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Abstract

Background: Corticosteroids are used in managing Chronic Rhinosinusitis (CRS) through several formulations, including oral
steroids and nasal sprays. More recently, incorporating concentrated budesonide respules into high-volume saline irrigations has
been proposed to enhance the penetration of topical steroids into the paranasal sinuses. We aim to evaluate the safety and ef-
ficacy of budesonide nasal irrigation (BNI) in managing CRS.

Methodology: A systematic review with meta-analysis was performed following PRISMA guidelines. Data were extracted inde-
pendently from the eligible studies. In double-arm and single-arm meta-analyses, continuous outcomes were pooled using mean
difference (MD) with a 95% confidence interval (Cl).

Results: Twenty-six studies were reviewed, comprising 1464 patients. BNI had better outcomes than saline nasal irrigation (SNI)
regarding Sino-Nasal Outcome Test score (SNOT-22). Lund-Kennedy Endoscopy scores (LKES) changed from baseline. Regarding
safety, there was no significant difference between BNI and SNI regarding Intraocular Pressure (IOP). Single-arm analysis showed a
pooled mean serum cortisol level within the normal range after BNI.

Conclusions: BNI demonstrated improved SNOT-22 and LKES scores, with normal post-treatment IOP and cortisol levels, indica-
ting a beneficial impact on CRS while maintaining safety.
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Introduction

Chronic rhinosinusitis (CRS) is a prevalent inflammatory disorder
affecting the paranasal sinuses, with an estimated prevalence
of 5% to 11% in the general population "2, For most individuals
afflicted with CRS, long-term disease management relies heavily
on appropriate medical therapy, which is crucial for achieving
successful outcomes and mitigating the condition's chronic
nature @,

Topical corticosteroid therapy is a cornerstone of recommended
treatment for CRS, both preoperatively and postoperatively.
While "standard" intranasal corticosteroid sprays (INCS) are con-
sidered first-line treatments, many patients report insufficient
symptom relief with these medications. A significant limitation
of INCS is that the narrow openings of the sino-nasal cavities
restrict medication delivery to target regions, including the
ostio-meatal complex, middle meatus, and frontal recess, which
are critical for sinus drainage and ventilation “. This challenge
persists in ensuring the effective delivery of topical intranasal
corticosteroids, which remains a crucial obstacle to reducing
sino-nasal mucosal inflammation &2,

The efficacy of high-volume irrigation techniques in augmen-
ting the distribution of topical medications within the paranasal
sinuses has been empirically established, thereby meriting
widespread endorsement for managing patients afflicted with
CRS, notably those who have undergone endoscopic sinus
surgery (ESS) €', As a result, the off-label utilization of budeso-
nide respules combined with high-volume saline irrigations has
surfaced as a common maintenance approach in the enduring
management of CRS. However, given the off-label status of this
therapy, its safety and efficacy profile has not undergone com-
parable rigorous evaluation as other corticosteroid formulations
that have obtained approval from the United States Food and
Drug Administration (FDA), particularly low-volume metered-
dose sprays, including fluticasone propionate, mometasone
furoate, budesonide, fluticasone furoate, beclomethasone dipro-
pionate, ciclesonide, and triamcinolone acetonide 2.
Budesonide in respules meriting widespread endorsement form
has been frequently incorporated into high-volume irrigations
at doses varying from 0.25 mg to 2 mg daily. In contrast, the
standard dose of budesonide administered via nasal spray is
substantially lower, typically ranging from 64 pg to 256 pg. As a
result, there has been considerable interest in investigating the
safety and efficacy profile of this delivery method, given the sig-
nificantly higher doses employed '*. Considering the frequent
requirement for extended daily maintenance therapy involving
high-volume budesonide nasal irrigation (BNI) to attain optimal
disease management in patients with CRS, this study aims to
evaluate the safety and therapeutic effectiveness of BNI in this
specific patient cohort.
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Materials and methods

The study methodology followed the Cochrane Handbook and
the Preferred Reporting Items for Systematic Reviews and Meta-
analyses (PRISMA) guidelines 19,

Literature search

A thorough and systematic literature search was undertaken to
identify relevant studies, encompassing a range of electronic da-
tabases, including Web of Science, Cochrane CENTRAL, PubMed,
Scopus, and EMBASE. This exhaustive search strategy spanned
the entire duration of these databases, from their inception to
March 2024.To further augment the comprehensiveness of our
search, a meticulous examination of reference lists from eligible
articles and prior meta-analyses related to our topic was also
conducted. The search strategy incorporated a strategic concate-
nation of the following keywords and phrases: ((Budesonide OR
Rhinocort OR Horacort OR Pulmicort OR Tarpeyo OR Preferid OR
Budeson OR Ortikos OR Flexhaler OR Uceris OR Eohilia OR Airsu-
pra OR Tarpeyo OR Breztri OR Breyna OR Saline) AND ("Chronic
Rhinitis" OR "Chronic Rhinosinusitis" OR "Chronic Rhino-sinusitis"
OR "Chronic sinusitis" OR CRS OR "Atrophic rhinitis" OR "Atrop-
hic sinusitis" OR "Atrophic Rhinosinusitis" OR "Atrophic Rhino-
sinusitis"))

Eligibility criteria

A dual-reviewer approach was employed to independently
evaluate the relevance of the retrieved references, with eligibility
determinations made based on a priori-defined criteria. To be
considered for inclusion in this systematic review, studies were
required to meet the following conditions: 1) a study population
comprising patients diagnosed with CRS, 2) the administration
of BNI as a solitary intervention or in comparison with saline
nasal irrigation (SNI) and 3) the assessment of one or more of
the following outcome measures: safety endpoints, including
intraocular pressure (IOP) and serum cortisol levels following BNI
administration, as well as efficacy endpoints, such as the Lund-
Kennedy Endoscopic score (LKES) and the Sino-Nasal Outcome
Test score (SNOT-22). Conversely, studies were excluded from
our analysis if they 1) involved animal subjects, 2) were publis-
hed in languages other than English, 3) were available only in
abstract form, or 4) lacked accessible or unpublished data.

Data collection

A standardized data extraction template was utilized to capture
pertinent information from the included studies systematically.
The extracted data encompassed a range of variables, inclu-
ding 1) bibliographic details, comprising the primary author's
surname and publication year; 2) study demographics, including
the sample size, study location, and participant age; 3) descrip-
tive characteristics, such as the distribution of sexes; 4) follow-up
duration; 5) outcome measures, including the LKES, SNOT-22,

Rhinology Vol 63, No 2, April 2025



Magboul et al.

[ Identification of studies via databases and registers ]
—
Records identified from:
§ - PubMed (n = 751)
- Scopus (n = 770) Duplicate rd d
3 - Gochrane (n = 435) I ol Bt b
- Web of science (n = 693)
- Embase (n= 1055)
0
—
Records screened (n = 1931) —» E‘e:‘?‘r;i:se]xcluded
i .
Reports excluded:
Reports assessed for eligibility - :P-PP“& ((n = 9%}
= 56 ——— - Reviews (n =
( } - Notes and letters (n = &)
- Other interventions (n=7)
—J
- Finally included studies in
E Systematic review (n = 26)
i - Finally included studies in Meta-
Analysis (n=19)

Figure 1. PRISMA Flow diagram.

IOP and serum cortisol level; 6) the presence or absence of nasal
polyps; 7) study inclusion criteria; 8) conclusions drawn by the
study; and 9) primary outcomes.

Quality assessment

The quality of the trials was assessed using Cochrane's Risk of
Bias Assessment Tool 1 (ROB1), which assessed multiple biases
like selection, performance, detection, attrition, and reporting
(19, Cohort and case series studies were assessed using the
National Institutes of Health (NIH) quality assessment tool,
categorizing quality as good, fair, or poor "7, Discrepancies were
resolved through discussion or third assessor involvement.

Data synthesis

Meta-analysis utilized mean difference (MD) with a 95% confi-
dence interval (Cl) for double-arm studies and pooled mean esti-
mates for single-arm studies. The fixed-effect model was applied
for homogeneous studies and random effects for heterogene-
ous ones. Heterogeneity was assessed using /? statistic and >
test; a p-value > 0.1 or I > 50% indicated heterogeneity. RevMan
5.4 was used for double-arm meta-analyses, and OpenMeta
Analyst for single-arm analyses.

Results

Literature search

A search of five databases found 3704 studies, narrowed down
to 1931 unique articles after removing duplicates. After revie-

wing titles and abstracts, 56 studies were selected for full-text

assessment, and 30 were excluded based on our inclusion
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Figure 2. Risk of bias for the included RCTs.

criteria. Ultimately, 26 studies were included in the systema-

tic review, with 19 eligible for single-arm analysis and 10 for
double-arm meta-analysis ©'*'8-4")_Figure 1 displays a visual
representation of the study selection process, as depicted by the
PRISMA flow diagram.

Included studies characteristics

Our systematic review encompassed 26 studies, comprising 12
randomized clinical trials (RCTs), 12 cohort studies, and 3 case
series, with a cumulative sample size of 1464 patients. Of these,
323 patients (22%) received SNI treatment, while 1141 (78%)
received BNI. The majority of the studies (12) utilized a 0.50

mg concentration of budesonide diluted with saline for nasal
irrigation following endoscopic surgeries. Additionally, seven
studies used a 1 mg concentration, and three studies used a 2
mg concentration. However, some papers did not specify the
exact dose used. Among the total of 1464 patients, 569 patients
had CRSwWNP. LKES and SNOT-22 scores were mainly used as the
primary endpoints for efficacy and IOP and serum cortisone
level for safety. Shipman et al. diverged from previous studies by
employing the retained dose of budesonide following irrigation
as a primary outcome measure. Their investigation quantified
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Table 1. Summary and baseline characteristics of the included studies.
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Table 1 continued. Summary and baseline characteristics of the included studies.
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Table 1 continued. Summary and baseline characteristics of the included studies.
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Table 1 continued. Summary and baseline characteristics of the included studies.
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Table 1 continued. Summary and baseline characteristics of the included studies.
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Table 1 continued. Summary and baseline characteristics of the included studies.
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Figure 3. Forest plot of SNOT-22 score change from baseline (Double arm analysis).
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Figure 4. Forest plot of Lund-Kennedy Endoscopic score change from baseline (Double arm analysis).

the residual budesonide dose after high-volume saline irrigati-
ons (HVSI) in post-operative patients diagnosed with CRS. They
indicated that the retained budesonide dose was significantly
higher than previously reported, with a temporal decrease ob-
served following ESS 3. Accurate determination of the retained
dose is crucial for understanding the safety profile of this treat-
ment approach (Table 1).

Quality assessment

Among the included RCTs, most high-risk bias domains were
attributed to attrition and detection bias. Conversely, the
remaining domains were predominantly classified as low-risk
bias. Regarding the cohort studies, all were deemed to be of fair
quality, with scores ranging from 7.5 to 10.5 on the NIH assess-
ment tool. Similarly, the two case series studies by Talat et al. ®®
and Soudry et al. ¥ were also classified as fair quality. Figure 2
and Supplementary Tables 1 and 2 display the ROB1 results and
the NIH judgment tables.

Meta-analysis findings

Sino-Nasal Outcome Test Score (SNOT-22)

Regarding the change from baseline, the SNOT-22 score

was assessed in seven studies encompassing 564 patients
(18:21,23:28,323637)_Qur analysis favored BNI over SNI with pooled MD
of -4.12 [-6.56, -1.68], p = 0.0009. The pooled studies were hete-
rogenous with x*-p = 0.04 and F* = 54%. The single-arm portion
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pooled means change from baseline after BNI was -22.813
[-29.573,-16.052]. In the latter analysis, the pooled studies were
heterogeneous with %?-p < 0.001 and F# = 90.5% (Figure 3 and
Supplementary Figure 1, respectively).

Lund-Kennedy Endoscopic Score (LKES)

Regarding the change from baseline, A comprehensive analysis
of seven studies comprising 548 patients was conducted to eva-
luate the LKES score (8192328293236 Qur analysis favored BNI over
SNI with pooled MD of -0.63 [-1.17,-0.08], p = 0.02. The pooled
studies were heterogeneous with x*-p < 0.00001 and F* = 86%.
In the single-arm analysis, the pooled mean change LKES score
from baseline following BNI was -4.338 [-6.086, -2.591]. However,
the studies included in this analysis also displayed significant
heterogeneity, with %?-p < 0.001 and ? = 99.48% (Figure 4 and
Supplementary Figure 2, respectively).

Intraocular Pressure (IOP)

A meta-analysis of two studies involving 172 patients was
conducted to investigate the IOP outcome 2829, This analysis
revealed no statistically significant difference between BNI and
SNI, with a pooled MD of 0.28 mm Hg [-0.52, 1.08], p = 0.49.The
pooled studies were homogenous with x*-p =0.12 and F = 59%.
In the single-arm analysis, the pooled mean IOP following BNI
was 14.88 mm Hg [13.13, 16.63]. However, the studies included
in this analysis exhibited significant heterogeneity, with 2 -p
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Figure 5. Forest plot of intraocular pressure (Double arm analysis).
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Figure 6. Forest plot of serum cortisol (Single arm analysis).

=0.002 and I = 84.36% (Figure 5 and Supplementary Figure 3,
respectively).

Serum cortisol

A single-arm meta-analysis was conducted to examine serum
cortisol following BNI, pooling data from four studies 203041,
This analysis yielded a pooled post-treatment mean value of
20.04 mcg/dL [12.39, 27.68]. Notably, the included studies exhi-
bited high heterogeneity, as evidenced by %?-p < 0.001 and =
97.08% (Figure 6).

Discussion

Summary of the study findings

A systematic review of 26 studies with 1464 patients was con-
ducted to compare the outcomes of BNI and SNI in CRS patients.
The meta-analysis revealed that BNI resulted in significantly
better outcomes than SNI in terms of SNOT-22 and LKES scores
regarding change from baseline. However, no significant diffe-
rence was found between the two treatments regarding IOP. The
single-arm study of BNI yielded a mean change in SNOT-22 score
of -22.813, LKES score improvement of -4.338, IOP of 14.88 mm
Hg, and serum cortisol level of 20.04 mcg/dL, indicating normal
levels were maintained after treatment. Overall, the findings
suggest that BNl is a therapeutic modality that offers a favorable
efficacy and safety profile in managing CRS.

Safety of BNl in CRS

The therapeutic importance of topical intranasal steroids in
managing CRS is well-established, with substantial evidence
supporting their efficacy 449, Nevertheless, the safety profiles
of intranasal steroid sprays, while well-known, are offset by a
significant drawback: the limited capacity of these low-volume

Rhinology Vol 63, No 2, April 2025

formulations to deliver the medication effectively into the
paranasal sinuses, a limitation that has been repeatedly docu-
mented in the scientific literature #%89), Literature suggests that
high-volume irrigation techniques can optimize the delivery of
medications to the sinuses and are considered a more effective
maintenance approach for managing mucosal inflammation, as
supported by numerous studies ©#'9, High-volume irrigation
techniques have emerged as the preferred method for delive-
ring topical intranasal corticosteroid therapy to patients with
CRS, as current guidelines recommend '), However, a signi-
ficant limitation of these techniques is that they are currently
restricted to off-label agents, which lack a robust evidence base
to support their safety profiles “o.

Extended use of exogenous corticosteroids has been linked

to an increased risk of unintended systemic absorption, which
can result in a range of adverse effects, including elevated IOP,
glaucoma, and suppression of the hypothalamic-pituitary-
adrenal (HPA) axis 7, HPA axis suppression, a potential side
effect of corticosteroid therapy, can be severe. As dose and
duration increase, so does the risk of suppression. Symptoms are
often nonspecific, such as malaise and weakness, and may only
appear when patients experience physiological stress or when
the medication is stopped abruptly. This can lead to adrenal
crisis, a life-threatening condition. Identifying patients with HPA
axis suppression is crucial to prevent and manage potential
complications “9.

Budesonide is a highly potent topical corticosteroid, exhibiting
a potency approximately 1000-fold greater than cortisol, with a
reported systemic bioavailability of around 35% when using BNI
64647 |ts mechanism of action involves binding to the glucocor-
ticoid receptor, thereby triggering a range of anti-inflammatory
effects, including modulation of arachidonic acid metabolite
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release, inhibition of leukocyte accumulation in affected tissues,
reduction of vascular permeability, suppression of neuropepti-
de-mediated responses, and alteration of glycoprotein secretion
from submucosal glands. Using budesonide respules in high-
volume saline irrigations leads to a daily dose between 0.25 mg
and 2 mg 447 This increased dosage has raised concerns about
the potential for elevated systemic exposure and subsequent
complications associated with high-volume sino-nasal budeso-
nide irrigations, as documented in the scientific literature #4647,
To date, limited studies on high-volume sino-nasal budesonide
irrigation safety exist %3141, Bhalla et al. found no HPA axis
suppression in 18 patients after eight weeks of 2 mg/day bu-
desonide use in sinonasal irrigation ©%. Welch et al. observed no
suppression in 10 patients after six weeks of 1 mg/day budeso-
nide use “V, Seiberling et al. reported no significant effect on
IOP after at least four weeks of 0.5 mg/day use . These findings
collectively suggest short-term safety (4 to 8 weeks) of high-
volume sino-nasal budesonide irrigations.

Smith et al. studied the effects of long-term high-volume sino-
nasal budesonide irrigations on the hypothalamic-pituitary-
adrenal axis. After 38.2 months of daily administration at 2 mg/
day, no HPA axis suppression was observed ©. Low retained
budesonide dose post-irrigation suggests minimal systemic
effects. Prolonged use (up to 2.9 years) appears safe regarding
HPA axis suppression, per Smith et al's findings . Based on

a retrospective case analysis by Soudry et al., there were no
appreciable changes in IOP throughout the course of the long-
term treatment period for patients receiving budesonide nasal
irrigations for an average of 22 months 3. Harvey et al. showed
less than 5% retention post-rinsing, reducing actual budesonide
exposure below prescribed levels ©.

Bruna et al. examined the relationship between cortisol levels
and the use of BNI in conjunction with other forms of cortico-
steroids. Their findings indicate that prolonged use of BNI alone
is unlikely to result in HPA axis suppression for most patients.
However, they noted that the combined use of inhaled and oral
steroids may be linked to an increased risk of hypocortisolemia

(49)

In summary, the existing literature raises several safety concerns
related to BNI, including the potential for HPA axis suppression
and ocular adverse effects “”. However, the current evidence
base is limited by the small sample sizes and short durations of
previous studies, resulting in underpowered and inconclusive
findings. Still, the aggregated evidence from our study col-
lectively suggests a favorable safety profile for BNI. Conflicting
reports on HPA axis suppression arise from inconsistent measu-
rement techniques, primarily using non-validated tests instead
of the gold standard tests. Additionally, some studies did not
report any safety issues, but their short durations made identi-
fying long-term adverse events like cataracts challenging.
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Efficacy of BNI

The International Consensus Statement on Allergy and Rhino-
logy: Rhinosinusitis 2021 (ICAR-RS-2021) recommends non-
standard corticosteroid delivery methods like corticosteroid
irrigation via a Corticosteroid Sinus Irrigation System (CSI), inclu-
ding BN, for both CRS with and without nasal polyps (CRSWNP,
CRSsNP). Five randomized controlled studies support the use

of CSI for CRSWNP (Grade A), while three prospective cohort
studies and two randomized clinical trials back its usage for
CRSsNP (also Grade A) 5%, However, the European Position Paper
on Rhinosinusitis and Nasal Polyps 2020 could not endorse CSI
due to limited evidence, especially due to lack of head-to-head
comparisons ©",

The Joint Task Force Practice Parameter by Rank et al. ®?, provi-
des comprehensive guidelines for managing CRS, including the
role of BNI. BNl is highlighted as an effective treatment option
for managing CRS, particularly in patients who do not respond
adequately to standard therapies. The guidelines emphasize
that BNI can be particularly beneficial in post-operative care

for patients who have undergone ESS. This treatment helps
maintain sinus patency, reduce mucosal edema, and prevent the
recurrence of polyps and other inflammatory changes. The use
of budesonide in high-volume saline irrigations allows for better
distribution of the medication throughout the sinonasal cavities,
enhancing its therapeutic effects. Moreover, the practice para-
meter underscores the importance of patient education on the
correct preparation and administration of budesonide nasal ir-
rigations to maximize their efficacy and minimize potential side
effects. The guidelines also call for further research to establish
standardized protocols for budesonide nasal irrigation, inclu-
ding optimal dosages and administration frequencies 2.
Harvey et al. conducted a 12-month randomized controlled

trial where patients with CRSWNP or CRSsNP undergoing sinus
surgery received either mometasone via INCS or CSI 3. The CSI
group exhibited more significant improvement in nasal bloc-
kage, Lund-Mackay scores (LMS), and modified Lund-Kennedy
scores compared to the INCS group despite utilizing five times
the approved dosage for CRSWNP ©3). Jiramongkolchai et al. per-
formed a double-blind, randomized, controlled trial demonstra-
ting minimal clinically significant differences in SNOT-22 scores
favoring mometasone CSl versus INCS 4. Luz-Matsumoto et al.
found that both methods improved LKES among patients with
CRSwWNP. Regarding SNOT-22, patients using CSI after ESS sho-
wed a higher rate of improvement in their SNOT-22 scores when
compared to the INCS group. Similarly, CSl yielded significant
SNOT-22 score improvements in patients without prior sinus
surgery, while topical corticosteroid nasal spray showed no sig-
nificant improvement in non-operating patients ©*. Calvo-Henri-
quez et al's 2023 systematic review and meta-analysis ©, as well
as Yoon et al's 2018 meta-analysis ¥, corroborate the findings
of the current meta-analysis. That review also found that while
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CSlimproved endoscopic scores and quality of life compared to
pretreatment, there was no significant difference in these out-
comes between CSl and saline irrigation alone. Calvo-Henriquez
et al. concluded that the benefit of adding corticosteroids to the
irrigation solution remains unclear ©*,

Rotenberg et al's double-blind, randomized, controlled trial
revealed no significant differences between saline irrigation
alone, saline irrigation and standard budesonide nasal spray, or
budesonide irrigation alone for 12 months ??. Three randomi-
zed clinical trials compared CSI, mostly BNI, with nonmedicated
saline irrigations, reporting mixed findings regarding statisti-
cal significance and no notable differences in adverse events
33756 Most uncontrolled trials demonstrated improvement in
symptom scores, SNOT-22, and LKES after sinus surgery and CSI
utilization 03557,

Considerations and future implications for BNI use in CRS

The absence of FDA-approved corticosteroid irrigation (CSI) pro-
ducts poses challenges for healthcare providers and patients.
Providers might prescribe off-label uses of budesonide ampules
intended for nebulized asthma treatment or order custom pre-
parations from compounding pharmacies. However, the lack of
regulation raises concerns about uniformity, quality control, and
consistency in CSI production ©8.

Patients preparing corticosteroid and saline solutions may
introduce variabilities due to uneven mixing, inconsistent
medication amounts, and differing administration techniques.
Older adults and non-English speakers have lower adherence
rates to irrigation instructions due to communication-related
barriers, potentially affecting dosages 9. Furthermore, using
contaminated tap water for saline irrigation increases the risk of
contracting diseases like primary amebic meningoencephalitis
caused by Naegleria fowleri . Properly distilling, boiling, or fil-
tering water is crucial to prevent infection. Lastly, nasal irrigation
bottles frequently harbor bacterial growth, primarily Staphylo-
coccus aureus, increasing the likelihood of reinfections if users
do not strictly follow sterilization guidelines ©'62,

Future BNI trials face essential challenges requiring attention.
Before initiating a registration-quality trial, dose-ranging studies
must be carried out in phases 1 or 2. Standardizing an effective
irrigation technique, ensuring even distribution to target areas,
and applying imaging technologies to evaluate drug distri-
bution patterns are vital steps. Another critical step for future
studies is determining the maximum safe dosage of budesonide
nasal irrigation and investigating if there is graded efficacy

with different doses. Developing patient training programs for
correctly preparing and administering irrigation solutions and
monitoring adherence is also essential. Stratifying or excluding
participants based on symptom severity, disease duration, past
surgeries, responses to earlier therapies, or nasal polyps will
help improve trial accuracy. Prespecifying efficacy endpoints
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and implementing stringent statistical methods to minimize
false positives are crucial. For CRSsNP, establishing consistent
evaluation methods for determining treatment success remains
an open question. Comprehensive safety assessments should be
undertaken in larger cohorts throughout extended treatment
periods to identify possible adverse events, including thorough
examinations of adrenal function and eyes.

Strengths and limitations

To our knowledge, this is the most up-to-date comprehensive
meta-analysis comparing the safety and efficacy of BNI in CRS
patients, recruiting trials, and studies discussing the role of BNI.
Nevertheless, it is essential to acknowledge several limitations
that warrant consideration. The existing body of literature on
BNI is characterized by heterogeneous results, which can be
attributed to the variability in solution volumes, doses, prepa-
ration methods (compounding pharmacies versus self-admi-
nistered), and administration frequencies, times, and positions
employed across different studies. Furthermore, many of these
studies were limited by small sample sizes and inconclusive fin-
dings in the large-scale trials. Due to the limited data available,
we were unable to separate the patients or conduct a subgroup
analysis based on the dosing of budesonide or the specific CRS
subtypes. It is also noteworthy that the majority of the inclu-
ded studies were of suboptimal quality, with diverse designs,
which may have introduced biases into our evidence. Due to
the limited availability of data, we included studies that initiated
BNI immediately after ESS, which may introduce variability of
treatment effects. Therefore, our findings should be interpreted
cautiously, acknowledging these limitations' potential influence.

Conclusion

Our review of 26 studies evaluated the safety and efficacy of BNI
versus SNI in CRS. The meta-analysis showed improved SNOT-22
and LKES scores for BNI, with unchanged IOP and cortisol levels,
highlighting BNI's effectiveness and safety. Future BNI trials
should tackle key challenges: conducting dose-ranging studies,
standardizing irrigation techniques, using imaging for drug dis-
tribution assessment, and stratifying participants by symptoms,
disease duration, surgeries, and nasal polyps.
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SUPPLEMENTARY MATERIAL

Supplementary Table 1. NIH quality assessment tool for observational cohort.

Bhalla et al. 2008
Kosugi et al. 2016

Sachanandani et
al. 2009

Seiberling et al.
2013

Smith etal. 2016
Welch et al. 2010
Kang et al. 2016
Jung et al. 2022
Jang etal.2013
Silva et al. 2023

Snidvongs et al.
2012

Shipman et al.
2024

1.Was the
research question
or objective in
this paper clearly
stated?

Yes / No / Not
reported (NR) or
cannot determine
(CD) or not ap-
plicable (NA)
Yes

Yes

Yes

Yes

Yes

Yes

selection criteria
for the study
population
prespecified and
clearly described?

Yes /No /Not
reported (NR) or
cannot determine
(CD) or not ap-
plicable (NA)
Yes

Yes

Yes

Yes

Yes

Yes

Yes

Yes

Yes

Yes

3. Were the partic-
ipants in the study
representative of
those who would
be eligible for the

general or clinical
population of
interest?

Yes /No/Not
reported (NR) or
cannot determine
(CD) or not ap-
plicable (NA)

Yes

Yes

4. Were all eligible
participants that
met the prespeci-
fied entry criteria

enrolled?

Yes /No/Not
reported (NR) or
cannot determine
(CD) or not ap-
plicable (NA)
Yes

NR

NR

NR

NR
NR
NR
NR

NR

NR

NR

5.Was the sample
size sufficiently
large to provide
confidence in the
findings?

Yes /No /Not
reported (NR) or
cannot determine
(CD) or not ap-
plicable (NA)
NR

NR

NR

NR

NR
NR
NR
NR
NR

NR

NR

NR

Budesonide nasal irrigation for rhinosinusitis

6. For the analyses
in this paper, were
the exposure(s) of
interest measured
prior to the
outcome(s) being
measured?

Yes / No / Not
reported (NR) or
cannot determine
(CD) or not ap-
plicable (NA)

Yes

Yes

7.Was the time
frame sufficient
so that one could
reasonably
expect to see

an association
between exposure
and outcome if it
existed?

Yes /No /Not
reported (NR) or
cannot determine
(CD) or not ap-
plicable (NA)

No

No

Yes

No

Yes
Yes

Yes

Yes

Yes

8. For exposures
that can vary in
amount or level,
the study
examine different
levels of the ex-
posure as related
to the outcome
(eg, categories of
exposure, or expo-
sure measured
as continuous
variable)?

Yes /No/Not
reported (NR) or
cannot determine
(CD) or not ap-
plicable (NA)

NR

NR

NR

NR

NR

NR

NR

NR

NR

NR

NR

NR
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Supplementary Table 1 continued. NIH quality assessment tool for observational cohort.

9. Were the ex- 10. Was the 11.Were theout-  12.Were the peo- 13.Was the loss 14. Were key po-
posure measures exposure(s) as- come measures ple assessing the  to follow-up after  tential confound-
(independ- sessed more than prespecified, outcomes blinded  baseline 20% or ing variables
ent variables) once over time? clearly defined, to the part less? Were those  measured and ad-
clearly defined, valid, reliable, pants' exposures/  lost to follow-up  justed statistically
valid, reliable, and assessed interventions? accounted for in for their impact Quality rating:
and implemented consistently the analysis? on the relation- Good (11-14)
consistently across all study ship between or Fair
across all study participants? exposure(s) and
participants? outcome(s)? Total scores

Yes=1//No=
0.5//NR &NA &
D=0
Yes /No /Not Yes /No /Not Yes /No /Not Yes /No/Not Yes /No /Not Yes /No /Not
reported (NR) or reported (NR) or reported (NR) or reported (NR) or reported (NR) or reported (NR) or
cannot determine cannotdetermine cannotdetermine cannotdetermine cannotdetermine cannot determine

(CD) or not ap- (CD) or not ap- (CD) or not ap- (CD) or not ap- (CD) or not ap- (CD) or not ap-

plicable (NA) plicable (NA) plicable (NA) plicable (NA) plicable (NA) plicable (NA)
Bhalla et al. 2008 Yes NR Yes NR NR Yes 85 Fair
Kosugi et al. 2016 Yes NR Yes NR Yes Yes 8 Fair
:f%‘:)";"da"i et Yes NR Yes NR Yes Yes 85 Fair
;g;b;'""g el Yes NR NR NR Yes Yes 7.5 Fair
Smith et al. 2016 Yes NR Yes NR Yes Yes 9 Fair
Welch et al. 2010 Yes NR Yes NR Yes NR 7.5 Fair
Kang et al. 2016 Yes NR Yes NR Yes Yes 9 Fair
Jung etal. 2022 Yes NR Yes NR Yes Yes 9 Fair
Jang etal. 2013 Yes NR NR NR Yes Yes 8 Fair
Silva et al. 2023 Yes NR Yes NR Yes Yes 10 Fair
gg;dzvongs stell Yes NR Yes NR Yes Yes 8.5 Fair
ggizaman i) Yes NR Yes NR Yes Yes 9 Fair
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Supplementary Table 2. NIH quality assessment tool for observational case series studies.

1.Was the

study ques-
tion or objec-

tive clearly
stated?

2. Was the

study popu-
lation clearly

and fully
described,

including a
case defini-

tion?

Yes /No/ Yes /No/
Not reported Not reported
(NR) or (NR) or
cannot cannot
determine determine
(CD) or not (CD) or not
applicable applicable
(NA) (NA)
;2':; il Yes Yes
;g;:gry Etal Yes Yes

3.Were the
cases con-
secutive?

Yes /No/
Not reported
(NR) or
cannot
determine
(CD) or not
applicable
(LLY)

NR

NR

4. Were the
subjects
comparable?

Yes /No/
Not reported
(NR) or
cannot
determine
(CD) or not
applicable
(NA)

NR

NR

5.Was the
interven-

tion clearly

described?

Yes /No/
Not reported
(NR) or
cannot
determine
(CD) or not
applicable
(NA)

6. Were the
outcome
measures

clearly de-

fined, valid,
reliable, and
implemented
consistently
across all
study partici-
pants?

Yes /No/
Not reported
(NR) or
cannot
determine
(CD) or not
applicable
(LLY)

7.Was the
length of
follow-up
adequate?

8.Were the
statistical
methods
well-de-
scribed?

Yes /No/ Yes /No/
Not reported Not reported
(NR) or (NR) or
cannot cannot
determine determine
(CD) or not (CD) or not
applicable applicable
(NA) (NA)

Yes Yes
Yes Yes

9. Were the
results well-
described?

Total scores:

Yes=1//No
= 0.5//NR&
NA&CD=0
Yes /No/
Not reported
(NR) or
cannot
determine
(CD) or not
applicable
(NA)
Yes 7
Yes 7

Quality rat-
ing: Good
(7.5-9)
or Fair
(5-7)
or Poor
(4.5-0)

Fair

Fair
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Studies

Ahamed et.al 2018 2018 -15.
Ahamed et.al 2024 2024 -15.
Deva et.al 2022 2022 -29.
Faruqg et.al 2021 2021 -44.
Huang et.al 2019 2019 -17.
Kang et.al 2016 2016 -16.
Kaur et.al 2020 2020 -21.
Kosugi et.al 2016 2016 -20.
Kothiwala et.al 2022 2022 -32.
Smith et al. 2016 2016 -28.
Tait et.al 2018 2018 -20.
Talat et.al 2022 2022 -8.

Overall (1"2=98.07 % , P< 0.001) -22.

Supplementary Figure 1. Forest plot of SNOT-22 score (single arm analysis for BNI).

Studies

Ahamed et al. 2018 2018 -2.
Ahamed et al. 2024 2024 -2.
Anjum et al. 2023 2023 -2.
Deva et al. 2022 2022 -5.
Faruq et al. 2021 2021 -5.
Huang et al. 2019 2019 -3.
Kang et al. 2016 2016 -5.
Kosugi et al. 2016 2016 -3.
Kothiwala et al. 2022 2022 -3.
Rotenberg et al. 2011 2011 -8.

Overall (1"2=99.48 % , P< 0.001) -4

Supplementary Figure 2. Forest plot of Lund-Kennedy endoscopic score (single arm analysis for BNI).

Studies

Kothiwala et al. 2022 16.
Seiberling et al. 2013 14.
Rotenberg et al. 2011 13.

Overall (1*2=84.36 % , P=0.002) 14.

Supplementary Figure 3. Forest plot of intraocular pressure (single arm analysis for BNI).
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