong, “Sphenoid sinus: an anatomic and
endoscopic study in Asian cadavers,” Clinical Anatomy,
vol. 20, no. 7, pp. 745–750, 2007.

[25] K. H. Yeoh and K. K. Tan, “The optic nerve in the posterior
ethmoid in Asians,” Acta Oto-Laryngologica, vol. 114, no. 3,
pp. 329–336, 2009.

[26] AAO-HNS, Position statement: intra-operative use of computer
aided surgery, 2014.

[27] M. J. Citardi and P. S. Batra, “Intraoperative surgical naviga-
tion for endoscopic sinus surgery: rationale and indications,”
Otolaryngology–Head and Neck Surgery, vol. 15, no. 1,
pp. 23–27, 2007.

[28] V. R. Ramakrishnan, T. T. Kingdom, J. V. Nayak, P. H. Hwang,
and R. R. Orlandi, “Nationwide incidence of major complica-
tions in endoscopic sinus surgery,” International Forum of
Allergy & Rhinology, vol. 2, no. 1, pp. 34–39, 2012.

[29] K. P. Tschopp and E. G. Thomaser, “Outcome of functional
endonasal sinus surgery with and without CT-navigation,”
Rhinology, vol. 46, no. 2, pp. 116–120, 2008.

[30] D. M. Dalgorf, R. Sacks, P.-J. Wormald et al., “Image-guided
surgery influences perioperative morbidity from endoscopic
sinus surgery: a systematic review and meta-analysis,”
vol. 149, no. 1, pp. 17–29, 2013.

5BioMed Research International


	A 16-Year Study on Incidence and Progression of Diseased Sphenoethmoidal (Onodi) Cell
	1. Introduction
	2. Materials and Methods
	3. Results
	4. Discussion
	5. Conclusions
	Data Availability
	Ethical Approval
	Conflicts of Interest
	Supplementary Materials

