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ABSTRACT
Objective: Although image-guided system (IGS) is considered useful in endoscopic sinus surgery (ESS), its impact on clinical 
outcomes needs further evaluation. This study aimed to compare clinical outcomes in patients with chronic rhinosinusitis (CRS) 
undergoing ESS with or without IGS.
Data Sources: Two independent reviewers searched PubMed, EMBASE, Cochrane, CNKI, WanFang, and VIP to identify com-
parative clinical studies on clinical outcomes of ESS with or without IGS.
Methods: The primary outcome were total complications. Secondary outcomes were recurrence, revision surgery, blood loss, 
surgical time, and patient-reported outcomes. A meta-analysis was performed to calculate odds ratios (OR) and weighted mean 
difference (WMD).
Results: A total of 16 studies were included with a total sample size of 3014 patients. Compared with non-IGS, total complica-
tions were less common in IGS group (OR = 0.52, 95% CI, 0.37 to 0.74, p < 0.01), and recurrence rate and revision surgery rate in 
IGS group was also lower (recurrence rate: OR = 0.31, 95% CI, 0.18 to 0.52, p < 0.001; revision surgery rate: OR = 0.59, 95% CI, 0.36 
to 0.98, p = 0.04). What is more, IGS could reduce intraoperative blood loss (WMD = −10.74 mL; 95% CI, −20.92 to −0.57; p = 0.04) 
and surgical time (WMD = −6.25 min; 95% CI, −9.59 to −2.90, p < 0.001).
Conclusion: Compared with non-IGS, IGS-assisted ESS was associated with a lower risk of total complications, recurrence, and 
revision surgery, and with a reduction of intraoperative blood loss and surgical time. These findings support the clinical use of 
IGS as an adjunct in ESS for CRS patients.
Level of Evidence: 3

1   |   Introduction

Chronic rhinosinusitis (CRS) is a persistent inflamma-
tory disease commonly affecting the sinuses and nasal cav-
ity, with a prevalence of 10% in China [1]. Characterized 

by symptoms such as nasal blockage, nasal discharge, fa-
cial pain or pressure, reduction or loss of olfaction, and 
sleep disturbance [2], CRS significantly impacts patients' 
quality of life (QoL) and imposes a substantial burden on 
healthcare system.
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Endoscopic sinus surgery (ESS) is reserved for CRS patients 
refractory to medical therapies [2, 3]. The pathological sites of 
CRS involving the frontal, ethmoid, sphenoid, and maxillary 
sinus are of particular concern due to their proximity to criti-
cal anatomical structures such as orbits and skull bases. These 
regions are traversed by significant blood vessels and nerves, 
making them high-risk areas at surgery. ESS has a total com-
plication rate of approximately 3.1% [4], with major compli-
cations accounting for 0.36% to 1% of cases [5, 6]. The risk of 
severe complications, such as orbital and skull base injuries, is 
notably higher during revision surgery due to dissection chal-
lenges posed by heavy scarring and the loss of key anatomical 
landmarks [7].

Image-guided system (IGS) has been increasingly applied in 
ESS, particularly in revision cases with distorted nasal anatomy 
and the absence of crucial nasal landmarks [8]. With preopera-
tive imaging data to create a three-dimensional reference map 
and special signals to track surgical instruments, this technol-
ogy not only assists surgeons in navigating beyond the limited 
endoscopic views, but also in identifying anatomical structures 
during the operation. Despite being considered a valuable tool, 
the improvement of clinical outcomes with IGS remains uncer-
tain. Previous meta-analyses have demonstrated the benefits of 
IGS over non-IGS in reducing complications during ESS [9–12]. 
However, these meta-analyses need to be further updated due 
to several limitations, including the undefined patient disease 
types, fewer endpoints included, and lack of studies involving 
Chinese patients. Therefore, our meta-analysis aims to synthe-
size data from updated studies to compare the benefits of IGS 
versus non-IGS in CRS patients undergoing ESS, in terms of 
safety, efficacy, surgical efficiency, and patient-reported out-
comes (PROs).

2   |   Methods

The protocol was registered with the International Prospective 
Register of Systematic Reviews (PROSPERO CRD42024557038). 
This study did not require ethical committee approval as it did 
not involve any human or animal subjects, nor did it involve the 
use of sensitive or identifiable data.

2.1   |   Inclusion and Exclusion Criteria

2.1.1   |   Inclusion Criteria

To be included in the meta-analysis, an article had to meet the 
following criteria:

1.	 population/participants: CRS patients;

2.	 intervention: ESS with IGS;

3.	 comparator/control: ESS without IGS;

4.	 outcomes: total complications, recurrence, revision sur-
gery, blood loss, surgical time, and PROs;

5.	 study design: RCTs and observational studies.

No restrictions were placed on the geographic regions of the in-
tervention. No language restrictions were applied on the search. 
Articles in English and Chinese were coded directly; articles in 
other languages were translated before coding.

2.1.2   |   Exclusion Criteria

Articles that meet any of the following criteria were excluded:

1.	 studies where data cannot be extracted or data formats 
were incompatible for comparative analysis;

2.	 non-clinical studies or review articles;

3.	 duplicated publications.

2.2   |   Search Strategy

An electronic search of PubMed, EMBASE, Cochrane, CNKI, 
WanFang, and VIP databases were executed from the inception 
up to May 28, 2024 using a search strategy for comparative clini-
cal studies on clinical outcomes of ESS with or without IGS. List 
of search terms is detailed in Supporting Information: eTable 1. 
Secondary reference searching was also conducted on all studies 
included in the published review.

2.3   |   Literature Screening and Data Extraction

Two researchers (K. Lyu and B. Tan) independently screened 
literature based on the inclusion and exclusion criteria and ex-
tracted data according to data extraction form. In case of dis-
crepancies during the screening process, the two researchers 
resolved them through discussion. The following data extraction 
content was gathered from each included study:

1.	 study identification: author(s), type of citation, and year of 
publication;

2.	 study description: study objectives, location, population 
characteristics (including age, gender, population, pa-
thology, pre-surgery Lund–Mackay score, revision cases), 
study design, sample size, and follow-up periods;

3.	 outcomes: outcome measures, conclusions, and limitations.

2.4   |   Quality Assessment

For RCTs, Version 2 of the Cochrane risk-of-bias tool for ran-
domized trials (RoB 2) was used to evaluate the randomization 
process, deviations from the intended interventions, missing 
outcome data, measurement of the outcome, selection of the 
reported result with corresponding rating of “low risk,” “some 
concerns,” or “high risk” [13]. The Newcastle–Ottawa Scale 
(NOS) tool was used to measure bias. The NOS assigns up to 
a maximum of nine points for the least risk of bias in three do-
mains: (1) selection of study groups (four points); (2) compara-
bility of groups (two points); and (3) ascertainment of exposure 
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and outcomes (three points) for observational studies [14]. The 
total score ranged from 0 to 9 points, with higher scores indi-
cating higher quality. Studies were categorized into low, me-
dium, and high-quality groups using the numbers 0–3, 4–6, and 
7–9, respectively. The PRISMA (Preferred Reporting Items for 
Systematic Reviews and Meta-Analyses) guideline was used to 
ensure standardized reporting of studies. The PRISMA state-
ment adopted for this study comprised a checklist and a flow 
chart, facilitating consistent and transparent documentation of 
the meta-analysis process [15].

2.5   |   Statistical Methods

Stata 16.1 was used for statistical analysis. For count data, the 
odds ratio (OR) was used as the effect analysis indicator, while 
for continuous data, the mean difference (MD) was used as the 
effect analysis indicator. Heterogeneity among study results 
was assessed using the χ2 test (with a significance level set at 
α = 0.1) and evaluated based on I2, categorizing I2 < 25% as low 
heterogeneity, 25%–50% as moderate heterogeneity, and > 50% 
as high heterogeneity. Meta-analysis was conducted using a 
fixed-effects model for studies with low and moderate hetero-
geneity; a random-effects model was used for studies with high 
heterogeneity. A funnel plot was generated to assess potential 
publication bias, and Egger's regression was applied to test the 
symmetry. The significance level for meta-analysis was set at 
α = 0.05.

3   |   Results

3.1   |   Study Selection

A total of 772 studies were initially identified from the search 
strategies, of which 16 were included upon further detailed re-
view with a total sample size of 3014 patients. Among the in-
cluded studies, three were RCTs and 13 were observational 
studies. The literature screening process and results are shown 
in Figure 1.

3.2   |   Study Characteristics

Table 1 summarized characteristics of 16 included studies. The 
more specified characteristics of each study are presented in 
Supporting Information: eTable 2. The studies were conducted 
in China (n = 6), USA (n = 3), Germany (n = 2), Switzerland 
(n = 1), Canada (n = 2), Italy (n = 1), and Saudi Arabia (n = 1). 
The mean follow-up time of those studies ranged from 3 months 
to 7.43 years. There was a significant disparity in the proportion 
of CRSwNP patients and the incidence of revision across stud-
ies. With the exception of the study by Sunkaraneni et  al. [9], 
which reported a statistically significant difference in age (IGS: 
48.98 ± 14.47 years vs. non-IGS: 42.64 ± 11.46 years, p = 0.03), and 
the study by Mueller and Caversaccio [16], where significant dis-
parities were noted in age (IGS: 48.4 years vs. non-IGS: 42.3 years, 
p = 0.0007) and preoperative Lund–MacKay score (IGS: 14.3 vs. 

FIGURE 1    |    Flow diagram for study selection.
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non-IGS: 10.0, p < 0.0001), most of the studies (14/16, 87.5%) in-
dicated that the baseline characteristics for patients in the IGS 
group and the non-IGS group are comparable, including age, 
gender, preoperative Lund–MacKay score, and the incidence of 
revision (if disclosed).

3.3   |   Risk of Bias

The assessment results of bias risk for the included RCTs and 
observational studies are displayed in Supporting Information: 
eFigure 1 and eTable 3, respectively. One RCT was deemed to 
have some concerns, and two studies had high risks of bias. All 
RCTs had risk in study design due to the lack of blinding. In 
terms of the randomization process, Strauss et al. [17] selected 
IGS and non-IGS group from different periods and did not state 
the allocation methods. In the study by Li et al. [18], whether 
to use IGS was decided by the patients themselves. Only Stelter 
et  al. [19] explicitly described their randomization and alloca-
tion methods. In the assessment of observational studies, four 
studies were classified as high quality and nine as medium qual-
ity. The average Newcastle–Ottawa score was 6.33 for all the in-
cluded observational studies.

3.4   |   Outcomes of Meta-Analysis

3.4.1   |   Total Complications

Twelve studies (n = 2511) reported total complications of sur-
gery [15, 16, 18–27]. The results showed that the total compli-
cation rate in the IGS group was lower than that in the control 
group, with a statistically significant difference (OR = 0.52, 

95% CI, 0.37 to 0.74, p < 0.01) (Figure  2). The funnel plot sug-
gested potential asymmetry, but the Egger test did not indicate 
significant publication bias (t = −2.02, p = 0.071) (Supporting 
Information: eFigure 2). Furthermore, subgroup analyses were 
conducted by study design and study site. For study design, both 
showed similar findings (RCTs: OR = 0.51, 95% CI, 0.26 to 0.99, 
p = 0.047; observational studies: OR = 0.52, 95% CI, 0.35 to 0.79, 
p = 0.002). For study site, a significant reduction of total com-
plication rate was observed in China (OR = 0.38, 95% CI, 0.24 
to 0.61, p < 0.001), with minimal heterogeneity in those studies 
(I2 = 5.0%) (Supporting Information: eTable 4).

3.4.2   |   Recurrence

Three studies (n = 316) informed the recurrence of CRS 
[17, 21, 23]. Compared with non-IGS, recurrence in IGS group 
was significantly lower (OR = 0.31, 95% CI, 0.18 to 0.52, p < 0.001) 
(Figure 3).

3.4.3   |   Revision Surgery

Five studies (n = 1130) informed revision surgery of CRS 
[9, 16, 20, 21, 24]. Compared with non-IGS, the revision surgery 
rate was numerically lower in the IGS group (OR = 0.59, 95% CI, 
0.36 to 0.98, p = 0.04) (Figure 4).

3.4.4   |   Blood Loss

Across three studies (n = 447) reporting blood loss [9, 26, 28], 
there was a significant overall pooled mean difference; those in 

TABLE 1    |    Summary of characteristics of studies included in meta-analysis.

No. Author Year Study design Patients, n Population Country

1 Wang 2023 Retrospective chart review 200 CRS China

2 Zhang 2020 Retrospective chart review 63 CRS China

3 Galletti 2019 Retrospective chart review 96 CRS Italy

4 Zhao 2017 Retrospective chart review 537 CRS China

5 Diao 2017 Retrospective chart review 236 CRS China

6 Gao 2015 Retrospective chart review 30 CRS China

7 Li 2013 RCT 192 CRS China

8 Sunkaraneni 2013 Retrospective chart review 355 CRS Canada

9 Stelter 2011 RCT 32 CRS Germany

10 Al-Swiahb 2010 Retrospective chart review 60 CRS Saudi Arabia

11 Mueller 2010 Retrospective chart review 276 CRS Switzerland

12 Strauss 2009 RCT 300 CRS Germany

13 Javer 2006 Prospective chart review 95 CRS Canada

14 Tabaee 2006 Retrospective chart review 239 CRS USA

15 Samaha 2003 Retrospective chart review 100 CRS USA

16 Gibbons 2001 Retrospective chart review 203 CRS USA
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FIGURE 2    |    Forest plot showing the odds ratio of complications in IGS group compared with non-IGS group. Cl = confidence interval; IGS = image-
guided system; MH = Mantel–Haenszel.

FIGURE 3    |    Forest plot showing the odds ratio of recurrence in IGS group compared with non-IGS group. Cl = confidence interval; IGS = image-
guided system; MH = Mantel–Haenszel.

FIGURE 4    |    Forest plot showing the odds ratio of revision surgery in IGS group compared with non-IGS group. Cl = confidence interval; 
IGS = image-guided system; MH = Mantel–Haenszel.
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the IGS group experienced a 10.74 mL (95% CI, −20.92 to −0.57, 
p = 0.04) reduction in blood loss than those in the non-IGS group 
(Figure 5).

3.4.5   |   Surgical Time

Across seven studies (n = 1687) reporting surgical time 
[9, 17, 20, 25, 26, 28, 29], compared with non-IGS group, the 
pooled mean reduction in the IGS group was 6.25 min (95% CI, 
−9.59 to −2.90, p < 0.001). The I2 index was 60.8%, suggesting 
wider variability among studies (Figure 6).

3.4.6   |   Patient-Reported Outcome

Three comparative cohort studies reported on PROs using 
disease-specific quality-of-life questionnaires, including 20-
item Sino-nasal Outcome Test (SNOT-20) [24], 22-item Sino-
nasal Outcome Test (SNOT-22) [23], Rhinosinusitis Quality 
of Life survey (Rhino-QoL) [23], and 31-item Rhinosinusitis 
Outcome Measures Form (RSOM-31) [30]. The data could not 
be combined into a meta-analysis due to the different patient-
reported outcome measures (PROMs) used. Tabaee et al. [24] 
reported no difference in SNOT-20 score (p = 0.98), while 
Galletti et al. [23] reported a significant improvement in IGS 
group compared with non-IGS group after 1 year from surgery 
using both SNOT-22 (p = 0.008) and Rhino-QoL (symptom 

impact score: p = 0.002; symptom bothersomeness: p = 0.004 
and symptom frequency: p = 0.002), and Javer and Genoway 
[30] demonstrated a significantly greater overall improvement 
in RSOM-31 score following IGS compared with non-IGS 
group (p < 0.001).

4   |   Discussion

The IGS can be integrated with surgical microscopes or endo-
scopes, effectively expanding the surgical field. This technology 
permits surgeons to operate while considering vital adjacent 
structures such as the skull base, orbit, nerves, and blood ves-
sels. The image navigation system provides real-time tracking 
of surgical instruments, ensuring procedural safety and effec-
tiveness [31].

4.1   |   Total Complications

This meta-analysis shows a lower likelihood of total complica-
tions with IGS than non-IGS in ESS. This finding aligns with 
the meta results from Dalgorf et  al. [11] and Vreugdenburg 
et  al. [12], which offer high-level evidence [32]. The consis-
tency across these studies suggests that IGS may be associated 
with a reduction in total complications. What is more, the sub-
group analysis by study design indicates that the results are 
robust. However, it should be noted that Nobre et al. [10] found 
no statistically significant difference in total complication 
rates, possibly due to the limited number of studies included 
in their analysis [33].

4.2   |   Recurrence

The recurrence of chronic rhinosinusitis is defined as the reap-
pearance of the disease after a period of remission or improve-
ment, which is manifested by obvious purulence, nasal/sinus 
symptoms, a decline in quality-of-life measures, and radio-
graphic alterations [2, 34]. Recurrence of ESS is thought attribut-
able to several factors, including incomplete removal of diseased 
tissue, anatomical variations that make the sinuses more prone 
to blockage, asthma, and the development of nasal polyps [35]. 

FIGURE 5    |    Forest plot showing the mean difference of blood loss in IGS group compared with non-IGS group. Cl = confidence interval; 
IGS = image-guided system; IV = inverse variance.

FIGURE 6    |    Forest plot showing the mean difference of surgical 
time in IGS group compared with non-IGS group. Cl = confidence inter-
val; DL = DerSimonian-Laird; IGS = image-guided system.
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The IGS helps remove cells and bone more completely, prevent-
ing the persistence of disease and delaying the onset of recur-
rent symptoms [36]. The present study provides evidence that 
IGS may reduce the rate of recurrence in patients undergoing 
ESS. It is well noticed that in the three included studies, there 
was a significant difference in the recurrence rates. This may be 
due to the non-uniform diagnosis of recurrence and the varied 
follow-up duration. Only Galletti et al. [23] specifically defined 
recurrence as the reappearance of CRS with or without nasal 
polyps after 1 year. They performed a 12 months follow-up after 
the intervention with massive facial CT and Lund—Mackay 
score. Other studies did not mention how they assess symptoms 
of recurrence, and the follow-up period of recurrence was one to 
2 years and 22–26 weeks, respectively [17, 21].

4.3   |   Revision Surgery

Revision surgery is considered when medical management fails 
to control the recurrent symptoms [2]. The present study found 
a higher rate of revision surgery in patients undergoing non-IGS 
compared with IGS-assisted ESS, while the meta-analysis con-
ducted by Sunkaraneni et al. [9] found no statistically significant 
difference in revision surgery rate. This inconsistency may be 
due to the difference in the patient's baseline characteristics that 
affect revision rate, including previous sinus surgery, diagnosis 
of nasal polyps, and comorbid asthma [35, 37–42]. What is more, 
as mentioned in Sunkaraneni et al. [9], the hospital's tier level 
and surgeon's proficiency are also important factors when con-
sidering patients' revision surgery rates.

4.4   |   Blood Loss

To our knowledge, this is the first review of intraoperative blood 
loss in ESS using IGS. The mean blood loss was slightly higher 
in the non-IGS group, which could potentially be attributed to 
the fact that navigation can help the surgeon identify important 
blood vessels during surgery [26]. It should be noted that in the 
included studies, Sunkaraneni et al. [9] reported a much higher 
mean blood loss volume in both IGS and non-IGS groups (IGS: 
305.7 mL; non-IGS: 256.36 mL; p = 0.02), this may be due to the 
included patients with high proportion of previous revision sur-
gery patients (IGS: 178 revision cases [53.5%]; non-IGS: 8 revi-
sion cases [36.4%]) and a significant difference in age between 
two groups (IGS: 48.4 years vs. non-IGS: 42.3 years, p = 0.0007).

4.5   |   Surgical Time

The present study indicates that IGS may reduce the surgical 
time. The ability of navigation in IGS helps surgeons swiftly 
identify anatomical landmarks and plan the surgical approach, 
which brings real-world time savings during the actual proce-
dure [43]. The relatively high heterogeneity of the included stud-
ies could stem from multiple factors. The overall surgical time 
includes the preparatory time, for example, device setup and 
registration time, which ranges from 1 to 20 min [17, 25, 29], and 
actual surgical time. The surgical time in four studies included 
preparatory time [9, 17, 25, 26], while the other three studies did 
not specify whether the surgical time included the preoperative 

preparation [20, 28, 29]. What is more, Al-Swiahb and Dousary 
[21] reported that when surgeons become familiar with the 
equipment, the preparatory time is typically reduced, from 15 to 
5 min, hence the surgeons' proficiency level across studies may 
also explain the heterogeneity of surgical time.

4.6   |   Patient-Reported Outcome

PROs are important in rhinology due to the subjective nature 
of sinusitis symptoms and the potential impact of sinusitis on 
the physical, emotional, and social health of a patient [24, 44]. 
According to Galletti et al. [23] and Javer and Genoway [30], the 
improvement in overall postoperative quality of life appeared 
to be further enhanced when IGS assistance was added to ESS. 
Different from these two studies, Tabaee et al. [24] reported no 
statistically significant difference in PRO between IGS and non-
IGS. It is well noted that Tabaee et  al. [24] did not report the 
preoperative SNOT-20 score and compared the postoperative 
SNOT-20 score directly, which may introduce baseline bias. The 
meta-analysis conducted by Dalgorf et al. [11] reported no sta-
tistically significant benefit in RPO of IGS over non-IGS sinus 
surgery. However, in their meta-analysis, they also only used 
postoperative scores in the included studies and directly syn-
thesized different PROMs, which precludes making meaningful 
comparisons among various studies [45].

4.7   |   Limitations

Potential limitations should be taken into consideration when 
interpreting the findings of this study. First, Smith et  al. [33] 
noted that the limitations of sample size and study design pre-
vent the conduct of conclusive randomized trials involving IGS. 
Given the rarity of total complications in ESS, designing a study 
to identify a difference in total complication rates between IGS 
group and non-IGS group would necessitate enrolling a large 
number of patients in each group. Furthermore, it is unethical 
to randomly assign patients away from IGS when it is indicated. 
Thus, this meta-analysis is limited by the inclusion of two RCTs 
with a high risk of bias and small sample size, potentially impact-
ing the reliability of the findings. Secondly, this study mainly in-
cluded observational studies, which may have biases caused by 
confounding factors. Although the baseline characteristics were 
comparable in most studies, not all studies provided a quantifi-
cation of disease severity and pre-operative revision rate, which 
are critical factors of clinical outcomes. Furthermore, the po-
tential preference of patients and surgeons for choosing IGS in 
complex cases could also introduce a bias. Despite the potential 
bias towards managing more intricate cases with IGS in sinus 
surgery, this meta-analysis demonstrated that IGS has potential 
clinical benefits in terms of total complication reduction and sur-
gical outcome. In future research, large scale real-world studies 
could be explored to evaluate the clinical outcomes of IGS, with 
a focus on balancing the confounding factors of the two patient 
groups. Finally, it is important to note that the findings of this 
meta-study may not be extrapolated to all patient populations 
and settings. The heterogeneity of patient populations, surgical 
techniques, and the varied application of IGS across different 
healthcare settings suggest that the findings of this study should 
be applied with caution.
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5   |   Conclusion

There is evidence from published studies that, compared with 
non-IGS, IGS-assisted ESS for CRS was associated with a lower 
risk of total complications, recurrence and revision surgery, and 
with a reduction of intraoperative blood loss and surgical time. 
These findings support the clinical use of IGS as an adjunct in 
ESS for CRS patients.
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