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INTRODUCTION
Chronic rhinosinusitis (CRS) is characterized by persistent 
symptomatic inflammation of the nasal and paranasal mucosa1,2. 
It affects 5–28% of the population and impacts patients’ socio-
economic conditions and quality of life. Healthcare costs are 
higher for rhinosinusitis than for peptic ulcers, asthma, and 
hay fever1-4.

The etiology of CRS involves bacterial superantigens, epithe-
lial cell defects, biofilm formation, T-helper 1 and 2 inflamma-
tion, and tissue remodeling5-8. Endoscopic sinus surgery (ESS) 
has brought advances in the treatment of CRS8. Reducing inflam-
mation and preventing remodeling of the mucosa by facilitat-
ing access to topical therapies are potential disease-modifying 
benefits of surgery1. However, it has the potential for complica-
tions due to its anatomical proximity with essential structures 
(skull base, orbit, internal carotid artery, and optic nerve)9.

The risk of injuries is higher in revision surgeries due 
to the removal of anatomical landmarks in previous proce-
dures10-12. The complication rate of ESS is 0.5%, which can 
be considered low risk13,14. However, complications can result 
in serious repercussions13,15.

Intraoperative image-guided surgery (IGS) is a technology 
for confirming locations in anatomically challenging fields10. 
The tracking system allows for the real-time determination of 
the instrument’s location related to anatomical landmarks2,16, 
which may allow surgeons to treat more of the patient’s disease. 
If a more complete surgery is performed, the quality of life of 
patients may be improved, and revision rates may be reduced2,16.

There is a lack of scientific evidence to determine the indi-
cations and recommend the use of IGS in CRS17. This review 
aims to analyze trials that compare ESS with and without IGS.

METHODS
The Preferred Reporting Items for Systematic Reviews and Meta-
Analyses (PRISMA) guidelines were followed18,19. The proto-
col is registered with the International Prospective Register of 
Systematic Reviews (PROSPERO CRD42020214791) and 
published in BMJ Open20.

Inclusion criteria
The inclusion criteria were the clinical trials that compared 
the outcomes of patients with CRS who underwent ESS with 
and without IGS.

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, and missed paranasal sinuses.
•	 Type of study: Clinical trials.

Patient and public involvement
There was no patient or public involvement in the study plan-
ning or application process, or during the analysis or dissem-
ination of the results.

Search strategy
PubMed, Embase, Scopus, Web of Science, SciELO, Cochrane 
Central Register of Controlled Trials (CENTRAL), LILACS, 
and ClinicalTrials.gov were searched with no limitations to 
date or language. All electronic databases were searched on 
November 22, 2022.
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Data collection and analysis
The articles retrieved were imported to EndNote Web, and 
duplicates were removed. Two authors independently screened 
the results by title, abstract, and full text to determine inclusion 
criteria. A third reviewer resolved the discrepancies.

Data extraction and management
Two independent authors extracted data from the included 
studies. The latter were inserted into a database. 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 ran-
dom sequence generation, allocation concealment, blinding of 
participants, blinding of the outcome assessment, incomplete 
outcome data, selective reporting, and other biases21.

Assessment of heterogeneity
Heterogeneity was assessed using I2 statistics, in which <25% 
was considered to indicate low heterogeneity, between 25 and 
50% moderate heterogeneity, and >50% high heterogeneity.

Measures of the treatment effect
Operative time, as a continuous variable, was collected as means 
and standard error. The risk ratio was calculated for dichot-
omous data on complications and missed paranasal sinuses. 
This was performed using the Review Manager (RevMan, ver-
sion 5.4) software.

Analysis
RevMan 5.4 was used to perform the statistical analysis. In the 
heterogeneity assessment, when I2 was >50%, a random-ef-
fects model was used, whereas when I2 was <50%, a fixed-ef-
fect model was applied.

All included studies were qualitatively summarized in 
Table 1 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 on the systematic review results22.

RESULTS
A total of 3,281 articles were retrieved from databases and 
imported to EndNote Web (576 were duplicates). Two inde-
pendent authors screened the 2,705 titles, and 193 of the titles 
were assessed for eligibility based on abstracts. After full-text 

analysis, six studies were found to meet the inclusion crite-
ria, of which five could be combined in the meta-analysis. 
The PRISMA flow diagram summarizes the study selection 
process (Figure 1). Qualitative synthesis is shown in Table 1.

Quality of life assessment
Two studies assessed the quality of life of patients, using dif-
ferent instruments or measures; thus, the data could not be 
combined into a meta-analysis.

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 6 months postop-
eratively. The IGS demonstrated a statistically significant 
improvement in all the 31 questions, while the ESS group 
demonstrated a statistically significant improvement in 13 
of the 31 questions23. This study had an uneven sample size 
(80 patients in the IGS group and 15 patients in the control 
group). Moreover, there were differences in the characteristics 
between the two groups before the intervention. The control 
group had 30% of the included patients with stage 4 of the 
disease on CT scan, compared to 76% of the intervention 
group. The latter reflects in the scores of the preoperative 
RSOM-31, which showed higher scores for the IGS group 
before surgery compared to the ESS group.

Strauss et al. evaluated the subjective findings of 300 
patients who underwent ESS, 150 with IGS and 150 without 
IGS, 6 months postoperatively. The preoperative Lund-Mckay 
score was similar between the two groups. In the IGS group, 
73% (65 out of 89) of the patients referred to a general sense 
of well-being compared to 69% (49 out of 71) in the ESS 
group. Persistent complaints were reported by 16% (14 out 
of 89) of the IGS and 30% (21 out of 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 patients who were operated on without IGS24.

Complications
The number of complications that occurred in each group 
from the studies was combined in a meta-analysis, as shown 
in Figure 2. There was a trend toward a lower risk of compli-
cations with the use of IGS, although it did not reach statisti-
cal significance (risk ratio (RR): 0.53; 95% confidence interval 
(CI), 0.20–1.41; p=0.20)25-27.

Operative room time
Stelter et al. found that the operations lasted for an average 
of 16 min longer with the aid of IGS than with conventional 
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ESS. Singh et al. documented a smaller difference: IGS group 
165.68±6.55 (mean±SE); ESS group 163.33±5.4325,27.

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. These data were combined into a meta-anal-
ysis and are presented in Figure 2. Due to high heterogeneity, 
a random-effects model was used to estimate the RR. A statis-
tically 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=0.0324,27,28.

Risk of bias assessment
Only Singh et al. and Stelter et al. had a clear statement regard-
ing the randomization and allocation processes. This raises con-
cerns about the possibility of bias in the interpretation of the 
review results.

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

Table 1. Qualitative synthesis of the included studies.

Study Population n Results Conclusion

Javer and 
Genoway23 CRS

IGS: 80
ESS: 15

A significant improvement in quality of life was 
observed following IGS compared with ESS in the 
sub-groups of 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 and 
Liang28

CRS 
(revision 
surgery)

IGS: 51
ESS: 30

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 revision cases.

Lorenz 
et al.26 CRS

IGS: 35
ESS: 35

IGS: Two patients had complications.
ESS: Six patients had complications.

The question, whether by using IGS a 
higher security can be reached with a lower 
complication rate, cannot be answered so far.

Singh 
et al.20 CRS

IGS: 30
ESS: 30

IGS: No complications.
Operating room time: 165.68 (±6.55)
ESS: One complication (orbital swelling)
Operating room time: 163.33 (±5.43)

The additional time taken for device setup and 
registration was effectively overcome by the 
reduced intraoperative time. Complications did 
not differ significantly with or without IGS.

Stelter 
et al.27 CRS

IGS: 80
ESS: 77

IGS: Two missed paranasal sinuses/three 
complications
ESS: Five missed paranasal sinuses/three 
complications.

Navigation 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).

Strauss 
et al.24 CRS

IGS: 150
ESS: 150

Incision-suture time: 10.1 min less with IGS.
Preparation time: 7 min 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.

CRS: chronic rhinosinusitis; IGS: image-guided surgery; ESS: endoscopic sinus surgery.

Figure 1. PRISMA flow diagram of the selection process.
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Figure 2. (A) A forest plot illustrating the risk ratio for complications in intraoperative image-guided surgery vs. endoscopic sinus surgery. (B) A forest 
plot illustrating the risk ratio for missed paranasal sinuses in intraoperative image-guided surgery vs. endoscopic sinus surgery.

DISCUSSION
The paranasal sinuses are anatomically close 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 procedures8.

Intraoperative imaging provides a greater operative domain. 
Undoubtedly, a thorough knowledge of anatomy is essential 
for nasal surgeons. Nevertheless, malformations, previous sur-
geries, and nasal polyposis can make orientation in the surgical 
field difficult, even for an experienced surgeon11.

Vreudenburg et al. and Dalgorf et al. found a reduction in 
the likelihood of total, major, and orbital complications in ESS 
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 com-
plications in ESS15,29.

Tschopp et al. conducted a case-control study compar-
ing ESS with and without image guidance and did not reach 

statistical significance for the reduction of complications. 
However, they calculated the necessary sample size to achieve 
significant conclusions regarding the prevention of compli-
cations based on their complication rate. In their analysis, a 
sample size of at least 880 was necessary to draw reliable con-
clusions on the subject30.

Despite the limited number of studies that conducted qual-
ity 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 studies23,24.

One concern since the inception of IGS is that it would 
lead to an increase in operative time and therefore elevate pro-
cedure cost. Evidence from the literature suggests that IGS 
increases the preparation time, but it may lead to a reduction 
in the incision-to-suture time, thereby compensating for the 
overall operating room time25,27,30,31.
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In addition to the possible decrease in the complication rate 
for ESS, the possibility of opening more of the diseased parana-
sal sinuses is an important question. This review provides evi-
dence that IGS may be more effective than conventional ESS. 
To the best of our knowledge, this is the first study to present 
this evidence. Whether this may lead to better patient-reported 
outcome measures should be the subject of future research24,27,28.

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

CONCLUSION
Image guidance is a valuable tool in ESS for patients with 
CRS. It provides the surgeon with important orientation infor-
mation, increasing the efficacy of ESS in opening diseased 

paranasal sinuses. Moreover, IGS may reduce complication 
rates and improve quality of life of patients. The findings 
of this review are limited by the bias of the primary studies 
included. More high-quality clinical trials are needed to con-
firm this evidence.
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