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the two experimentalcontrolled trials supported the afore- adhesiolysis at subsequent hospital visi&5]. One pa-
mentioned findings P9, 32. tient developed periorbital swelling, which was treated
QoL and other pertinent measures were reported for conservatively and resolved within a week9.
the long-term follow-up (12 months or more). According
to longitudinal studies, SN-5 results of the long-term Risk of bias assessment
follow-up showed a significant improvement in the score Table 2 shows the risk of bias in the included studies.
with sustained resultsg5, 28, 29, 31, 32, 35, 36]. Accord- There were nine non-randomized studies and one
ing to a long-term evalution by VAS, a dramatic drop in randomized trial included in the review. As we used the
the score was found in two cohorts of patients after a 1appropriate tools to evaluate the studies, detailed criteria
year follow-up R5, 29. In addition, long-term examin- for each item were modified to better serve our outcome
ation revealed that balloon sinuplasty had greater andmeasures. We evaluated the non-randomized studies
more sustained improvement after 1 year (6 months post-using the ROBINS-I tool and the results are shown in
operative VAS score of 1.68 + 3.53 vs. 1-year postoperativ&able 2. Most of the studies had moderate risk of bias
score of 0.57 +1.60)25]. Results of the two experimental mainly due to confounding bias and bias in selecting
controlled trials supported the aforementioned findings participants into the study 24, 25, 28-30, 35, 36]. Two
[29 32]. studies had serious risk of bias due to a bias in the selec-
In addition to the statistical significance of the results, tion of participants since they were retrospective study
the clinical significance was determined as described bylesigns B1, 33]. For the randomized study32], we used
Kay and Rosenfeldl]. The overall clinical improvement the RoB 2 tool to assess the risk of bias (Talde The
was defined as a decrease of 0.5 or more in SN-5. Up tetudy was judged with some concerns since details of the
97% of patients experienced an overall clinical improve-randomization process were insufficient; however, base-
ment in QoL [24, 28, 29, 35]. line differences between the two groups were addressed.
To objectively evaluate patients who underwent sinu- Also, assessment of the outcome as the parents of chil-
plasty, the Lund-Mackay score and Lund-Kennedy endo-dren were filling the questionnaires could have been in-
scopic score were assessed in a single study. The Lundluenced by their knowledge of receiving the balloon
Mackay scale, more widely used in CRS, showed a sigdilatation.
nificant improvement in CT findings, with a preopera-
tive mean score of 12.29 compared to 1.39Discussion
postoperatively. Furthermore, the Lund-Kennedy score,BCS is a relatively new and promising technique,
measured by nasal endoscopy, improved from 6.69 tgarticularly for children, owing to its noninvasive nature.
0.36 R5. Given the growing number of published studies and
reported complications, the goal of the current review
was to comprehensively elucidate the efficacy and side
effects of this techngiue. Studies of the impact of BCS
on QoL in pediatric CRS were aggregated in a previously
ublished meta-analysis3g]. The previous meta-analysis
8d a restricted search strategy and the analysis was
based on 4 observational based studies. We expanded on
the latest review, adding more studies including
intervention-based trials. We also evaluated adverse
events, antibiotic usage and revision rate, in addition to

Secondary outcomes

The rate of second intervention was described in five
studies R4, 30, 31, 33, 35]. A large study, in which 157
sinuses were dilated, had a success rate of 100%, i.e.,
additional surgical intervention 24]. However, Zalzal
HG et al. reported the highest failure rate (13.1933].
The remaining reports had low failure rates at follow-up
(less than 8%)30, 31, 35]. Use of antibiotics at follow-
up was mentioned in two reports 30, 33]. Zalzal HG QoL and overall symptoms improvement.

and his colleagues reported that the vast majority of pa- Similar to what was reported for adult CRS patients

tients treated with the balloon technique _(’.‘e‘?“'Y 70%) [27], this systematic review demonstrated that use of BCS
wer_e_nc_)t found_ to take_ any course of S|nuS|t|s—|n_d|cated-to treat CRS in pediatric populations has a favorable im-
am'b'.Ot.'CS dt_mng t_helr Syears follow-up, _Wh'le the pact on QoL. We found significant improvement in SN-
remaining children n the same cohort requm_ad only a 5 score in short- and long-term follow-ups. In addition,
single course of antibiotic during the same perio83. the positive effect of BCS on QoL was sustained, and
was further enhanced in long-term follow-up<2f].
Adverse events Adenoidectomy, at the present time, is the first surgi-
While the majority of studies reported no complications cal option in pediatric CRS. A study carried out by Ram-
, four patients experienced minor complications. Syne-adan et al. showed that higher number of older children
chiae was the most commonly reported side effect ofwho underwent BCS, with adenoidectomy or standalone
sinuplasty £=3), and all cases were treated byBCS, experienced an improvement in QoL than patients
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Table 2 Risk of bias of the included studies using the Cochrane Collaboration's Tools for risk of bias assessment

2a: A t of risk of bias using the Risk of Bias in Non-Randomized Studies — of Interventions (ROBINS-I) t tool
Risk of Bias pre-intervention and at- intervention Risk of bias post-intervention d
Study Bias due to Bias in Bias in Bias due to Bias due to Bias in Bias in Overall
Confounding lection of classification of deviations missing data measurement of | selection of Assessment of
participants intervention from intended outcomes reported bias
into the study intervention results
Ramadan Moderate Moderate Moderate
HH et al.
2010a (36)
Ramadan Moderate Moderate Moderate
HH et al.
2010b (37)
Ramadan Moderate Moderate Moderate
HH et al.
2012 (29)

Thottam PJ Moderate
et al. 2012
31
Wang F et
al. 2015 (30)
Thottam PJ Moderate Serious
et al. 2016
(32

Soler ZM et Moderate Moderate
al. 2016 (25)

Liu J et al. Moderate Moderate

Serious
2017 (26)
Zalzal HG et | Moderate Serious Moderate Moderate Serious
al. 2019 (34)
Key: Moderate risk of Serious risk of No information
bias; bias;

2b: A t of risk of bias using the Cochrane tool for ing Risk of Bias in Randomized trials version 2 (RoB2)
Study Bias arising from the randomization process Bias due to Bias due to Bias in Bias in
deviations issi ement of selection of
from intended the outcome the

interventions reported

Moderate

Moderate

Moderate

Overall
Assessment of
bias

outcome
data
result

Gerber et al., Some concern Some concern

2018 (33)

Key: | IGHINSKIGNDESE Some concern [THigh risk of bias |

who underwent adenoidectomy alone3p]. Thus, BCS Ramadan et al., on the other hand, showed that children
can potentially increase the success rate of adenoidectwho underwent BCS and adenoidectomy had 91% im-
omy and might be an effective alternative for pediatric provement in their SN-5 score post operatively, com-
patients who had persistent symptoms after adenoidectpared to 85% for those who underwent BCS aloriZg]|.
omy [28]. However, no hypothetical work-up has been carried out
BCS may be performed as a standalone procedure, oto detect any statistically significant difference. Thus, a
in certain cases, with concurrent sinonasal procedureshead-to-head comparison of adenoidectomy versus stan-
such as septoplasty, adenoidectomy, or inferior turbinatedalone BCS on a larger scale is warranted.
reduction. Although our study showed a high success Based on existing literature, BCS, in comparison to
rate of BCS, the concurrent or prior adenoidectomy pro- ESS, works by widening the normal sinus opening by
cedure posed considerable limitations in demonstratingballoon inflation without needing to change the normal
the efficacy of standalone balloon sinuplasty. Interest-sinus anatomy or causing damage to surrounding struc-
ingly, Soler and his group adjusted for numerous con-tures. Therefore, the probability of scarring, early revi-
founding factors, including adjunctive procedures, andsion requirement and facial developmental effects is low
found that BCS was efficacious by itsel#4]. The same [40]. In our review, the rate of complications follow-
study showed no clear difference in SN-5 score betweering BCS was very minimal, and only non-serious adverse
a group who underwent BCS alone and another groupevents, such as synechia, were reporté@d,[25, 29]. In
that received BCS with concurrent procedures. In fact,addition, a second intervention by ESS was indicated in
children who received additional procedures required very few cases across the included studies. Therefore,
longer recovery timesZ4]. Therefore, BCS could be of- BCS potentially can be recommended in children with
fered as standalone modality to improve the QoL.CRS before ESS is planned. Another advantage of BCS
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over ESS is that a lower percentage of antibiotic usageemarkable heterogeneity wadentified acros the studies.
among patients who underwent BCS was found in theThus, the data were not aggregated in a meta-analysis.
long-term follow-ups B0, 33).

A group of researchers conducted an interventional Conclusion
controlled study to evaluate BCS. In parallel to the Balloon sinuplasty as a surgical treatment option is safe
aforementioned findings, they found BCS to be effect-in pediatric CRS. However, future randomized con-
ive in improving the QoL, but it had no additional trolled studies with larger sample size and long-term
value to the standard clinical practice, i.e. adenoidect+o||ow-up are needed. Such studies can further deter-
omy with maxillary irrigation [32]. It is important to  mine the efficacy of BCS in managing children with
mention the limited number of samples, where only CRS.
12 were enrolled in the treatment group. Therefore,
future randomized controlled trials with a larger sam- Abbreviations N o

| b ired t lusively d trat CRS: Chronic rhinosinusitis; EPOS: The European Position Paper on Rhinosinusitis
ple num grs are .requ”e 0 conclusively demonstrate, g yasal Polyps; QoL: Quality of life; CT: Computed tomography;
the potential merits of BCS. ESS: Endoscopic sinus surgery; BCS: Balloon catheter sinuplasty; SN-5: Sino-Nasal

Other findings in the current literature demonstrated > auality of life scale; VAS: Visua\.analog.ue.scale; RoBZ:Thg revised .risk of bias
the Superiority and efficacy of BCS. For instance. sic assessment tool; ROBINS-I: The risk of bias in non-randomized studies — of

' ! nterventions

leave duration was shorter in BCS compared with ESS
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