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<> Functional endoscopic sinus surgery (FESS) is an effective and safe surgical technique, which revolution-
ized the surgical management of nasal cavity and paranasal sinus diseases. The intimate connection between
paranasal sinuses and the orbit places the orbital content at a risk of injury during sinus surgery, especially
that of ethmoid sinuses. The orbit, the optic nerve, extraocular muscles and the lacrimal drainage system
could be damaged during FESS. The risk of injury correlates to anatomical variations, degree and sever-
ity of disease, previous procedure results, and surgical experience. Ophthalmic complications can vary in
severity from minor ones, such as localized hematomas, to extremely dangerous, such as optic nerve injury,
that could lead to complete blindness. In order to minimize the risk of such complications, it is necessary to
consider probable anatomic variations of paranasal sinuses and orbit, which are to be detected by CT scan
before surgery.
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<> DyHKUHOHAAbHAS SHIOCKOMUUECKasi XUPYPrusi okojJoHocoBbix mnasyx (PIXIIT) npencrasgsier co-
60i1 5pheKTUBHBIN U Ge30MacHbIA ONMEPATHUBHbBIH METOJ, KOTOPBIH MPOU3BEJ PEBOJIOLMIO B XUPYpPrH-
YECKOM JIe4eHHH 3a60JIeBaHUH MOJIOCTH HOCA M OKOJIOHOCOBBIX MadyX. TecHasi cBA3b MexAy NasyXxaMu
HOCa W IJ1a3HULel ¢ €€ colepKUMbIM CO31aéT OMacHOCTb UX TPAaBMHPOBAHUS BO BpeMsl XUPYpPruu nasyx,
0CcoOeHHO TMpH BMellaTeJqbCcTBe Ha pewiéryaTom gabupunte. Bo Bpemsa @IXIT moryT 6bITh MOBPEXKAECHDI
rJa3HULA, 3pUTEJbHBII HePB, I1a30[BHraTebHbIe MBIILILLI M CAE3HbIE MYTH. PHCK TpaBMBbl TeCHO CBsI3aH
C aHATOMHYECKHUMH 0COOEHHOCTSMH, CTEMEHbIO U TAXKECThbIo 3a00J/IeBaHHUs, Pe3yJabTaTaMH NMpPeAbIAYIIHX
ornepauuii, a Tak:ke OMbITOM xHpypra. [ya3Hble 0C/0KHEHHST MOTYT BapbUpoOBaTh MO CTENeHH TAKECTH
OT HE3HAUNTEJbHBIX, TAKMX KaK JIOKaJU30BaHHBIE TEMATOMBI, 10 KpaliHe OMacHbIX, HaTIPUMep, MOBPEXK-
JleHWe 3pUTEeJbHOr0 HepBa, MpUBOJsLLee K MOJHON cjaenoTe. 1 MHHUMH3ALMH pUcKa Pa3BUTHS 3THX
0CJIOXKHEHHH He0OXOAUMO YUHTHIBATh BO3MOXKHbBIE aHATOMHUYECKHE BAPHAHThl CTPOEHHUS OKOJOHOCOBBIX
nasyx W IJIa3HMLbl, KOTOPbIE JOJKHBI BBISIBJASTHCS C MOMOLLBIO KOMIIbIOTEPHOH TOMOrpaduu Ha Mpes-
OMepalHOHHOM 3Tare.

<> Karouesvie caosa: ¢dyHKuHOHAJbHAST 3HAOCKOMHUecKast xupyprust nasyx (PIXIT); ocsoxkHeHus;
rJa3HuLa.
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BACKGROUND

In the last few decades, functional endoscopic sinus
surgery (FESS) has been widely used as a safe and
effective method for the treatment of nasal cavity and
paranasal sinus diseases [I—3]. FESS is performed to
restore proper ventilation of the paranasal sinuses and
create anatomical connection between the paranasal
sinuses and the nasal cavity, which is essential for
their normal functioning [4].

Owing to the close anatomical contiguity between
the paranasal sinuses and the orbital cavity, FESS
is associated with risk of orbital injury and other
potentially severe complications [5]. In general, the
risk of orbit injury is contingent upon the surgeon’s
experience, disease severity, surgical history, and
specific anatomical features [6, 7]. The most perilous
surgical interventions are infundibulotomy (for the
medial wall of the orbit), antrostomy (for the lower
wall of the orbit), and particularly any interventions
in the ethmoid labyrinth [8, 9]. In 1929, H.P. Mosher
wrote, “intranasal ethmoidectomy is one of the easiest
ways to kill a patient” [10]. However, surgical and
technological advancements have helped reducing
the risk of complications [11, 12]. Invention of the
shaver/microdebrider (electrosurgical instrument with
a rotating cutter and constant vacuum aspiration) in
1990s was a significant breakthrough with regard to
surgical interventions of the nasal cavity and paranasal
sinuses. However, Stankiewicz et al. [13] found that the
aspiration process is associated with an increased risk
of detachment of the periorbita and dura mater and
may result in a breach of the orbital or cranial cavity.
Any damage to the orbital lamina and the consequent
injury to the periorbital or orbital fat entail the risk of
orbital complications. If the intervention is not stopped
in time, the tip of the instrument can aspirate and
damage the surrounding tissue. This can lead to injury
of the medial rectus muscle and the optic nerve [14].

The frequency of ophthalmic complications after
FESS does not exceed 1% [15—17].

The following specific anatomical features make the
orbit particularly vulnerable to various complications
during endoscopic surgery:

1) The lateral wall of the orbit is formed by the
ethmoid bone.

2) The orbital lamina (lamina papyracea) is a
very thin bone plate, which can be easily damaged,
especially in children and elderly patients.

3) The optic nerve lies in the medial plane close to
the lateral wall of the posterior ethmoidal cells (Onodi
cells) and the sphenoid sinus.

4) The ethmoid artery (located above) is at risk
of damage.

5) Damage to the tear duct (anterior to the
uncinate process of the ethmoid bone) is also possible
[9, 18—20].

In general, ophthalmic complications associated
with FESS could be classified as follows:

1) Minor (class 1): injury to orbital lamina;
periorbital hemorrhage; orbital emphysema; transient
diplopia; eyelid edema; and lipogranuloma.

2) Moderate (class II): injury to the nasolacrimal
canal.

3) Major (class III): injury to oculomotor muscles;
permanent diplopia; orbital hematoma; optic nerve
injury; subperiosteal abscess; orbital cellulitis; and
enophthalmos [15].

Clinical manifestations of orbital injuries range
from pain and diplopia to absolute blindness [13, 21].

In the present study, we sought to determine the
frequency of ophthalmic complications associated
with FESS.

MATERIALS AND METHODS

We conducted a retrospective analysis of 920
clinical records of patients with chronic polypoid
rhinosinusitis, who were treated between 2012 and
2016 at the Department of Otorhinolaryngology at
the Pavlov First Saint Petersburg State Medical
University. The sample included 423 males (45.97 %)
and 497 females (55.02%). The mean age of
patients was 45 (range: 17—86) years. The diagnosis
was established after otorhinolaryngological and
ophthalmic examinations and cone-beam (Figures 1
and 2) or multislice computed tomography. The study
included patients who underwent surgical intervention
in the frontal, sphenoid, or ethmoid sinuses. All the
patients underwent endonasal surgery. The frequency
of complications is shown in Table 1.

All surgeries were performed under general
anesthesia by the same surgeon. Procedures included
the removal of polyps using a shaver (microdebrider)
and subsequent opening of the maxillary sinus,
frontal sinus, sphenoidal sinus, and the cells of the
ethmoid labyrinth. Front tamponade of the nasal
cavity was performed to maintain intraoperative
hemostasis. The details of surgical procedures are
provided in Table 2.

RESULTS AND DISCUSSION

Minor complications were encountered in 7
(0.76%) patients; moderate complications occurred
in only one (0.11%) patient. None of the patients
experienced major complications. The overall
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Table 1
Ophthalmic complication rate in FESS
Tabauya 1
Yacrora odhTanbMOJOrMUECKUX OCJI0XKHEHUI MPU (PYHKLMOHANBHOI 9HI0CKONUYECKON XUPYPIrMH OKOJNIOHOCOBBIX Ma3yx
Type of complication The number of patients (abs.) %
Minor:
o 0.65
+ periorbital hemorrhage; L1
+ orbital emphysema '
Moderate:
+ nasolacrimal canal injury 1.1
Major 0
Total 0.87
Fig. 1. CT scan of paranasal sinuses, chronic polypous rhinosinusitis
Puc. 1. KommnbioTepHasi ToMorpaMMa OKOJIOHOCOBBIX 11a3yX, XPOHHUECKHH TTOJIUIIO3HBIH PHHOCHHYCHT

incidence of ophthalmic complications in the study
population was 0.87%, which is consistent with that
reported elsewhere [15—17].

Minor complications were primarily associated
with  injury to the orbital lamina during
ethmoidectomy. Patients who experienced ophthalmic
complications were immediately counseled by an
ophthalmologist. Conservative treatment including
systemic therapy to resolve edema and close follow-
up were used. Canthotomy and cantholysis were not
performed.

In the only case of injury to the nasolacrimal
canal, the injury was sustained after the removal of
the uncinate process of the ethmoid bone. Restoration
of the lacrimal system was carried out by endonasal
laser dacryocystorhinostomy during the postoperative
period.

No major complications were observed in the
present study population. According to currently
available data, complications such as orbital
hematoma, optic nerve injury, and injury to
oculomotor muscles are more commonly associated
with ethmoidectomy, sphenoethmoidectomy,
and frontoethmoidectomy (reported incidence is
approximately 0.1%) [9, 22]. Orbital hematoma
may develop because of arterial or venous bleeding.
Injury to anterior ethmoidal artery, which lies along
the roof of the ethmoid labyrinth posteriorly to the
frontal recess, is the most frequently reported cause
of bleeding. This artery is typically located within the
skull base; however, in some cases it may be located
outside the skull base. The injured artery tends to
retract into the orbit, which causes rapid bleeding in a
confined space resulting in orbital hematoma. Injury
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Table 2

Extent of surgeries in the analyzed group

Tabauya 2
0O61bém onepauuii B aHaJU3UPyeMoOii rpymnmne

Surger Number Number Number of Number of
gery of surgeries (n) of surgeries (%) complications (n) complications (%)
Ethmoidectomy 551 59.9 5 0.54
Sphenoethmoidectomy 219 23.8 1 0.11
Frontoethmoidectomy 97 10.5 2 0.22
Frontosphenoethmoidectomy 53 5.8 0 0
Total 920 100 8 0.87
Fig. 2. CT scan of paranasal sinuses: a shadowing of ethmoid sinus cells and of the right maxillary sinus of mucus edema
type

Puc. 2. KomnbloTepHas ToMorpagust 0KOJIOHOCOBBIX 11a3yX: ONpeje/isieTcss 3aTeHeHHe KJEeTOK pelléTyaTtoro JabUpUHTa U 1paBo

BEPXHEUEJIIOCTHON Na3yXH 110 THIY OTEKA CJIU3UCTON 060J104UKU

to the posterior ethmoidal artery is less common
because of its anatomical location, which renders it
less accessible to surgical instruments. Early signs
of orbital hematoma include sharp reduction in visual
acuity, preseptal edema, bruising, exophthalmos, and
increased intraocular pressure. These complications
are quite serious as they may result in blindness
caused by optic nerve compression in the retrobulbar
space and require immediate treatment [15, 16, 19].
Direct injury to the optic nerve is also rare and is
usually associated with mechanical trauma caused
by the shaver (microdebrider) [23]. Injury to the
oculomotor muscles occurs because of preoperative
or intraoperative damage to the orbital lamina. It
may lead to diplopia because of muscle entrapment
by the bone fragments, direct injury to oculomotor
muscles, or secondary injury induced by nerve
trauma [24, 25].

The following measures are recommended to
prevent intraoperative complications:

+ Preoperative assessment of the outline of the orbital
cavity, infraorbital and supraorbital structures and
their thickness using computed tomography.

+ Preoperative identification of the anterior
ethmoid artery location is necessary to prevent
intraoperative bleeding. The bony protrusion at
the junction of the medial rectus muscle and the
superior oblique muscle is an optimum point of
orientation for determining the location of this
artery.

+ Identification of sphenoethmoidal cells (Onodi
cells) prior to FESS helps averting damage to the
optic nerve and the internal carotid artery.

+ The optic nerve and the carotid artery form a
groove (unilateral or bilateral) in the lateral wall
of the sphenoid sinus. Some of these grooves

<> OPHTHALMOLOGY JOURNAL

Vol 10 Nol 2017

ISSN 1998-7102



IN OPHTHALMOLOGY PRACTITIONERS

L)

+ Topical

may possess dehiscent areas, which increase the
risk of damage to the optic nerve and carotid
artery. Preoperative assessment using an axial
computed tomogram will help avoid iatrogenic
complications.

General anesthesia and controlled hypotension
help minimize intraoperative blood loss.
decongestants, prothrombotic agents,
and a bipolar cautery should be available during
surgery.

If the orbital lamina is injured, the thickness of
periorbital fat and periorbita should be estimated.
In the absence of any signs of orbital or periorbital
trauma, the surgery can be continued. If the
periorbita is injured and the periorbital fat is
opened, intraocular pressure must be measured.
The presence of periorbital fat or periorbita in the
surgical field can be determined by careful eye
ballottement and endoscopic examination.

Blind cauterization should be avoided to prevent
injury to the optic nerve and oculomotor muscles.
Bipolar cauterization is effective when bleeding is
not associated with the orbit itself.

Patient’s eyes should be kept opened during
endoscopic surgery. Any signs of swelling,
bruising, or afferent pupillary defect call for
immediate cessation of surgery.

Nasal tamponade over the opened top of the
orbit should be avoided to prevent optic nerve
compression.

CONCLUSIONS

Ophthalmic complications of FESS are rare but

potentially dangerous events. The frequency of major
complications is <1%. A thorough preoperative
examination is critical to minimizineg the risk of
complications. Specific anatomical features of the
paranasal sinuses and the orbit should be assessed
prior to the surgery using computed tomography and
magnetic resonance imaging (if necessary).

REFERENCES

1.

McMains KC. Safety in endoscopic sinus surgery. Curr Opin Oto-
laryngol Head Neck Surg. 2008Jun;16(3):247-251. doi: 10.1097/
M0Q.0b013e3282fdccad.

Cho D, Hwang PH. Results of endoscopic maxillary mega-
antrostomy in recalci-trant maxillary sinusitis. Am J Rhinol.
2008;22(6):658-662. doi: 10.2500/ajr.2008.22.3248.
Kapnuuwenko C.A., BepewarnHa 0.E. KayectBo wu3Hu puHo-
normyeckux GonbHbix // Bpay. — 2013. — N°7. — C. 57-59.
[Karpishchenko SA, Vereshchagina OE. Kachestvo zhizni
rinologicheskih bol'nih. Vrach. 2013(7):57-59. (In Russ.)]
Kapnuuenko C.A., bonosxesa E.B., BapaHckas C.B. Peuu-

10.

11.

12.

13.

14.

15.

16.

17.

OVBMDYIOWMA CUHYCAT W PEBM3WNOHHAA XWPYPTWA Yy NaLneH-
Ta C MHOTOKamepHON BepxHeuentocTHol nasyxoir // Folia
Otorhinolaryngologiae et Pathologiae Respiratoriae. — 2015. —
T.21. — N°4. — C. 41-46. [Karpischenko SA, Bolozneva EV,
Baranskaya SV. Recurrentsinusitisand revisionsurgery inapatient
with a multicells maxillary sinus. Folia Otorhinolaryngologiae et
Pathologiae Respiratoriae. 2015;21(4):41-46. (In Russ.)]
Hopkins C, Browne JP, Slack R, et al. Complications of surgery for
nasal polyposis and chronic rhinosinusitis: the results of a national
audit in England and Wales. Laryngoscope. 2006;116:1494-1499,
doi: 10.1097/01.mlg.0000230399.24306.50.

Kapnnuierko C.A., BepewarnHa O.E, Ctanuesa O.A. MocnencTana
pUHONoruyeckux onepaunis // Folia Otorhinolaryngologiae et
Pathologiae Respiratoriae. — 2016. — T. 22. — N°1. — C. 89-92.
[Karpischenko SA, Vereschagina OF, Stancheva OA. Outcomes
rhinological ~ operations.  Folia  Otorhinolaryngologiae et
Pathologiae Respiratoriae. 2016;22(1):89-92. (In Russ.)]

Lim JC, Hadfield PJ, Ghiacy S, et al. Medial orbital protrusion: a po-
tentially hazardous anomaly during endoscopic sinus surgery. J La-
ryngol Otol. 1999;113:754-5. doi: 10.1017/50022215100145116.
Corey JP, Bumsted R, Panje W, Namon A. Orbital complica-
tions in functional endoscopic sinus surgery. Otolaryngol Head
Neck Surg. 1993;109;814-820. doi: 10.1177/0194599893109
00507.

Bhatti MT, Stankiewicz JA. Ophthalmic complications of en-
doscopic sinus surgery. Surv Ophthalmol. 2003;48:389-402.
doi: 10.1016/50039-6257(03)00055-9.

Mosher HP. The surgical anatomy of the ethmoidal labyrinth. Ann Otol
Rhinol Laryngol. 1929;38:869-901. doi: 10.1177/000348942903800401.
Kennedy DW. Technical innovations and the evolution
of endoscopic sinus surgery. Ann Otol Rhinol Laryngol.
2006Sep;196(Suppl):3-12. doi: 10.1177/000348940611505902.
Shah RN, Leight WD, Patel MR, et al. A controlled laboratory and
clinical evaluation of a three-dimensional endoscope for endona-
sal sinus and skull base surgery. Am J Rhinol Allergy. 2011May-
Jun;25(3):141-144. doi: 10.2500/ajra.2011.25.3593.
Stankiewicz JA, Lal D, Connor M, Welch K. Complications in
endoscopic sinus surgery for chronic rhinosinusitis: a 25-year
experience. Laryngoscope. 2011;121: 2684-2701. doi: 10.1002/
lary.21446.

Terrel JE. Primary sinus surgery. Eds. C.W. Cummings,
J.M. Fredrickson, L.A. Harker, et al. Otolaryngol Head Neck Surg.
3rd ed. St. Louis: Mosby-year book; 1998(2). 1155 p.

Siedek V, Pilzweger E, Betz C, et al. Complications in endona-
sal sinus surgery: a 5-year retrospective study of 2,596 patients.
Eur Arch Otorhinolaryngol. 2013;270:141-148. doi: 10.1007/
500405-012-1973-z.

Asaka D, Nakayama T, HamaT, etal. Risk factors for complications
of endoscopic sinus surgery for chronic rhinosinusitis. Am J Rhi-
nol Allergy. 2012;26:61-64. doi: 10.2500/ajra.2012.26.3711.
Han JK, Higgins TS. Management of orbital complications in en-
doscopic sinus surgery. Curr Opin Otolaryngol Head Neck Surg.
2010;18:32-36. doi: 10.1097/M00.0b013e328334a9f1.

<> OPHTHALMOLOGY JOURNAL

Vol 10 Nol

2017 ISSN 1998-7102



IN OPHTHALMOLOGY PRACTITIONERS

18. Rene C, Rose GE, Lenthall R, Moseley I. Major orbital com-
plications of endoscopic sinus surgery. Br J Ophthalmol.
2001;85:598-603. doi: 10.1136/bj0.85.5.598.

19. Lund VJ, Kennedy DW. Quantification for staging sinusitis.
The Staging and Therapy Group. Ann Otol Rhinol Laryngol.
1995;167(Suppl):17-21.

20. Corey JP, Bumsted R, Panje W, Namon A. Orbital complications
in functional endoscopic sinus surgery. Otolaryngol Head Neck
Surg. 1993;109:814-820. doi: 10.1177/019459989310900507.

21. Rombout J, de Vries N. Complications in sinus surgery
and new classification proposal. Am J Rhinol. 2001; Nov-
Dec;15(6):363-370.

Information about the authors

22. Stankiewicz JA, Chow JM. Two faces of orbital hematoma in in-
tranasal (endoscopic) sinus surgery. Otolaryngol Head Neck Surg.
1999;120:841-847. doi: 10.1016/50194-5998(99)70324-4.

23. Bhatti MT. Neuro-ophthalmic complications of endoscopic sinus
surgery. Curr Opin Ophthalmol. 2007;18:450-458. doi: 10.1097/
ICU.0b01363282f0b47e.

24. Michel O, Bresgen K, Russmann W, et al. Endoscopically controlled
endonasal orbital decompression in malignant exophthalmos. Laryn-
gorhinootologie. 1991;70:656-662. doi: 10.1055/5-2007-998119.

25. Metson R, Dallow RL, Shore JW. Endoscopic orbital decompres-
sion. Laryngoscope.1994;104:950-957. doi: 10.1288/00005537-
199408000-00008.

Csederus 06 asmopax

Sergey A. Karpishchenko — professor, head of Otorhinolar-
yngology Department. FSBEI HE “Academician I.P. Pavlov
First St Petersburg State Medical University” of the Ministry
of Healthcare of Russia, Saint Petersburg, Russia. E-mail:
karpishchenkos@mail.ru.

Natalya Yu. Beldovskaya — MD, PhD, assistant profes-

sor. Ophthalmology Department. FSBEI HE “Academician
[.P. Pavlov First St Petersburg State Medical University” of the
Ministry of Healthcare of Russia, Saint Petersburg, Russia.
E-mail: beldovskay @mail.ru.

Svetlana V. Baranskaya — MD, postgraduate student. Otorhi-
nolaryngology Department. FSBEI HE “Academician

[.P. Pavlov First St Petersburg State Medical University” of the
Ministry of Healthcare of Russia, Saint Petersburg, Russia. E-

mail: sv-v-b@yandex.ru.

Artemiy A. Karpov — MD, otorhinolaryngologist. Otorhino-
laryngology Department. FSBEI HE “Academician 1.P. Pavlov
First St Petersburg State Medical University” of the Ministry of
Healthcare of Russia, Saint Petersburg, Russia. E-mail: artemi-
ykarpov@mail.ru.

Cepreii AnatosnbeBuu KapnuuieHko — npodeccop, 3aBeyto-
LMH Kadeapoil 0TOPHHOMAPHUHTOJIOTHH ¢ KAHHHKOH. PTBOY BO
«TICTI6I'MY um. WM.IT. IMaBnoBa» MunsnpaBa Poccun, CaHkr-
[Terep6ypr. E-mail: karpishchenkos@mail.ru.

Haranus MOpbeBHa BeanoBckas — Kkauja. Med. Hayk, JO-
ueHT Kadenpbl odransmosorud. GIBOY BO «IICIT6IMY
um. WM.IT. ITaBnoBa» Munsnpasa Poccun, Caukr-IletepGypr.
E-mail: beldovskay@mail.ru.

Cernana BanepbeBHa bapaHckas — ouHBIl acmupaHT
Kacenpsl  oTopuHoJIapuHTOJOTHH ¢ KiauHuKoH. PI'BOY BO
«[1CIT6I'MY um. WM.I1. I1aBnoBa» Munanpasa Poccun, Cankr-
[Tetep6ypr. E-mail: sv-v-b@yandex.ru.

Apremuit AnekceeBnu KaprnoB — Bpau-0TOPHHOJAPHHIOJIOT
KJIMHUKK  oTopuHosaputrosorud. GI'BOY BO «IICII6I'MY
uM. M.I1. [laBnoBa» MunsnpaBa Poccun, Cankr-IletepGypr.
E-mail: artemiykarpov@mail.ru.

<> OPHTHALMOLOGY JOURNAL

Vol 10 Nol 2017

ISSN 1998-7102



