
B-ENT, 2011, 7, 277-282

Introduction

Endoscopic endonasal surgery

(EES) for sinus disease is one of

the most commonly performed

procedures in otolaryngology.1

Indications have gradually expan-

ded from simple cases of chronic

sinusitis to various disorders of the

paranasal sinuses and the anterior

& middle skull base. Increased use

of these approaches combined with

the complex anatomy of the region,

vicinity of vital structures to the

surgical field, and dependence of

surgery on anatomical landmarks

which can be altered with tumour

growth or revision surgery has led

to concerns arising about the com-

plications of these procedures.

Complications of EES can be

catastrophic, including intracrani-

al damage, blindness, and death.

The overall rate of major compli-

cations with EES is 0.3%-3.0%.2

However, as these procedures are

performed more frequently, it may

become a common cause of mal-

practice lawsuits against otolaryn-

gologists. This in part led to the

application of navigational sys-

tems such as that used by neuro-

surgeons since 1985. As the sys-

tems become more user-friendly,

its use in EES gained popularity

among otolaryngologists.2

Image guidance provides the

surgeon with an intra-operative

display of surgical instrument

positions on pre-operative CT or

MRI of the patient. Small cohorts

and expert opinion articles have

reported its usefulness in EES.

Although the American Academy

of Otolaryngology-Head and Neck

Surgery endorsed classic indicati-

ons for image-guided surgery

(IGS) in 2002,3 its application in

sinus surgery has remained investi-

gational and not standard of care.3,4

Its use in skull base tumours is

 growing, and has become a near-

necessity in some complex cases.5

However, there are some issues

concerning its clinical application

that are as yet undefined.

The purpose of this article is

to describe our experiences with

image-guided technology in EES

to determine the surgical indicati-

ons, complications, technical con-

siderations, and overall and speci-

fied revision rates in different

pathologies.

Material and method

A retrospective chart review was

performed for all patients who
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Figure 1
Foreign body of the paranasal sinuses. This patient was a 39-year-old male with a his-
tory of gunshot trauma to the face 10 years prior. The foreign body was seen in left
ethmoid sinus and orbital apex. During endoscopic surgery under image guidance, a soft
mass (due to rusting) without defined borders was seen surrounded by polypoid granu-
lation tissue. IGS was used for total removal of all particles to allow resolution of the
inflammatory process.
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underwent EES under image gui-

dance in Hazrat Rasoul Akram

(HRA) Hospital from 2004 to

2009. The system used for sur -

geries was Vector Vision Compact.

Registration process was first per-

formed by the use of a headset

(Brain Lab©, Germany), which was

worn by the patient during image

taking within three days prior to

the surgery. The patient wore the

head set again during the opera -

tion according to prior adjustment

data, and we changed the registra-

tion method to surface registration

by the help of Z-Touch (Brain

Lab©, Germany).

We used the navigation system

for 86 patients. All cases were

treated  with appropriate medical

therapy before and after IGS. The

patients were followed every two

weeks in the first month, then

monthly during the first six

months, and every three months

annually. Adequate follow up for

inclusion in the current study was

considered to be 12 months. 

Demographic data including

age at surgery, sex, prior surgeries

(external, endoscopic, IGS), indi-

cation for IGS, and degree of PNS

involvement (calculated from CT

according to Lund-Maccay staging

system,6 and any major complica-

tion were recorded. Technical data

including registration technique,

system failures, and use of fusion

technology were also noted. 

Results

From 2004 to 2009, 86 patients

underwent IGS. Of these, 62

patients had at least one year fol-

low up and were included in this

analysis. There were 37 men and

25 women aged 14 to 70 years

(mean 37.65, SD 13.28).

The most common indications

for IGS was revision surgery for

Table 1

Indications of IGS

Indication Number Percent 

Inflammatory sinus disease
Polyposis
Chronic rhinosinusitis

– Isolate frontal disease
– Mucocele
– Sphenoid disease
– Combined sphenoid & frontal 

35
26
9
2
3
1
3

56.5
41.9
14.5
3.2
4.8
1.6
4.8

Skull base tumour
– Benign
– Malignant

19
14
5

30.6
22.6

8

Foreign body 3 4.8

CSF leak 2 3.2

Antrochoanal polyp 1 1.6

Skull base defect 1 1.6

Optic decompression 1 1.6

Total 62 100
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polyposis in 26 patients (42%),

chronic rhinosinusitis (CRS) of the

frontal and/or sphenoid sinuses in

9 patients (14.5%), tumours invol-

ving the skull base in 19 patients

(30.6%), and foreign body remo-

val (Figure 1) in 3 cases (4.8%).

Among the 19 patients with skull

base tumours, 14 (73.7%) were

benign and 5 (26.3%) were malig-

nant on pathologic examination.

Table 1 reports indications for IGS.

Benign tumours included pituitary

adenoma (9 cases), meningioma

(2 cases), and one case each of

ossifying fibroma, inverted papil-

loma (Figures 2,3), and osteoma.

Malignant tumours were one case

each of chondrosarcoma and osteo -

sarcoma and 3 cases of squamous

cell carcinoma. 

The mean number of previous

surgeries was 1.8 in the polyposis

group (maximum of 8 previous

surgeries) and 2.7 in the CRS group

(maximum of 9 previous surge-

ries). The mean Lund-Mackay

score in the polyposis group was

9.7 (SD: 2.6) with right side

lesion s and 10.2 (SD: 1.8) with

left side (total: 9.96 – SD: 2.2).

In the CRS group the score was

5.4 (SD: 4.4) in right side lesions

and 5.9 (SD: 3.5) in left side

(total: 5.6, SD: 3.8). The right

or left middle turbinate was mis-

sing in 19 (73.1%) and 5 (55.6%)

patients, respectively. 

Figures 2 and 3
Inverted papilloma of the lateral wall of
the sphenoid sinus. The patient was a 48-
year-old male with a history of recurrent
inverted papilloma and four previous sur-
geries since 10 years prior. The mass was
in the left sphenoid sinus abutting the
internal carotid artery, located in a tissue
recess. IGS was used to remove the
tumour completely from the lateral wall
and inferior recess.
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The mean number of previous

surgeries in benign and malignant

skull base tumours was 1.21 (SD:

1.5, range 0-4) and 2.0 (SD: 2.6,

range 0-6) respectively. 

Five patients required revision

after IGS (6.5%). The indications

were polyposis (2 cases), and one

case each of frontal mucocele,

inverted papilloma, chondrosarco-

ma, and sarcoma of skull base.

The need for revision after IGS in

the polyposis group, CRS group,

and benign skull base tumour

group were 7.7%, 11.1%, and 7.1%,

respectively. 

There were three case of for -

eign body in the paranasal sinuses

abutting the orbit or skull base.

In one case there was a previous

unsuccessful attempt at removal,

and in another case there were two

previous unsuccessful attempts. In

all cases of foreign bodies treated

with IGS, removal was successful

at first IGS attempt.

In one case (1.6%) of revision

surgery for CRS the surgery was

stopped due to intra-operative

bleeding. We encountered no other

major complication. 

In three cases (4.8%) we faced

technical errors using the naviga-

tional system. The inability to

register the patients was due to

insufficiency of CT scan sections

in one patient, and incorrect head

set placement in another patient.

In one case accuracy was poor. We

used fusion technique in 8 (42%)

of the tumour cases.

Discussion 

The widespread application of

EES for different PNS and skull

base pathologies combined with

the potential life-threatening com-

plications of these procedures

demands the development of new

techniques and equipment. By

providing the surgeon with intra-

operative imaging of the vital

structure and pathologic anatomy

of individual patients, IGS may

not only reduce the likelihood of

complications but is also capable

of increasing the confidence of the

rhinologic surgeon to perform a

more complete surgery, especially

in revision and difficult cases.

However, this has not yet been

definitively documented. We have

applied IGS in the treatment of

inflammatory sinus diseases and

skull base tumours, which are dis-

cussed separately.

Inflammatory sinus diseases 

Lazar et al.7 report the need for

revision surgery to be 10% in pri-

mary functional endoscopic sinus

surgery (FESS). However, in revi-

sion FESS, King et al.8 reported

a success rate of 69.8% without

the use of a navigational system.

Although Stelter et al.9 found no

difference between traditional sur-

gery and IGS in terms of the need

for revision surgery , Tabaee et

al.10 reported a 16.5% need for

revision in EES with image gui-

dance including both sinusitis and

CSF leak cases. If we ignore the

CSF leak cases, the rate of revisi-

on after FESS for inflammatory

disease in this article was 11.5%.

Twenty-nine (82.7%) of our FES

cases (polyposis and CRS) had

undergone several previous surge-

ries for their problems but only

three patients (8.6%) required an

additional operation after IGS,

which is comparable to the revisi-

on rate after primary FESS. This

shows that in our hands, IGS was

of benefit in performing more

complete and beneficial revision

FESS.

Fried et al.11 compared the risk

of major complication with IGS

versus non-IGS in ESS and found

a reduced risk in the IGS group.

The reported rate of major compli-

cations following FESS without

navigation was reported to be 0.3-

3.0%2 and, more recently, 0 to

1.5%.12 In this series we encounte-

red one case of bleeding requiring

cessation of the operation, which

did not require transfusion. We

experienced no major complicati-

on. 

Skull base tumours

Tumours of the skull base can

arise adjacent to or invading the

skull itself. Vital structures can be

displaced or surrounded by gro-

wing tumours. Application of IGS

in combined craniofacial approa-

ches is reported to be both safe

and reliable for delineation of

tumours and identification of vital

structures.13 It has gained popula-

rity in minimally invasive pituita-

ry surgery.14-16 We perform imaged

guided EES in patients with

benign tumours with curative

intent. We only encountered one

case of recurrence (7.1%) in a

case of inverted papilloma with no

major complications (e.g. post-

operative CSF leak, intracranial or

orbital complications). In five

patients with malignant tumours,

three had undergone open surgery

and radiotherapy before IGS; thus

these operations were performed

with palliative intent (progressive

visual loss in two and severe hea-

dache in one case). In two patients

diagnosed with nasopharyngeal

carcinoma, surgery was perfor-

med for tumour debulking prior to

radiotherapy. There was no peri-

operative or one year post-operati-

ve mortality in this group. 

As we rely on bony landmarks

for orientation when operating

on the skull base, CT is of great
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necessity in EES. In the treat-

ment of soft tissue tumours of the

skull base, MRI is required for

more complete and safe surgeries.

Although there was no difference

in our results before and after the

application of fusion technology

(probably due to low complication

rate, scant revision requirement,

and limited case number), we

do believe that this technology,

which combines the power of CT

and MRI, is of enormous value in

complete resection of skull base

tumours, particularly soft tissue

masses. We intend to use this tech-

nology in all such cases.

The American Academy of Oto -

laryngology-Head & Neck Surgery

consensus statement identifies the

following indications as appropri-

ate for computer-aided surgery:

revision sinus surgery; distorted

sinus anatomy of developmental,

post-operative, or traumatic ori-

gin; extensive sinonasal polypo-

sis; pathology involving the fron -

tal, posterior ethmoid, and sphe-

noid sinuses; disease abutting the

skull base, orbit, optic nerve, or

carotid artery; CSF rhinorrhea;

conditions where there is a skull

base defect; and benign and

malignant sinonasal neoplasms.17

In addition to these applications,

IGS is also reported to be benefi-

cial in removing foreign bodies

from the head and neck region.18,19

Our cases of foreign body removal

consisted of metallic fragments of

gunshot in the paranasal sinuses

which lacked the normal consis-

tency of metallic particles due to

rusting. These patients had a mean

of one unsuccessful operation

prior to IGS. Although the naviga-

tion system allowed us to more

rapidly and easily locate the

foreign body, it was most helpful

in achieving complete removal of

all particles, which is important

for the resolution of inflammation.

Although there was no need for

revision in this group, this appli-

cation should be reevaluated in a

larger series of patients prior to its

adoption in routine clinical practi-

ce.

As our navigational system

uses an optical tracking system,

we found it sometimes difficult to

keep a clear line of sight between

the calibrated instrument and

camera, especially when a shaver

was used because the endoscope

and its attachments were in the

way. This made tracking rather

difficult and time consuming. In

two cases we encountered system

failure. This problem was addres-

sed with the use of surface regi-

stration by Z Touch, preparing a

written protocol for image acqui-

sition that is attached to every

request, and obtaining imaging

within 72 hours before surgery.

We consider IGS a necessary

adjunct in rapidly developing sur-

gical fields capable of preventing

complications and improving our

ability to provide optimal patient

care. It is worth mentioning that

the benefit of IGS correlates stron-

gly with the surgeon’s experiences

and practices. 

Conclusion

The revision rate of 7.7% in FESS

with image guidance in this study

suggests the potential benefit of

IGS in the management of inflam-

matory disease of paranasal sinu-

ses, particularly revision cases.

The absence of major complicati-

on supports the use of this techno-

logy in certain cases such as revi-

sion FESS and pathologies abut-

ting the anterior skull base. We

suggest IGS for the removal of

foreign bodies of the paranasal

and skull base regions. Use of the

system in endoscopic endonasal

surgeries of skull base tumours for

palliative purposes requires addi-

tional extensive evaluation. 
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