
P
os

te
d

on
A

u
th

or
ea

6
O

ct
20

22
—

T
h
e

co
p
y
ri

gh
t

h
ol

d
er

is
th

e
au

th
or

/f
u
n
d
er

.
A

ll
ri

g
h
ts

re
se

rv
ed

.
N

o
re

u
se

w
it

h
ou

t
p

er
m

is
si

on
.

—
h
tt

p
s:

//
d
oi

.o
rg

/1
0.

22
54

1/
au

.1
66

50
75

64
.4

36
54

96
8/

v
1

—
T

h
is

a
p
re

p
ri

n
t

an
d

h
a
s

n
o
t

b
ee

n
p

ee
r

re
v
ie

w
ed

.
D

a
ta

m
ay

b
e

p
re

li
m

in
a
ry

.

Image-guided endoscopic sinus surgery for patients with chronic

rhinosinusitis: a systematic review and meta-analysis
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Abstract

Objective: The aim of this study was to compare the quality of life and complications of endoscopic sinus surgery, with and

without image guidance, in patients with chronic rhinosinusitis. Design and setting: Systematic review and meta-analysis of

clinical trials. PubMed, Embase, Scopus, Web of Science, SciELO, Cochrane Central Register of Controlled Trials, LILACS,

and ClinicalTrials.gov were searched on April 22, 2022. Main outcome measures: A search strategy was used to retrieve

clinical trials that compared the quality of life and complications of endoscopic sinus surgery with and without image guidance

from the databases. The risk of bias was assessed using the Cochrane Risk of Bias tool. RevMan 5.4. was used for data

synthesis. The Preferred Reporting Items for Systematic Reviews and Meta-Analyses guidelines were followed. The Grading of

Recommendations Assessment Development and Evaluation method was used to evaluate the strength of the evidence. Results:

A total of 3281 articles were retrieved from the databases. Six studies met the inclusion criteria, and five could be combined by

meta-analysis (638 patients). Image guidance showed improved efficacy in opening diseased paranasal sinuses compared with

conventional endoscopic sinus surgery (risk ratio: 0.19; 95% confidence interval, 0.04-0.85; p = 0.03). There was a trend toward

a reduction in complications with image-guided surgery, although it did not reach statistical significance (risk ratio: 0.53; 95%

confidence interval, 0.20-1.41; p = 0.20). Conclusion: Image guidance is an important tool that helps improve surgical results

and possibly increases the safety and quality of life of patients with chronic rhinosinusitis.

Image -guided endoscopic sinus surgery for patients with chronic rhinosinusitis: a systematic
review and meta-analysis

ABSTRACT

Objective: The aim of this study was to compare the quality of life and complications of endoscopic sinus
surgery, with and without image guidance, in patients with chronic rhinosinusitis.

Design and setting: Systematic review and meta-analysis of clinical trials. PubMed, Embase, Scopus,
Web of Science, SciELO, Cochrane Central Register of Controlled Trials, LILACS, and ClinicalTrials.gov
were searched on April 22, 2022.

Main outcome measures: A search strategy was used to retrieve clinical trials that compared the quality
of life and complications of endoscopic sinus surgery with and without image guidance from the databases.
The risk of bias was assessed using the Cochrane Risk of Bias tool. RevMan 5.4. was used for data synthesis.
The Preferred Reporting Items for Systematic Reviews and Meta-Analyses guidelines were followed. The
Grading of Recommendations Assessment Development and Evaluation method was used to evaluate the
strength of the evidence.
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Results: A total of 3281 articles were retrieved. Six studies met the inclusion criteria, and five could be
combined by meta-analysis (638 patients). Image guidance showed improved efficacy in opening diseased
paranasal sinuses compared with conventional endoscopic sinus surgery (risk ratio: 0.19; 95% confidence
interval, 0.04-0.85; p = 0.03). There was a trend toward a reduction in complications with image-guided
surgery, although it did not reach statistical significance (risk ratio: 0.53; 95% confidence interval, 0.20-1.41;
p = 0.20).

Conclusion : Image guidance is an important tool that helps improve surgical results and possibly increases
the safety and quality of life of in chronic rhinosinusitis.

PROSPERO registration number : CRD4202021479

Keywords: Sinusitis, Nasal surgical procedures, Computer-assisted surgery, Systematic review

KEY POINTS

• Chronic rhinosinusitis is a prevalent disease with impairment in quality of life and economic burden.
• Endoscopic sinus surgery allows removal of diseased mucosa for paranasal sinus but has a potential for

important complication.
• Image guidance can provide accurate anatomical location intraoperatively, improving surgical efficacy.
• No significant difference was found in surgical complication with or without the use of image guidance.
• Further studies assessing quality of life of patients submitted to these procedures are needed.

INTRODUCTION

Description of the condition

The European Position Paper on Rhinosinusitis and Nasal Polyps (EPOS 2020) defines chronic rhinosinusitis
(CRS) as a clinical syndrome caused by enduring inflammation of the mucosa of the nose and paranasal
sinuses, with at least two symptoms, of which one needs to be either nasal blockage/obstruction/congestion
or nasal discharge ± facial pain/pressure ± reduction or loss of smell for [?]12 weeks.1-3

This condition affects 5 to 28% of the population and dramatically impacts patients’ socioeconomic conditions
and quality of life. CRS is responsible for greater costs in health care than in diseases such as peptic ulcers,
asthma, and hay fever. Moreover, it leads to absenteeism and reduces productivity increasing indirect costs
since affects working-age people.2-7 A health state utility study found that patients with CRS had worse
utility values than those with chronic obstructive pulmonary disease, coronary artery disease, chronic heart
failure, and Parkinson’s disease.8

The etiology of CRS is associated with bacterial superantigens, epithelial cell defects, biofilm formation, T
helper 1 and 2 inflammation responses, and tissue remodeling.9-12 CRS is classified into CRS with nasal
polyps (CRSwNP) and CRS without nasal polyps (CRSsNP).10,11

Endoscopic sinus surgery (ESS) began in the late ‘80s and the early ‘90s and was responsible for significant
advances in the managing of CRS.12 The reduction of type 2 inflammation and minimizing irreversible
remodeling of the mucosa by facilitating improved access to topical therapies are potential disease-modifying
benefits of surgery.2

Nonetheless, ESS can be the cause of significant iatrogenic damage due to the anatomical proximity of the
paranasal sinus to critical structures such as the skull base, orbit, internal carotid artery, and optic nerve.13

Patients submitted to more than one surgical procedure are at increased risk of injuries because of the
removal of anatomical landmarks.14-16 The complication rate of ESS is approximately 0.5%, with 0.11%
for intracranial complications and 0.04% for orbital complications, which can be considered low risk.17,18

However, in the event of injury these can result in high morbidity.17,19

Description of the intervention

2
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The use of image guidance is widely set as an important tool for managing diseases of the nose and paranasal
sinuses by increasing surgeons’ confidence and confirming anatomic locations in challenging fields.12

The Image Guided Surgery (IGS) systems have the following items: a computer, video monitor, tracking
system, surgical instrumentation, and data transfer hardware. The tracking system allows for the real-time
determination of the instrument location relative to anatomical landmarks. Electromagnetic or optical track-
ing technology can be used to perform this position determination in the operating field against preoperative
imaging data sets.3,20

How the intervention might work

In the light of the anatomy’s complexity and proximity to vital structures, the possibility of confirming the
anatomical position of the instruments during surgery may allow surgeons to approach more of the patient’s
disease. It can be speculated that if a thorough surgery is performed, all diseased sinus compartments are
addressed then the quality of life of patients may be improved, and revision rates reduced.3,20

Why it is important to conduct this review

There is no robust scientific evidence to determine the indications and recommend using IGS in CRS.
Improvements in surgical efficacy and safety are therefore believed to be relevant.21 This review seeks to
analyze trials that compare ESS with and without IGS.

METHODS

This systematic review and meta-analysis followed the Preferred Reporting Items for Systematic Reviews
and Meta-Analyses (PRISMA) guidelines.22, 23 The protocol is registered with the International Prospective
Register of Systematic Reviews (PROSPERO CRD42020214791) and published in BMJ Open.24

Inclusion criteria

This study included clinical trials that compared the outcomes of patients with CRS who underwent ESS
with and without IGS. No language restrictions were applied when the studies were selected.

PICOT strategy

• Population/participants: Adults diagnosed with CRS.
• Intervention: ESS with image guidance.
• Comparator/control: ESS without image guidance.
• Outcomes: Complications, quality of life, operative time, blood loss, and missed paranasal sinuses.
• Type of study: Clinical trials.

Types of patients

Participants were adult patients diagnosed with CRS with indication for ESS.2

Types of intervention

Any type of image guidance system with optical or electromagnetic tracking used in the ESS was included.

Types of outcome measures

• Quality of life (RSOM-31).
• Blood loss.
• Operative room time.
• Missed paranasal sinuses.

Patient and public involvement

This was a systematic review. Therefore, individual patient data is not presented. An extensive literature
search was conducted using the defined databases. Furthermore, there was no patient or public involvement
in the study planning or application process, nor during the analysis or dissemination of the results.

3
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Search strategy

PubMed, Embase, Scopus, Web of Science, SciELO, Cochrane Central Register of Controlled Trials (CEN-
TRAL), LILACS, and ClinicalTrials.gov were searched with no limitations to date or language. The Medical
Subject Headings terms used to search PubMed are presented in Table 1 and were adapted to each database.
All electronic databases were searched on April 22, 2022.

Data collection and analysis

Selection of the studies

The articles retrieved by the search were imported to EndNote Web, and any duplicates were removed. Two
authors, MLN and HPB, independently screened the results first by title, abstract, and full text to determine
whether they met the inclusion criteria. A third reviewer (AKG) resolved the discrepancies.

Data extraction and management

Two independent authors (MLN and ACAS) extracted data from the eligible and included studies. The
latter were inserted into a database following the designed form: publication year, first author, number of
patients per group, intervention description, control group description, number of complications, number
of missed paranasal sinuses, mean estimated blood loss, and mean operative time. A meta-analysis was
conducted on the outcomes that could be combined.

Risk of bias assessment

The Cochrane Risk of Bias tool was used to evaluate the random sequence generation, allocation concealment,
blinding of participants, blinding of the outcome assessment, incomplete outcome data, selective reporting,
and other biases.25 We also assessed whether there were other sources of bias, such as missing data, incomplete
reports, financial aid, and potential conflicts of interest in each study.

Assessment of heterogeneity

Heterogeneity was assessed using I2 statistics, in which a percentage < 25% was considered to indicate no
heterogeneity, between 25% and 50% moderate heterogeneity, and > 50% high heterogeneity.

Measures of the treatment effect

Blood loss and operative time, as continuous variables, were collected as means and standard deviations.
The risk ratio was calculated for dichotomous data on complications and missed paranasal sinuses. This was
performed using Review Manager (RevMan, version 5.4) software.

Analysis

RevMan 5.4 was used to perform the statistical analysis. In the heterogeneity assessment, when I2 was >
50%, a random-effects model was used, whereas when I2was <50%, a fixed-effect model was applied.

Some studies that met the inclusion criteria did not provide any data that could be used for quantitative
synthesis. All included studies were qualitatively summarized in a table for comparison.

Grading quality of evidence

The Grading of Recommendations Assessment Development and Evaluation (GRADE) approach was used
to evaluate the strength of the evidence of the systematic review results. The GRADE tool classifies evidence
as low, moderate, and high quality.26

RESULTS

The search strategy retrieved 3281 articles from databases that were imported to EndNote Web. A total
of 576 studies were duplicates. After these were excluded, two independent authors screened the remaining
2705 titles, 193 of which were assessed for eligibility using the abstract. A total of 187 studies were excluded
due to inappropriate study design, population, inappropriate intervention, or lack of outcome data. After

4
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full-text analysis, six studies met the inclusion criteria, five of which could be combined in the meta-analysis.
The PRISMA flow diagram summarizes the study selection process (Figure 1). The characteristics of the
included studies are shown in Table 2.

Quality of life assessment

Only two of the studies included in this review assessed the quality of life of patients since similar instruments
or measures were not used; thus, the data could not be combined into a meta-analysis. Table 3 summarizes
the qualitative synthesis of the included studies.

Javer et al. compared the quality of life of patients with CRS who underwent ESS with and without the aid
of IGS using a validated quality of life tool, RSOM-31. The patients completed the form preoperatively and
six months postoperatively. The IGS demonstrated a statistically significant improvement in all 31 questions,
while the ESS group demonstrated a statistically significant improvement in 13 of the 31 questions.27

Strauss et al. evaluated the subjective findings of patients who underwent ESS with and without IGS six
months postoperatively. In the IGS group, 73% (65/89) of the patients referred to a general sense of well-
being, compared to 69% (49/71) in the ESS group. Persistent complaints were reported by 16% (14/89)
from the IGS and 30% (21/71) of the ESS group. Moreover, 96% of patients who underwent the procedure
with IGS stated that they would undergo surgery again, compared to 85% of the patients operated without
IGS.28

Blood loss

The estimated blood loss between the two groups was measured by Singh et al., and the mean and stan-
dard deviation were noted (IGS: 566.67 +- 62.23 mL; ESS: 636.33 +- 72.59 mL). This difference was not
statistically significant (P = 0.64).29

Complications

The number of complications that occurred in each group from the studies was combined in a meta-analysis,
as shown in Figure 2. Hence, the calculated I2 showed no heterogeneity, and the fixed-effect model was used
to calculate the risk ratio (RR). There was a trend of a lower risk of complications with the use of IGS,
although it did not reach statistical significance (risk ratio: 0.53; 95% confidence interval, 0.20-1.41; p =
0.20).29-31

Operative room time

Two of the included studies evaluated the operative RT. Stelter et al. found that the operations lasted for
an average of 16 min longer with the aid of IGS than with conventional ESS. Singh et al. documented a
smaller difference: (IGS group 165.68 +- 6.55 (mean +- SE); ESS group 163.33 +- 5.43).29,31

Missed paranasal sinuses

Three of the included studies evaluated the number of diseased paranasal sinuses that should have been
opened during surgery but were missed. The data were combined into a meta-analysis and are presented in
Figure 3. Due to high heterogeneity, a random-effects model was used to estimate the RR. A statistically
significant lower incidence of missed paranasal sinuses in the IGS group was demonstrated by the RR 0.19
[0.04, 0.085] 95% CI p=0.03.28,31,32

Risk of bias assessment

Only two studies included in the review (Singh et al. and Stelter et al.) had a clear statement regarding the
randomization and allocation process. This raises concerns about the possibility of bias in the interpretation
of the review results. The complete risk of bias assessment is summarized in Table 4.

The strength of the evidence assessed by GRADE was low to moderate due to the small number of events,
to the risk of bias of the included studies and to the high heterogeneity among the studies (Figure 4).
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DISCUSSION

The paranasal sinuses are in close anatomical proximity to vital and delicate structures, such as the skull
base, orbit, internal carotid artery, and optic nerve. Broad and detailed anatomical knowledge is essential
for surgeons to perform safe and effective procedures.12

With the advent of intraoperative imaging, surgeons have acquired a greater operative domain. Undoubtedly,
a thorough knowledge of anatomy is essential to nasal surgeons. Nevertheless, malformations, previous
surgeries, and nasal polyposis can make orientation in the surgical field difficult, even for an experienced
surgeon.15

Vreudenburg et al. and Dalgorf et al. found a reduction in the likelihood of total, major, and orbital
complications in complex ESS procedures with the use of IGS. They included case-control and cohort studies
in their systematic reviews, while the current review did not. The small number of clinical trials on the subject
was a limitation of our findings; hence, the low incidence of complications in ESS.19,33

Tschopp et al. conducted a case-control study comparing ESS with and without image guidance, and
although they did not reach statistical significance for the reduction of complications, they calculated the
necessary sample size to achieve significant conclusions regarding the prevention of complications based on
their own complication rate. In their analysis, a sample size of at least 880 was necessary to draw reliable
conclusions on the subject.34

There is a lack of data in the literature regarding the estimated blood loss. Metson et al. in their prospective
cohort found similar data to Singh, with 178.4 +- 18 mL in the IGS group and 149.4 +- 20.1 and no statistical
significance (p=0.31).35 Conversely, Tschopp et al. reported 180 +- 124 mL (IGS group) and 201 +- 198
mL (ESS group).34

Despite the limited number of studies that conducted quality of life assessments in patients with CRS who
underwent ESS with and without IGS, the evidence suggests a greater improvement in the quality of life
of patients operated on with navigation. Due to the heterogeneity of the outcome measures used in the
literature, it is difficult to combine or compare data from different studies.27,28

One of the concerns since the inception of image guidance technology is that it would lead to a significant
increase in the operative time and therefore increase the procedure cost. Evidence from the literature suggests
that IGS does increase the preparation time, but it may lead to a reduction in the incision to suture time,
thereby compensating for the overall operating room time.29,31,34,35

In addition to the possible decrease in the complication rate for ESS, the possibility of opening more of the
diseased paranasal sinuses is an important question. This review provides important evidence that IGS is
more effective than conventional ESS. To the best of our knowledge this is the first paper to present this
evidence. Whether this may lead to better patient-reported outcome measures should be the subject of
future research.28,31,32

The small number of high-quality studies with a low risk of bias is a limitation of this review. New clinical
trials are important to better elucidate the role of image guidance in endoscopic surgery of the paranasal
sinus.

CONCLUSION

Image guidance surgery is a valuable tool in ESS for patients with CRS, especially those with extensive
paranasal disease or submitted to revision surgery. It provides the surgeon with important orientation
information, increasing the efficacy of ESS in opening diseased paranasal sinuses. Moreover, IGS possibly
reduces complication rates and improving the quality of life of patients with CRS. Therefore, more clinical
trials are needed to confirm this evidence.
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Figure Legends

Figure 1. Preferred Reporting Items for Systematic Reviews and Meta-Analyses flow diagram of the selection
process.

Figure 2. Forest plot illustrating the risk ratio for complications in intraoperative image-guided surgery vs.
endoscopic sinus surgery. Note: M-H (Mantel-Haenszel).

Figure 3. Forest plot illustrating the risk ratio for missed paranasal sinuses in intraoperative image-guided
surgery vs. endoscopic sinus surgery. Note: M-H (Mantel-Haenszel).

Figure 4. The Grading of Recommendation Assessment, Development, and Evaluation.

Tables

Table 1. Search strategy for PubMed.
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1 Sinusitis
2 Skull Base
3 Chronic Rhinosinusitis
4 Nasal Polyps
5 Nasal Surgical Procedures
6 Endoscopic Sinus Surgery
7 Nasal Surgery
8 OR/1-8
9 Image-Guided Surgery
10 Neuronavigation
11 Computer-Assisted Surgery
12 OR/ 9-12
13 Quality of Life
14 Life Quality
15 Health Related Quality of Life
16 Morbidity
17 Complication
18 Intraoperative Complication
19 Postoperative Complication
20 Patient-Reported Outcome Measures
21 Bleeding
22 Death
23 Cerebrospinal Fluid Leak
24 Operative Time
25 Length of Stay
26 Orbital Diseases
27 Brain Diseases
28 Revision Surgery
29 Recurrence
30 OR/13-29
31 8 AND 12 AND 30

Table 2. Included study characteristics.

First author First author Year Year Location Location Sample (n) Sample (n) Intervention Intervention

Javer Javer 2006 2006 Canada Canada 95 95 Computer-assisted surgery system not specified Computer-assisted surgery system not specified
Jiang Jiang 2016 2016 Taiwan Taiwan 81 81 Stealth-Station Treon; Medtronic, Inc., Louisville, CO Stealth-Station Treon; Medtronic, Inc., Louisville, CO
Lorenz Lorenz 2006 2006 Germany Germany 70 70 BrainLAB Kolibri navigation system BrainLAB Kolibri navigation system
Singh Singh 2020 2020 India India 60 60 Stealth-Station golden eye micromagnetic system; Medtronic Stealth-Station golden eye micromagnetic system; Medtronic
Stelter Stelter 2011 2011 Germany Germany 32 32 Vector Vision compact, BrainLab navigation system, Feldkirchen, Germany Vector Vision compact, BrainLab navigation system, Feldkirchen, Germany
Strauss Strauss 2009 2009 Germany Germany 300 300 Karl Storz Navigation Panel Unit, NPU Karl Storz Navigation Panel Unit, NPU

Table 3. Qualitative synthesis of the included studies.

Study Population n Outcomes Results Conclusion
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Javer 2006 CRS IGS: 80 ESS: 15 RSOM-31 A significant
improvement in
quality of life
was observed,
following IGS
compared with
ESS, in the
subgroups nasal
symptoms, ear
symptoms,
general
symptoms and
practical
problems.

The
improvement in
overall quality of
life six months
post-ESS
appeared to be
further enhanced
when computer
assistance was
added to
endoscopic sinus
surgery.

Jiang 2014 CRS (revision
surgery)

IGS: 51 ESS: 30 Sphenoid sinus
penetration

IGS: 83 out of 91
sphenoid sinuses
were successfully
opened. ESS: 35
out of 51
sphenoid sinuses
were successfully
opened.

IGS was a
beneficial
procedure for
opening the
sphenoid sinus,
especially in the
revision cases.

Lorenz 2006 CRS IGS: 35 ESS: 35 Navigation
Accuracy, Set up
time Gain in
security for the
surgeon,
Complications

IGS: two
patients had
complications.
ESS: six patients
had
complications.
Gain in safety
(1-5) with IGS:
average 4.4
(±0.25)
Additional effort
with IGS (1-3):
Average 1.8
(±0.75).

The question,
whether using
IGS a higher
security can be
reached with a
lower
complication
rate cannot be
answered so far.
It is remarkable
the subjective
assessment of
the surgeon who
claim to have
experienced a
security gain
with IGS.
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Singh 2020 CRS IGS: 30 ESS: 30 Operating room
time
System accuracy
Blood loss
Complication

IGS: No
complications.
Blood loss:
566.67 (± 62.23)
Operating room
time: 165.68 (±
6.55) ESS: One
complication
(orbital swelling)
Blood loss:
636.33 (± 72.59)
Operating room
time: 163.33 (±
5.43) Accuracy
within 2 mm.

IGS improves
the confidence of
surgeons in
reaching difficult
areas safely
leading to
thorough disease
clearance,
especially in
revision cases,
altered anatomy,
or extensive
disease cases.
The additional
time taken for
device setup and
registration was
effectively
overcome by the
reduced
intraoperative
time. Blood loss
and
complications
did not differ
significantly with
or without IGS.

Stelter 2011 CRS IGS: 80 ESS: 77 Postoperative
drained
paranasal sinuses

IGS: two missed
paranasal sinuses
/ three
complications
ESS: five missed
paranasal
sinuses/ three
complications.

IGS should have
an assured place
in training and
teaching for
paranasal sinus
operations. Even
if this new
technology
means extra
costs, it was
welcomed by all
study
participants
(surgeons and
patients).
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Strauss 2009 CRS IGS: 150 ESS:
150

Operating room
time Successful
sphenoidal
sinusotomy
Patient
subjective
assessment

Incision-suture
time: average
10.1 min less
with IGS.
Perioperative
preparation
time: 7 min on
average more
with IGS.
Successful
sinusotomy:
IGS: 31/31 ESS:
9/40. Patient
assessment:
general feeling of
well-being 73%
IGS / 69% ESS;
Minimal
improvement, no
improvement or
worsening 16%
IGS /30% ESS;
would have the
surgery again:
96% IGS/85%
ESS.

The advantages
of the examined
navigation
system
compared to the
gold standard of
ESS are proven.
Navigation
assistance led to
reduced
intraoperative
time, increased
postoperative
results, and
lowered the
workload of the
surgeons.

Table 4. Risk of bias of the included studies.

Random
se-
quence
generation

Allocation
concealment

Blinding
of par-
ticipants
and
personnel

Blinding
of
outcome
assessment

Incomplete
outcome
data

Selective
reporting

Other
bias

Javer
2006
Jiang
2014
Lorenz
2006
Singh 2020 Legend:

Low risk of
bias
Uncertain
risk of bias
High risk of
bias

Stelter
2011
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Random
se-
quence
generation

Allocation
concealment

Blinding
of par-
ticipants
and
personnel

Blinding
of
outcome
assessment

Incomplete
outcome
data

Selective
reporting

Other
bias

Strauss
2009
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