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HIGHLIGHTS
e Review: hypertonic saline nasal irrigation after sinus surgery.
¢ Chronic rhinosinusitis: frequent inflammatory disease, may need surgery.
¢ Saline nasal irrigation: crucial post-surgery care for healing.
e Study: hypertonic versus isotonic saline for nasal irrigation post-surgery.
¢ Meta-analysis: best saline concentration for care after sinus surgery.
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Abstract

Objectives: This study aimed to clarify the impact of hypertonic solutions on various out-
comes, including persistence or reduction of nasal crusts, polypoid edema, and postoperative
inflammatory symptoms.

Methods: We searched PubMed, Embase, and Cochrane Central Register of Controlled Trials
for studies comparing hypertonic with isotonic saline irrigation after FESS in adult patients
with Chronic Rhinosinusitis (CRS). Outcomes were polypoid mucosa, nasal crusts, and variation
from the baseline of Sino-Nasal Outcome Test (SNOT) 20/22 and Visual Analog Scale (VAS). For
statistical analysis, we used RevMan 5.4.1, and assessed heterogeneity with |2 statistics.
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Results: We included a total of 479 patients from 7 studies. In the hypertonic saline group, there
was a reduction in the nasal crust Risk Ratio (RR) (RR=0.65; 95% Cl 0.49 to 0.87; p=0.004; |? =
0%) after 30-45 days and severe crusts at 14-21 days (RR=0.59; 95% Cl 0.38 to 0.91; p=0.02;
IZ = 0%). Additionally, the persistence of polypoid mucosa was lower in the intervention arm
(RR=0.53; 95% Cl 0.43 to 0.65; p<0.00001; 12 = 0%) after 14-21 days. In the symptomatic
evaluation hypertonic saline group showed an improvement in postoperative symptoms by a
VAS Mean Difference (MD) (MD = —5; 95% Cl —5.77 to —4.24; p<0.00001; 12 = 0%) and a SNOT
20/22 Standard Mean Difference (SMD) (SMD = —1.65; 95% Cl —2.7 to —0.61; p=0.002; I = 93%)
reduction from baseline in 30-45 days after the surgery.

Conclusion: Hypertonic saline showed a superior improvement in postoperative evaluation by
means of nasal crusting, mucosal healing aspect, and nasal inflammatory symptoms compared
with isotonic saline irrigation.

© 2024 Published by Elsevier Espana, S.L.U. on behalf of Associacao Brasileira de Otorrino-
laringologia e Cirurgia Cérvico-Facial. This is an open access article under the CC BY license

(http://creativecommons.org/licenses/by/4.0/).

Introduction

Chronic rhinosinusitis is a common inflammatory nasal dis-
ease that can significantly impair sinonasal physiology,
directly contributing to the deterioration of the patient’s
quality of life." Although pharmacological therapy is effec-
tive for disease control, some subgroups do not respond
satisfactorily to conventional clinical interventions. In these
cases, Functional Endoscopic Sinus Surgery (FESS) is a bene-
ficial alternative, aiming to restore and improve ostiomeatal
ventilation and to facilitate ongoing topical medical therapy,
and thus is crucial for the sustained success of long-term
treatment and disease control.?

The success of FESS depends not only on an accurate
indication and correct surgical technique but also on post-
operative care to reduce inflammation and optimize early
mucosa regeneration.? A standardized approach to postop-
erative management after FESS does not exist, and current
practices vary widely among surgeons. However, nasal
irrigation with saline solution has become an accordant mea-
sure in early postoperative management after FESS. Studies
have shown the effectiveness of this approach in flushing
out inflammatory mediators, reducing nasal secretions and
clotted blood, and minimizing nasal crusting and edema.>>¢
Several solutions can be used for nasal irrigation, such as lac-
tated Ringer’s solution or corticosteroid-based solutions’-é;
however, saline solutions, based on NaCl, are the most com-
monly used. Saline solutions are classified as isotonic at a
concentration of 0.9% and hypertonic at 2%-7%.'° While clin-
ical use varies between isotonic and hypertonic, isotonic
saline has generally been the preferred solution for nasal
irrigation.’

However, recent research indicates that hypertonic
saline led to a faster resolution of nasal obstruction, nasal
secretion, and crusting.'® Despite these potential benefits,
the use of hypertonic solution may be associated with irri-
tative adverse effects,"" and there is no consensus on its
superiority over isotonic solutions. To address the lack of
concordance regarding the routine use of hypertonic nasal
lavage in early postoperative management after FESS, we
conducted a systematic review and meta-analysis. This study

aimed to clarify the impact of hypertonic solution on vari-
ous outcomes, including persistence or reduction of nasal
crusts, polypoid edema, and postoperative inflammatory
symptoms.

Methods
Eligibility criteria

The systematic review and meta-analysis were conducted
following the guidelines provided by the Cochrane Collab-
oration and the Preferred Reporting Items for Systematic
Reviews and Meta-Analysis (PRISMA) statement.'? Only stud-
ies that satisfied all the following criteria were included in
this meta-analysis: (1) Randomized Controlled Trials (RCTs),
(2) Patients with Chronic Rhinosinusitis (CRS), and (3) Tri-
als comparing hypertonic with isotonic nasal saline irrigation
(4) After FESS. Exclusion criteria were studies with (1) Other
surgical modalities, (2) Patients with cystic fibrosis, (3) Nasal
rinse with non-saline solutions, and (4) Use of spacers or
stents.

Search strategy and data extraction

We performed a systematic search of PubMed, Embase, and
the Cochrane Central Register of Controlled Trials in Octo-
ber 2023 using the following terms: ‘chronic rhinosinusitis’,
‘hypertonic’, ‘sea water’, ‘isotonic’, ‘nasal’, ‘irrigation’,
‘douching’, ‘spray’, ‘sinus surgery’, ‘FESS’, and ‘postop-
erative’. Additionally, a manual search was carried out to
discover any studies by examining the references cited
in all the included studies, as well as in other system-
atic reviews and meta-analyses. Two authors (R.G. and
G.S.) conducted the search independently. Three authors
(R.G., L.S., and R.A.) independently extracted the data
based on pre-defined search criteria. To extract data from
images or graphs, the website WebPlotDigitizer version 4.6
(https://apps.automeris.io/wpd/) was used. The prospec-
tive meta-analysis was registered on PROSPERO on under
protocol CRD42023480733.
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Endpoints and subgroup analyses

The primary outcomes of interest were the presence of poly-
poid mucosa appearance, nasal crusts, and variation from
baseline of the Visual Analog Scale (VAS) for total nasal symp-
tom score and Sino-Nasal Outcome Test (SNOT)-20/22. The
outcomes were assessed in different time intervals across
the studies, so to group the findings, we used the following
time cutoffs for all outcomes: the first 7 days after surgery,
14-21 days after surgery, and 30-45 days after surgery. For
studies that had assessment intervals at both 14 and 21 days,
we chose to collect the earlier outcomes (14 days). We chose
the polypoid edema because it is a more demarcated lesion
to avoid the bias of measurement. The presence of nasal
crusts was categorized as >50% or <50% crust visualized on
endoscopic evaluation or according to descriptions of mild,
moderate or severe crusts. We consider the accumulation
of >50% of crusts and the description of severe crusts to be
equivalent among the studies. All studies employed a similar
framework for classifying polypoid mucosa and nasal crusts,
focusing on the presence and severity of these conditions.
The primary differences were in the specific terminology
used and the detailed documentation of findings at different
post-operative intervals. This consistency in classification
allows for comparative analysis across different studies,
despite the variations in assessment as shown in Table 1
of the classification of each study. Only one study reported
the use of post-surgical crust debridement."” However, its
data were not included in the analysis of crust presence,
as the results presented were collected only after 8 weeks’
post-surgery.

We performed a subgroup analysis focusing on the effec-
tiveness of the hypertonic solution in subgroups limited to
cases using the high-pressure/low-volume delivery system
and those using the low-pressure/high-volume delivery sys-
tem, focusing on the VAS score.

Quality assessment

Quality assessment of RCTs was performed with Cochrane’s
tool for assessing bias in randomized trials.'* Studies are
scored as having high, low, or unclear risk of bias based on
five domains: selection, performance, detection, attrition,
and reporting. The risk of bias assessment was conducted
by two independent authors. Discrepancies between the
authors were resolved through discussions, during which
they presented their reasons for the disparities and reached
a consensus.

Statistical analysis

Pooled treatment effects for binary endpoints were eval-
uated using Risk Ratios (RR), while continuous outcomes
were assessed by Mean Differences (MD) and Standardized
Mean Differences (SMD), along with their corresponding
95% Confidence Intervals (95% Cl). Heterogeneity was
assessed using the Cochran Q test and I? statistics. For
outcomes with low heterogeneity (1> < 25%), a fixed-effects
model was employed. In cases of significant heterogeneity,
the DerSimonian and Laird random-effects model was
used. Statistical analysis was performed using RevMan

5.4.1 (Nordic Cochrane Centre, The Cochrane Collab-
oration, Copenhagen, Denmark). To calculate missing
standard deviations, we used the RevMan online calculator
(https://training.cochrane.org/resource/revman-calculator).
Sensitivity analyses were conducted to evaluate the
impact of individual studies on the overall results of the
meta-analysis.

Results

The initial search generated 2599 results (Fig. 1). After elim-
ination of duplicate records and irrelevant studies through a
review of titles and abstracts, 18 records remained, each of
which underwent a comprehensive review. Of these, 7 were
included in the qualitative and quantitative review after
the exclusion of studies with non-hypertonic saline interven-
tions (n=7) or no population of interest (n=4). Ultimately,
a total of 479 patients were included in this systematic
review and meta-analysis.”-'>'>""° Postoperative irrigation
with hypertonic saline solutions (2%-3%) was used in 239
patients (49.9%) with a follow-up range from 7 to 45 days
after surgery. All patients included underwent FESS for CRS
with or without nasal polyps, and the mean age was 37.7
years. Baseline characteristics were compared between all
groups (Table 2). Table 3 provides a detailed bias evaluation
of each RCT included in the meta-analysis performed using
the Cochrane Risk of Bias 2 tool. Six studies were consid-
ered to have some concerns since they did not provide access
to the publication protocol. One study was considered with
a high risk of bias due to discrepancies in how the data are
presented and the lack of a publication protocol.

Endoscopic outcomes

After the first 7 days, the presence of crusts (RR=0.99; 95%
Cl 0.93-1.04; p=0.61; 1> = 0%), and the polypoid appear-
ance of the mucosa (RR=0.99; 95% Cl 0.93-1.06; p=0.80;
I2 = 0%) were similar between the two hypertonic and iso-
tonic groups. At 14-21 postoperative days, the presence of
nasal crusts remained similar between the treatment groups
(RR=0.93; 95% Cl 0.78-1.11; p=0.42; 1> = 0%; Fig. 2A),
whereas the nasal polypoid appearance was reduced in the
hypertonic saline group (RR=0.53; 95% Cl 0.43 to 0.65;
p<0.00001; 12 = 0%; Fig. 2B). After 30-45 days, both the
presence of nasal crusts (RR=0.65; 95% Cl 0.49 to 0.87;
p=0.004; 12 = 0%; Fig. 3A) and the polypoidal appearance of
the mucosa (RR=0.39; 95% Cl 0.29 to 0.54; p<0.00001; I? =
0%; Fig. 3B) showed a significant risk reduction in the hyper-
tonic group. We examined the presence of severe crust in
two-time intervals. During the first 7 days of evaluation, the
presence of severe crust did not significantly vary between
the treatment arms (RR=0.97; 95% C1 0.81-1.17; p=0.75; I
= 0%). After 14-21 days, the presence of severe crusts sig-
nificantly improved in the hypertonic group (RR=0.61; 95%
Cl 0.41 to 0.90; p=0.01; I*> = 0%; Fig. 4). At 30-45 days,
the presence of severe crusts maintained a progressive risk
reduction in hypertonic saline intervention group (RR=0.37;
95% C1 0.19 to 0.72; p=0.004; I> = 0%).
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Table 1 Classification of the nasal mucosa and nasal crusts in the post-operative.

Study

Polypoid Mucosa Classification

Nasal Crusts Classification

Dawood 2022

Padiyar 2018

Tripathy 2019

Vakil 2021

Low 2014.

Wang 2020.

Wiikmann 2002

Normal Mucosa
Edematous/Cobblestoned Mucosa
Polypoidal Mucosa

Gross Polypoidal Mucosa

Normal Mucosa
Edematous/Cobblestoned Mucosa
Polypoidal Mucosa

Gross Polypoidal Mucosa
Edematous/Cobblestoned Mucosa
Normal Mucosa
Edematous/Cobblestoned Mucosa
Polypoidal Mucosa

Normal Mucosa
Edematous/Cobblestoned Mucosa
Polypoidal Mucosa

Gross Polypoidal Mucosa

Normal Mucosa
Edematous/Cobblestoned Mucosa
Polypoidal Mucosa

Gross Polypoidal Mucosa

Normal Mucosa
Edematous/Cobblestoned Mucosa
Polypoidal Mucosa

Normal Mucosa
Edematous/Cobblestoned Mucosa
Polypoidal Mucosa

No Crusts
Mild Crusts
Severe Crusts

No Crusts
<50% Crusts
>50% Crusts

No Crusting
Mild Crusting
Severe Crusting
No Crusts

<50% Crusts
>50% Crusts

No Crusts
<50% Crusts
>50% Crusts

No Crusting
Mild Crusting
Severe Crusting
No Crusts

Mild Crusts
Severe Crusts

Symptomatic outcomes

After 14-21 days, VAS (MD = —3.38; 95% Cl —5.38 to —1.37;
p=0.0010; 1> = 88%; Fig. 5) and SNOT-20/22 (SMD = —1.08;
95% Cl —1.85 to —0.31; p=0.006; I*> = 91%) scores showed
a significantly reduction from baseline in the hypertonic
group. At 30-45 postoperative days, VAS exhibited a signifi-
cantly score reduction from baseline in the hypertonic group
with no heterogeneity (MD = —4.99; 95% CI —5.75 to —4.23;
p<0.00001; I2 = 0%, Fig. 6). SNOT-20/22 after 30-45 days,
despite maintaining a significantly reduction from baseline
compared to the isotonic group, displayed high heterogene-
ity (SMD = —1.65; 95% Cl —2.70 to —0.59; p=0.002; I> = 93%;
Fig. 7).

Subgroup analyses

We evaluated the effectiveness of high-pressure/low-
volume and low-pressure/high-volume irrigation devices in
symptomatic relief after 14-21 days of surgery. In the high-
pressure/low-volume subgroup, hypertonic saline did not
show significant improvement in VAS score (MD = —2.12;
95% Cl —5.16 to 0.92; p=0.17; 1> = 88%; Fig. 5). How-
ever, in the high-volume/low-pressure subgroup, hypertonic
saline exhibited better performance in reducing the VAS
score (MD = —4.98; 95% Cl —5.71 to —4.25; p<0.00001;
I> = 0%; Fig. 5). Importantly, the test for subgroup dif-
ferences showed no significant interaction in the effect
of hypertonic saline in the high-pressure/low-volume and

low-pressure/high-volume irrigation subgroups (p=0.07 for
interaction).

Discussion

In this systematic review and meta-analysis of 7 studies and
479 patients, we compared the efficacy of hypertonic ver-
sus isotonic saline irrigation during the early postoperative
period in patients who underwent FESS for CRS. The main
findings from the pooled analyses with the use of hypertonic
saline were: (1) A reduction in the RR of polypoid appear-
ance of mucosa in 47% at 14-21 days and 61% after 30-45
days and (2) A decrease in the RR of nasal crust presence in
35%, (3) A VAS reduction from baseline by —4.99 points, and
(4) A reduction in the SNOT-20/22 score by —1.65 all after
30-45 days.

The functional impairment of the nasal mucosa is a nat-
ural and expected process after FESS. This phenomenon is
associated with controlled trauma induced by the surgical
manipulation, activating an inflammatory cascade aimed at
controlling damage and restoring the mucosa to its natu-
ral state.?’ In the initial phase, after trauma and rupture
of the vessels in the mucosa, a hemostatic stage begins,
with activation and formation of fibrin plugs via the coag-
ulation process, resulting in blood crusting visible in the
nose for 2-4 weeks.'"?" In some cases, a large absence of
mucosa covering exposed bone and cartilage results in an
excess of crust formation, a prominent contributor to nasal



Table 2

Baseline characteristics of included studies.

Study (first  Study design Intervention Delivery system Follow-up CRS phenotype Age, y? Female, n Male, n TNP

author, (hyper/iso)  (hyper/iso) (hyper/iso)

year)

Dawood RCT, open label Hypertonic High pressure/ Low 7, 14, and 21 CRSsNP N/A N/A N/A 40

2022 saline (2.3%) volume days

Low 2014 RCT, double blind  Hypertonic Low-pressure/ High 7, 21, and 45 CRSWNP and 40.4/41.5 8/10 13/12 43
saline (2.7%) volume days CRSsNP

Padiyar RCT, open label Hypertonic Low-pressure/ High 7, 15, and 30 CRSwWNP 34.9/34.33 10/12 20/18 60

2018 saline (3.0%) volume days

Tripathy RCT, open label Hypertonic Low pressure/ High 7, 15, and 30 CRSwWNP and 36.4/36.8 14/12 16/18 60

2019 saline (3.0%) volume days CRSsNP

Vakil 2019 RCT, open label Hypertonic Low pressure/ High 7, 21, and 45 CRSWNP and 34.9/34.33  32/36 46/42 156
saline (3.0%) volume days CRSsNP

Wang 2020  RCT, double blind  Hypertonic High pressure/ low 2, 8, 16, and CRSwWNP 40.78/41.80 17/16 31/29 93
saline (2.0%) volume 24 weeks

Wiikmann RCT, double blind  Hypertonic Low pressure/ LHigh 7 and 30 days =~ CRSwNP and N/A N/A N/A 27

2002 saline (2.0%) volume CRSsNP

CRS, Chronic Rhinosinusitis; CRSsNP, Chronic Rhinosinusitis without Nasal Polyps; CRSWNP, Chronic Rhinosinusitis with Nasal Polyps; FESS, Functional Endoscopic Sinus Surgery; Hyper,

Hypertonic saline; Iso, Isotonic saline; TNP, Total Number of Patients.

a Mean.
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PubMed search: 820 results

Embase search: 1420 results

Cochrane search: 355 results

Backward snowballing : 4 results

l

Number screenéd: 2599 results

Duplicate reports or did not meet
— inclusion criteria based on
title/abstract (n = 880)

Full-text reviewed: 18 studies

—1 Non-hypertonic saline interventions
(=)

— No population of interest (n = 4)

7 included studies

PRISMA flow diagram of study screening and selection.

Bias in
menasurement
of the
outcomes

Bias in
selection of the
reported result

Overall bias

Fig. 1
Table 3 Risk of bias assessment of included studies.
Study (first Bias from Bias due to Bias due to
author, year) radomization deviations from missing
process intended outcome data
interventions
Dawood 2022 Low Low Low
Low 2014 Low Low Low
Padiyar 2018 Low Low Low
Tripathy 2019 Low Low Low
Vakil 2021 Low Low Low
Wang 2020 Low Low Low
Wiikemann Low Low Low
2002

Some concerns
Low
Low
Low
Low
Low
Low

Some concerns
Some concerns
Some concerns
Some concerns
Some concerns
Some concerns
Some concerns

High

Some concerns
Some concerns
Some concerns
Some concerns
Some concerns
Some concerns

obstruction, and potential infection that can compromise
the healing process.?

Moistening the postoperative cavities contributes to
decreased crusting and has favorable effects on the
re-epithelialization of the mucosa.?®?* Previous studies sug-
gested that irrigation with hypertonic saline can reduce
secretion viscosity, facilitating evacuation through mucocil-

iary transport and physically removing crusts.®?*?> These
effects are possibly due to the hypertonic solution’s ability
to reduce mucus elasticity and viscosity by breaking down
ionic bonds, increasing the osmotic flow between water and
the layers of mucus deposited on the mucosa and improving
the mucociliary function®?® by potentially accelerating the
crusts’ dissolution. In concordance, our data suggest that
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A
Experimental Control Risk Ratio Risk Ratio

Study or Subgroup  Events  Total Events Total Weight M-H, Fixed, 95% CI M-H, Fixed, 95% CI
Dawood 2022 1" 20 13 20 11.9% 0.85[0.51, 1.41] ==
Low 2014 10 21 13 22 11.6% 0.81[0.46, 1.42) "
Padiyar 2018 19 30 18 30 16.4% 1.06 [0.71, 1.57] _—1r
Tripathy 2019 20 30 22 30 20.1% 0.91 [0.65, 1.27] - &
Vakil 2021 42 78 44 78 40.1% 0.95[0.72, 1.27) —
Total (95% ClI) 179 180 100.0% 0.93 [0.78, 1.11] B
Total events 102 110

Heterogeneity: Chi? = 0.81, df =4 (P = 0.94); 1> = 0%
Test for overall effect: Z = 0.80 (P = 0.42)

05 07 1 15 2
Favors hypertonic saline  Favors isotonic saline

B
Experimental Control Risk Ratio Risk Ratio
Study or Subgroup  Events Total Events Total Weight M-H, Fixed, 95% CI M-H, Fixed, 95% CI
Low 2014 10 21 19 22 16.5% 0.55[0.34, 0.89] -
Padiyar 2018 13 30 25 30 22.2% 0.52[0.34, 0.81] ——
Tripathy 2019 1 30 2 30 1.8% 0.50 [0.05, 5.22]
Vakil 2021 35 78 67 78 59.5% 0.52[0.40, 0.68] .
Total (95% CI) 159 160 100.0% 0.53 [0.43, 0.65] 3
Total events 59 113

Heterogeneity: Chi? = 0.04, df =3 (P = 1.00); I = 0%
Test for overall effect: Z = 6.16 (P < 0.00001)

0.02 0.1 1 10 50
Favors hypertonic saline Favors isotonic saline

Fig. 2 (A) The presence of crusts was similar between the hypertonic and isotonic groups after 14-21 days (p=0.42). (B) The
polypoidal appearance of the mucosa showed a significant risk reduction in the hypertonic solution irrigation group at 14-21 days

(p<0.00001).

A
Experimental Control Risk Ratio Risk Ratio

Study or Subgroup  Events Total Events Total Weight M-H, Fixed, 95% CI M-H, Fixed, 95% CI
Low 2014 3 21 5 22  6.6% 0.63[0.17,2.31)
Padiyar 2018 10 30 14 30 18.8% 0.71[0.38, 1.35) —
Tripathy 2019 8 30 19 30 25.6% 0.42(0.22, 0.81) —
Vakil 2021 24 78 32 78 43.1% 0.75 [0.49, 1.15]) —&T
Wiikmann 2002 3 12 5 15  6.0% 0.75[0.22, 2.52) B X T
Total (95% Cl) 171 175 100.0% 0.65 [0.49, 0.87] 3
Total events 48 75

Heterogeneity: Chi? = 2.27, df = 4 (P = 0.69); I = 0%
Test for overall effect: Z = 2.87 (P = 0.004)

0.05 0.2 1 5 20
Favors hypertonic saline  Favors isotonic saline

B
Experimental Control Risk Ratio Risk Ratio
Study or Subgroup  Events Total Events Total Weight M-H, Fixed, 95% CI M-H, Fixed, 95% CI
Low 2014 6 21 15 22 16.9% 0.42[0.20, 0.87] : b
Padiyar 2018 8 30 19 30 21.9% 0.42[0.22, 0.81] —
Tripathy 2019 1 30 2 30 23% 0.50 [0.05, 5.22]
Vakil 2021 19 78 51 78 58.9% 0.37[0.24, 0.57) ——
Total (95% CI) 159 160 100.0% 0.39 [0.29, 0.54] b
Total events 34 87

Heterogeneity: Chi? = 0.17, df =3 (P = 0.98); I = 0%
Test for overall effect: Z = 5.75 (P < 0.00001)

0.05 0.2 1 5 20
Favors hypertonic saline  Favors isotonic saline

Fig. 3  (A) The presence of crusts showed a significant risk reduction in the hypertonic solution irrigation group at 30-45 post-
operative days (p = 0.004). (B) The polypoidal appearance progressively improved in the hypertonic group after 30-45 days

(p<0.00001).

hypertonic saline can reduce the risk of nasal crusts after
30-45 days compared with isotonic lavage (Fig. 3A). When
we focused on individuals with severe crusts, a reduction
in crust intensity was observed in the hypertonic irrigation
arm after 14-21 days (Fig. 4). In the first week, there was no

difference in reduction of crusts or severe crusts between
the treatment groups.

Following the crust formation is an inflammatory phase
that aims to clear the nasal cavity and support a mucosal
transition.?" This stage may result in two main outcomes:
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Experimental Control Risk Ratio Risk Ratio
Study or Subgroup Events Total Events Total Weight M-H, Fixed, 95% Cl M-H, Fixed, 95% CI
Dawood 2022 6 20 9 20 17.7% 0.67 [0.29, 1.52] —
Low 2014 3 21 5 22 9.6% 0.63[0.17, 2.31] .
Padiyar 2018 4 30 7 30 13.8% 0.57 [0.19, 1.75] . ST A
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Fig. 4 There was a significant improvement in the presence of severe crusts in the hypertonic group after 14-21 days (p=0.01).

Experimental Control Mean Difference Mean Difference
Study or Subgroup Mean SD Total Mean SD Total Weight IV, Random, 95% CI IV, Random, 95% CI
1.11.1 High pressure/ Low volume
Dawood 2022 -132 34 20 -95 1.3 20 226%  -3.70[-5.30, -2.10] -
Wang 2020 -142 35 48 -136 3.2 45 23.6% -0.60 [-1.96, 0.76) —&
Subtotal (95% Cl) 68 65 46.2% -2.12 [-5.16, 0.92] i

Heterogeneity: Tau? = 4.23; Chi* = 8.39, df = 1 (P = 0.004); I* = 88%
Test for overall effect: Z = 1.37 (P = 0.17)

1.11.2 Low pressure/ High volume

Low 2014 -126 127 21 -11.9 1346 22 53% -0.70 [-8.52, 7.12)

Padiyar 2018 -125 3.2 30 -8 24 30 23.3%  -4.50[-5.93,-3.07) —
Vakil 2021 -132 28 78 -8 26 78 252%  -5.20[-6.05, -4.35) =
Subtotal (95% CI) 129 130 53.8% -4.98 [-5.71, -4.25] <&

Heterogeneity: Tau? = 0.00; Chi* = 1.84, df = 2 (P = 0.40); I*= 0%
Test for overall effect: Z = 13.44 (P < 0.00001)

Total (95% Cl) 197 195 100.0%  -3.38 [-5.38, -1.37] i

Heterogeneity: Tau? = 3.96; Chiz = 32.92, df = 4 (P < 0.00001); I2 = 88% t t t t

Test f Il effect: Z = 3.30 (P = 0.0010 19 B 9 5 1
est for overall effect: Z = 3.30 (P = 0. ) Favors hypertonic saline Favors isotonic saline

Test for subgroup differences: Chi? = 3.22, df = 1 (P = 0.07), I = 69.0%

Fig. 5 The visual analog scale for total nasal symptom score showed a significant reduction from baseline after 14-21 days
(p=0.0010). The high-pressure/low-volume subgroup did not show significance; the high-volume/low-pressure group exhibited
better performance by hypertonic saline in reducing the visual analog scale score.

Experimental Control Mean Difference Mean Difference
Study or Subgroup Mean SD Total Mean SD Total Weight IV, Fixed, 95% CI IV, Fixed, 95% ClI
Low 2014 -17.36 12.7 21 -14.07 9.33 22 1.3% -3.29[-9.98, 3.40]
Padiyar 2018 -175 54 30 -124 23 30 13.2% -5.10[-7.20, -3.00] &
Tripathy 2019 -18.2 43 30 -136 28 30 17.3% -4.60[-6.44, -2.76] -
Vakil 2021 -175 34 78 -124 24 78 68.2% -5.10[-6.02,-4.18] . o
Total (95% ClI) 159 160 100.0% -4.99 [-5.75, -4.23] L3
Heterogeneity: Chi? = 0.49, df = 3 (P = 0.92); I2= 0% P 1 : 5 0 5 1=0
Test for overall effect: Z = 12.82 (P < 0.00001) Favors hypertonic saline  Favors isotonic saline

Fig. 6 The visual analog scale for total nasal symptom score, maintaining a significant reduction from baseline after 30-45 days
(p<0.00001).

Experimental Control Std. Mean Difference Std. Mean Difference
Study or Subgroup  Mean SD Total Mean SD_Total Weight IV, Random, 95% CI IV, Random, 95% CI
Low 2014 -20.8 15.26 21 -20.2 14.28 22 249% -0.04 [-0.64, 0.56] .
Padiyar 2018 -31 3.2 30 -233 4.3 30 247% -2.01 [-2.63, -1.38] i
Tripathy 2019 -32.8 4.6 30 -242 33 30 24.6% -2.12[-2.76, -1.48] — &
Vakil 2021 -31.2 3.2 78 -222 4.2 78 25.9% -2.40 [-2.81, -1.99] =
Total (95% Cl) 159 160 100.0%  -1.65[-2.70, -0.59] ~l—
Heterogeneity: Tau? = 1.07; Chi? = 42.69, df = 3 (P < 0.00001); 12 = 93% t t 1 t
Test f Il effect: Z = 3.06 (P = 0.002 4 2 0 2 4
est for overall effect: Z = 3.06 (P = 0.002) Favors hypertonic saline Favors isotonic saline

Fig. 7 Sino-Nasal Outcome Test 20/22 after 30-45 days, maintaining a significant difference compared to the isotonic solution
group (p=0.002).
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a complete tissue healing with a complete epithelial meta-
plasia and the establishment of a new functional mucosa,
or a degenerative process with an incomplete epithelium
metaplasia and predominantly edema, polyps, vesicles, and
granulation tissue, leading to the genesis of dysfunctional
mucosa. At the beginning, these two states coexist, but
depending on endogenous and environmental responses, one
of the two will predominate.?' Our study shows that hyper-
tonic saline irrigation results in an improvement in the
polypoid appearance of the mucosa after 14-21 postoper-
ative days (Fig. 2B), and after 30-45 days, the result is
maintained (Fig. 3B) with statistical significance.” '3 There
is no explanation for why hypertonic solution is able to
reduce the polypoid appearance of the mucosa. Presum-
ably, this effect is linked to the inhibition or modulation
of certain inflammatory factors. According to some stud-
ies, hypertonic saline is believed to work by diminishing the
release of interleukin-8, thereby contributing to the reduc-
tion of postoperative swelling.?>%”

We also analyzed the efficacy of hypertonic irrigation as
a symptomatic reliever. This evaluation relied on two key
aspects: a direct assessment of symptom severity using the
VAS for total nasal symptom score and an examination of
the impact of symptoms on the patient’s daily activities as
measured by SNOT-20/22. After 14-21 days, VAS showed a
significantly reduction in the hypertonic arm (Fig. 5). Pre-
vious studies have suggested’ that high-volume irrigation
shows superior efficacy in symptom control. In our subgroup
analysis (Fig. 5), among the subgroup treated with high-
volume irrigation, hypertonic saline exhibited a significant
improvement over isotonic saline with a consistent similar-
ity among the evaluated studies (1> = 0%). The subgroup
analysis of low-volume irrigation did not show a significant
difference between hypertonic and isotonic arms and main-
tained heterogeneity (1> = 88%; Fig. 5). However, the test
for subgroup differences showed no significant interaction
between the groups (p=0.07 for interaction). When the
treatment was extended to 30-45 days, the effects of the
intervention became more pronounced and consistent across
the four evaluated studies,” '*~'® demonstrating a significant
improvement compared to the baseline VAS (Fig. 6).

The SNOT is a practical tool that enables a more compre-
hensive assessment of CRS symptoms and their impact on the
patient’s quality of life.?® In practice, this score has proven
useful for determining the disease burden and quantifying
the effectiveness of clinical or surgical interventions.?’ Our
pooled analysis revealed a statistically significant improve-
ment in SNOT after hypertonic saline lavage. At 14-21 days
after surgery, SNOT maintained a statistical significance
through the final measured period of 30-45 days (Fig. 7).
However, despite demonstrating statistical significance, the
central tendency value and confidence intervals were dis-
creet, resulting in a lack of clinical significance. The reason
for these results may lie in the structure of the SNOT ques-
tions, as few directly pertain to nasal symptoms.?’ Thus,
even with an improvement in the VAS, there may not neces-
sarily be a direct improvement in the SNOT score.

Despite the advantages of hypertonic saline, some stud-
ies and a previous meta-analysis have documented that
hypertonic saline induces a burning sensation through
stimulation of nociceptive nerves, triggering the release
of substance P.3*3'" Furthermore, it releases histamine,

contributing to nasal hyperreactivity and hypersecretion,
ultimately compromising nasal airway patency.*’ Among the
evaluated studies, only 3 reported withdrawals due to these
adverse effects,”'>' and in most cases, losses were equiv-
alent between the hypertonic and isotonic groups. The rest
of the patients-maintained follow-up until the end of the
specified duration for each study, which ranged from 21 days
to 6 months. These findings suggest that hypertonic saline’s
adverse effects, for the most patients, are minor and appear
to be well tolerated throughout the course of treatment.
The absence of double-blinding in most studies increases
the likelihood of patients experiencing a placebo effect from
the use of nasal solutions, especially since the double-blind
studies failed to show statistically significant results in both
VAS and SNOT scores, except nasal obstruction had a signifi-
cant improvement using hypertonic solution comparing with
isotonic one.” '3

Study limitation

This study grouped different concentrations of hypertonic
saline solution (2%-3%), which may compromise the quan-
tification of the clinical effect. However, there are still no
significant studies that measure and compare whether there
is a real clinical difference between these saline concentra-
tions. Additionally, most studies, despite being randomized,
did not have double-blinding and did not have prolonged
follow-up, restricting the evaluation of their effects only to
the early postoperative period (within 30-45 days). The lack
of double blinding also makes the analysis more vulnerable
to measurement bias and the placebo effect, potentially
skewing the perceived efficacy of the interventions under
study. In the end, it is advisable to exercise caution in
the interpretation of the point estimate I in meta-analyses
involving a limited number of studies. In instances of smaller
meta-analyses, reliance on confidence intervals is recom-
mended to augment or substitute for the potentially biased
point estimate 2.3

Conclusion

The results of this meta-analysis, which included 479
patients, highlight that the use of hypertonic saline, com-
pared to isotonic saline, for early management after FESS
leads to better mucosal recovery and symptomatic relief.
Improvement in the severity of nasal crusts and the polypoid
appearance of the mucosa can be observed starting from 14
days. Similarly, hypertonic saline shows an improvement in
symptoms after at least 2 weeks of use without a significant
presence of side effects. These findings suggest that hyper-
tonic solutions (2%-3%) are effective and can be safely used
after endoscopic nasal surgeries.

CRediT authorship contribution statement

A.L., R.G. and G.S. conducted a manual search to identify
any additional relevant studies. A.L., R.G., L.S., and R.A.
extracted the data based on predefined search criteria and
performed the statistical analysis. R.G. and A.L. completed
the risk of bias assessment. A.L. and R.G. led the writing of



A.D. Lima, R.B. Giffoni, J. Arguelles-Hernandez et al.

the article, with assistance from M.N., J.H. and M.D. A.L.
and M.C. performed the final review of the article before
submission.

Funding

This study did not receive any funding.

Declaration of competing interest

The authors declare no conflicts of interest.

Acknowledgments

The manuscript was edited by Sarah Bronson, ELS, of the
Research Medical Library at The University of Texas MD
Anderson Cancer Center.

References

10.

1.

12.

13.

. Bachert C, Holtappels G. Pathophysiology of chronic rhi-

nosinusitis, pharmaceutical therapy options. GMS Curr Top
Otorhinolaryngol Head Neck Surg. 2015;14. Doc09.

. Weber RK, Hosemann W. Comprehensive review on endonasal

endoscopic sinus surgery. GMS Curr Top Otorhinolaryngol Head
Neck Surg. 2015;14. Doc08.

. Freeman S, Sivayoham E, Jepson K, de Carpentier J. A pre-

liminary randomised controlled trial evaluating the efficacy of
saline douching following endoscopic sinus surgery. Clin Oto-
laryngol. 2008;33:462-5.

. Portela RA, Hootnick J, McGinn J. Perioperative care in func-

tional endoscopic sinus surgery: a survey study. Int Forum
Allergy Rhinol. 2012;(2012):27-33.

. Liang K, Su M, Tseng H, Jiang R. Impact of pulsatile nasal irri-

gation on the prognosis of functional endoscopic sinus surgery.
J Otorhinolaryngol Head Neck Surg. 2008;37:148-53.

. Salib R, Talpallikar S, Uppal S, Nair S. A prospective randomised

single-blinded clinical trial comparing the efficacy and tolera-
bility of the nasal douching products sterimar and sinus rinse
following functional endoscopic sinus surgery. Clin Otolaryngol.
2013;38:297-305.

. Low T, Woods C, Ullah S, Carney A. A double-blind random-

ized controlled trial of normal saline, lactated Ringer’s, and
hypertonic saline nasal irrigation solution after endoscopic sinus
surgery. Am J Rhinol Allergy. 2014;28:225-31.

. Kothiwala M, Samdani S, Grover M, Gurjar V. Efficacy of topical

high volume budesonide nasal irrigation in post FESS Patients of
chronic rhinosinusitis with or without nasal polyposis. Indian J
Otolaryngol Head Neck Surg. 2022;74:1399-407.

. Talbot A, Herr T, Parsons D. Mucociliary clearance and buffered

hypertonic saline solution. Laryngoscope. 1997;107:500-3.
Peric A, Kovacevi¢ SV, Bara¢ A, Gacesa D, Peri¢ AV, Jozin
SM. Efficacy of hypertonic (2.3%) sea water in patients
with aspirin-induced chronic rhinosinusitis following endoscopic
sinus surgery. Acta Otolaryngol. 2019;139:529-35.

Pinto JM, Elwany S, Baroody FM, Naclerio RM. Effects of saline
sprays on symptoms after endoscopic sinus surgery. Am J Rhinol.
2006;20:191-6.

Page MJ, McKenzie JE, Bossuyt PM, et al. The PRISMA 2020 state-
ment: an updated guideline for reporting systematic reviews.
BMJ. 2021;372:n71.

Wang J, Shen L, Huang Z-Q, et al. Efficacy of buffered hyper-
tonic seawater in different phenotypes of chronic rhinosinusitis

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

10

with nasal polyps after endoscopic sinus surgery: a randomized
double-blind study. Am J Otolaryngol. 2020;41:102554.

Higgins JPT, Altman DG, Gatzsche PC, et al. The Cochrane Col-
laboration’s tool for assessing risk of bias in randomised trials.
BMJ. 2011;343:d5928.

Dawood MR, Mohammed ZS. Comparative study between the
uses of hypertonic saline versus isotonic saline nasal Irrigation
following endoscopic sinus surgery. Pol Otorhinolaryngol Rev.
2022;11:14-20.

Vakil AJ, Ojha T, Prasad S, Singh P. Comparison of hypertonic
saline with normal saline in nasal irrigation post endo-
scopic sinus surgery. Indian J Otolaryngol Head Neck Surg.
2022;74:1518-22.

Tripathy SM, Panda R. Comparative study of hypertonic saline
nasal douching versus normal saline nasal douching in post oper-
ative endoscopic sinus surgery patients. Int J Otorhinolaryngol
Head Neck Surg. 2019;5:598-602.

Padiyar BV. The effect of hypertonic saline versus isotonic saline
irrigation following endoscopic sinus surgery- A comparative
study. Glob J Otolaryngol. 2018;15:555925.

Comparision between Normal Saline and Buffered Hyper-
tonic Saline After Endoscopic Sinus Surgery. https://www.
arquivosdeorl.org.br/conteudo/acervo_port.asp?id=186.
Selvarajah J, Saim AB, Idrus RBH, Lokanathan Y. Current and
alternative therapies for Nasal Mucosa injury: a review. Int J
Mol Sci. 2020;21:480.

Xu G, Jiang H, Li H, Shi J, Chen H. Stages of nasal mucosal
transitional course after functional endoscopic sinus surgery and
their clinical indications. ORL J Otorhinolaryngol Relat Spec.
2008;70:118-23.

Curran K, Adepoju A, Pinheiro-Neto C, Peris-Celda M, Ken-
ning T. Nasal crust-related morbidity and debridement after
endoscopic skull base surgery. Int Arch Otorhinolaryngol.
2023;27:e336-41.

Eloy P, Andrews P, Poirrier A-L. Postoperative care in endoscopic
sinus surgery: a critical review. Curr Opin Otolaryngol Head Neck
Surg. 2017;25:35-42.

Mainz JG, Schumacher U, Schadlich K, et al. Sinonasal inhala-
tion of isotonic vs. hypertonic saline (6.0%) in CF patients with
chronic rhinosinusitis-results of a multicentre, double-blind,
controlled prospective trial. J Cyst Fibros. 2016;15:e57-66.
Daviskas E, Anderson SD, Gonda I, et al. Inhalation of hypertonic
saline aerosol enhances mucociliary clearance in asthmatic and
healthy subjects. Eur Respir J. 1996;9:725-32.

Wark P, McDonald VM. Nebulised hypertonic saline for cystic
fibrosis. Cochrane Database Syst Rev. 2018;(2):CD001506.
Tomooka L, Murphy C, Davidson T. Clinical study and literature
review of nasal irrigation. Laryngoscope. 2000;110:1189-93.
Piccirillo JF, Merritt MG, Richards ML. Psychometric and
clinimetric validity of the 20-ltem Sino-Nasal Outcome Test
(SNOT-20). Otolaryngol Head Neck Surg. 2002;126:41-7.
Hopkins C, Gillett S, Slack R, Lund VJ, Browne JP. Psychometric
validity of the 22-item Sinonasal Outcome Test. Clin Otolaryn-
gol. 2009;34:447-54.

Baraniuk JN, Ali M, Yuta A, Fang SY, Naranch K. Hypertonic saline
nasal provocation stimulates nociceptive nerves, substance P
release, and glandular mucous exocytosis in normal humans.
Am J Respir Crit Care Med. 1999;160:655-62.

Kanjanawasee D, Seresirikachorn K, Chitsuthipakorn W, Snid-
vongs K. Hypertonic saline versus isotonic saline nasal irrigation:
systematic review and meta-analysis. Am J Rhinol Allergy.
2018;32:269-79.

von Hippel PT. The heterogeneity statistic 12 can be biased in
small meta-analyses. BMC Med Res Methodol. 2015;15:35.


http://refhub.elsevier.com/S1808-8694(24)00132-0/sbref0005
http://refhub.elsevier.com/S1808-8694(24)00132-0/sbref0005
http://refhub.elsevier.com/S1808-8694(24)00132-0/sbref0005
http://refhub.elsevier.com/S1808-8694(24)00132-0/sbref0005
http://refhub.elsevier.com/S1808-8694(24)00132-0/sbref0005
http://refhub.elsevier.com/S1808-8694(24)00132-0/sbref0005
http://refhub.elsevier.com/S1808-8694(24)00132-0/sbref0005
http://refhub.elsevier.com/S1808-8694(24)00132-0/sbref0005
http://refhub.elsevier.com/S1808-8694(24)00132-0/sbref0005
http://refhub.elsevier.com/S1808-8694(24)00132-0/sbref0005
http://refhub.elsevier.com/S1808-8694(24)00132-0/sbref0005
http://refhub.elsevier.com/S1808-8694(24)00132-0/sbref0005
http://refhub.elsevier.com/S1808-8694(24)00132-0/sbref0005
http://refhub.elsevier.com/S1808-8694(24)00132-0/sbref0005
http://refhub.elsevier.com/S1808-8694(24)00132-0/sbref0005
http://refhub.elsevier.com/S1808-8694(24)00132-0/sbref0005
http://refhub.elsevier.com/S1808-8694(24)00132-0/sbref0005
http://refhub.elsevier.com/S1808-8694(24)00132-0/sbref0005
http://refhub.elsevier.com/S1808-8694(24)00132-0/sbref0005
http://refhub.elsevier.com/S1808-8694(24)00132-0/sbref0005
http://refhub.elsevier.com/S1808-8694(24)00132-0/sbref0005
http://refhub.elsevier.com/S1808-8694(24)00132-0/sbref0005
http://refhub.elsevier.com/S1808-8694(24)00132-0/sbref0005
http://refhub.elsevier.com/S1808-8694(24)00132-0/sbref0010
http://refhub.elsevier.com/S1808-8694(24)00132-0/sbref0010
http://refhub.elsevier.com/S1808-8694(24)00132-0/sbref0010
http://refhub.elsevier.com/S1808-8694(24)00132-0/sbref0010
http://refhub.elsevier.com/S1808-8694(24)00132-0/sbref0010
http://refhub.elsevier.com/S1808-8694(24)00132-0/sbref0010
http://refhub.elsevier.com/S1808-8694(24)00132-0/sbref0010
http://refhub.elsevier.com/S1808-8694(24)00132-0/sbref0010
http://refhub.elsevier.com/S1808-8694(24)00132-0/sbref0010
http://refhub.elsevier.com/S1808-8694(24)00132-0/sbref0010
http://refhub.elsevier.com/S1808-8694(24)00132-0/sbref0010
http://refhub.elsevier.com/S1808-8694(24)00132-0/sbref0010
http://refhub.elsevier.com/S1808-8694(24)00132-0/sbref0010
http://refhub.elsevier.com/S1808-8694(24)00132-0/sbref0010
http://refhub.elsevier.com/S1808-8694(24)00132-0/sbref0010
http://refhub.elsevier.com/S1808-8694(24)00132-0/sbref0010
http://refhub.elsevier.com/S1808-8694(24)00132-0/sbref0010
http://refhub.elsevier.com/S1808-8694(24)00132-0/sbref0010
http://refhub.elsevier.com/S1808-8694(24)00132-0/sbref0010
http://refhub.elsevier.com/S1808-8694(24)00132-0/sbref0010
http://refhub.elsevier.com/S1808-8694(24)00132-0/sbref0010
http://refhub.elsevier.com/S1808-8694(24)00132-0/sbref0010
http://refhub.elsevier.com/S1808-8694(24)00132-0/sbref0010
http://refhub.elsevier.com/S1808-8694(24)00132-0/sbref0010
http://refhub.elsevier.com/S1808-8694(24)00132-0/sbref0015
http://refhub.elsevier.com/S1808-8694(24)00132-0/sbref0015
http://refhub.elsevier.com/S1808-8694(24)00132-0/sbref0015
http://refhub.elsevier.com/S1808-8694(24)00132-0/sbref0015
http://refhub.elsevier.com/S1808-8694(24)00132-0/sbref0015
http://refhub.elsevier.com/S1808-8694(24)00132-0/sbref0015
http://refhub.elsevier.com/S1808-8694(24)00132-0/sbref0015
http://refhub.elsevier.com/S1808-8694(24)00132-0/sbref0015
http://refhub.elsevier.com/S1808-8694(24)00132-0/sbref0015
http://refhub.elsevier.com/S1808-8694(24)00132-0/sbref0015
http://refhub.elsevier.com/S1808-8694(24)00132-0/sbref0015
http://refhub.elsevier.com/S1808-8694(24)00132-0/sbref0015
http://refhub.elsevier.com/S1808-8694(24)00132-0/sbref0015
http://refhub.elsevier.com/S1808-8694(24)00132-0/sbref0015
http://refhub.elsevier.com/S1808-8694(24)00132-0/sbref0015
http://refhub.elsevier.com/S1808-8694(24)00132-0/sbref0015
http://refhub.elsevier.com/S1808-8694(24)00132-0/sbref0015
http://refhub.elsevier.com/S1808-8694(24)00132-0/sbref0015
http://refhub.elsevier.com/S1808-8694(24)00132-0/sbref0015
http://refhub.elsevier.com/S1808-8694(24)00132-0/sbref0015
http://refhub.elsevier.com/S1808-8694(24)00132-0/sbref0015
http://refhub.elsevier.com/S1808-8694(24)00132-0/sbref0015
http://refhub.elsevier.com/S1808-8694(24)00132-0/sbref0015
http://refhub.elsevier.com/S1808-8694(24)00132-0/sbref0015
http://refhub.elsevier.com/S1808-8694(24)00132-0/sbref0015
http://refhub.elsevier.com/S1808-8694(24)00132-0/sbref0015
http://refhub.elsevier.com/S1808-8694(24)00132-0/sbref0015
http://refhub.elsevier.com/S1808-8694(24)00132-0/sbref0015
http://refhub.elsevier.com/S1808-8694(24)00132-0/sbref0015
http://refhub.elsevier.com/S1808-8694(24)00132-0/sbref0015
http://refhub.elsevier.com/S1808-8694(24)00132-0/sbref0015
http://refhub.elsevier.com/S1808-8694(24)00132-0/sbref0015
http://refhub.elsevier.com/S1808-8694(24)00132-0/sbref0015
http://refhub.elsevier.com/S1808-8694(24)00132-0/sbref0015
http://refhub.elsevier.com/S1808-8694(24)00132-0/sbref0020
http://refhub.elsevier.com/S1808-8694(24)00132-0/sbref0020
http://refhub.elsevier.com/S1808-8694(24)00132-0/sbref0020
http://refhub.elsevier.com/S1808-8694(24)00132-0/sbref0020
http://refhub.elsevier.com/S1808-8694(24)00132-0/sbref0020
http://refhub.elsevier.com/S1808-8694(24)00132-0/sbref0020
http://refhub.elsevier.com/S1808-8694(24)00132-0/sbref0020
http://refhub.elsevier.com/S1808-8694(24)00132-0/sbref0020
http://refhub.elsevier.com/S1808-8694(24)00132-0/sbref0020
http://refhub.elsevier.com/S1808-8694(24)00132-0/sbref0020
http://refhub.elsevier.com/S1808-8694(24)00132-0/sbref0020
http://refhub.elsevier.com/S1808-8694(24)00132-0/sbref0020
http://refhub.elsevier.com/S1808-8694(24)00132-0/sbref0020
http://refhub.elsevier.com/S1808-8694(24)00132-0/sbref0020
http://refhub.elsevier.com/S1808-8694(24)00132-0/sbref0020
http://refhub.elsevier.com/S1808-8694(24)00132-0/sbref0020
http://refhub.elsevier.com/S1808-8694(24)00132-0/sbref0020
http://refhub.elsevier.com/S1808-8694(24)00132-0/sbref0020
http://refhub.elsevier.com/S1808-8694(24)00132-0/sbref0020
http://refhub.elsevier.com/S1808-8694(24)00132-0/sbref0020
http://refhub.elsevier.com/S1808-8694(24)00132-0/sbref0020
http://refhub.elsevier.com/S1808-8694(24)00132-0/sbref0020
http://refhub.elsevier.com/S1808-8694(24)00132-0/sbref0020
http://refhub.elsevier.com/S1808-8694(24)00132-0/sbref0020
http://refhub.elsevier.com/S1808-8694(24)00132-0/sbref0020
http://refhub.elsevier.com/S1808-8694(24)00132-0/sbref0020
http://refhub.elsevier.com/S1808-8694(24)00132-0/sbref0020
http://refhub.elsevier.com/S1808-8694(24)00132-0/sbref0020
http://refhub.elsevier.com/S1808-8694(24)00132-0/sbref0020
http://refhub.elsevier.com/S1808-8694(24)00132-0/sbref0025
http://refhub.elsevier.com/S1808-8694(24)00132-0/sbref0025
http://refhub.elsevier.com/S1808-8694(24)00132-0/sbref0025
http://refhub.elsevier.com/S1808-8694(24)00132-0/sbref0025
http://refhub.elsevier.com/S1808-8694(24)00132-0/sbref0025
http://refhub.elsevier.com/S1808-8694(24)00132-0/sbref0025
http://refhub.elsevier.com/S1808-8694(24)00132-0/sbref0025
http://refhub.elsevier.com/S1808-8694(24)00132-0/sbref0025
http://refhub.elsevier.com/S1808-8694(24)00132-0/sbref0025
http://refhub.elsevier.com/S1808-8694(24)00132-0/sbref0025
http://refhub.elsevier.com/S1808-8694(24)00132-0/sbref0025
http://refhub.elsevier.com/S1808-8694(24)00132-0/sbref0025
http://refhub.elsevier.com/S1808-8694(24)00132-0/sbref0025
http://refhub.elsevier.com/S1808-8694(24)00132-0/sbref0025
http://refhub.elsevier.com/S1808-8694(24)00132-0/sbref0025
http://refhub.elsevier.com/S1808-8694(24)00132-0/sbref0025
http://refhub.elsevier.com/S1808-8694(24)00132-0/sbref0025
http://refhub.elsevier.com/S1808-8694(24)00132-0/sbref0025
http://refhub.elsevier.com/S1808-8694(24)00132-0/sbref0025
http://refhub.elsevier.com/S1808-8694(24)00132-0/sbref0025
http://refhub.elsevier.com/S1808-8694(24)00132-0/sbref0025
http://refhub.elsevier.com/S1808-8694(24)00132-0/sbref0025
http://refhub.elsevier.com/S1808-8694(24)00132-0/sbref0025
http://refhub.elsevier.com/S1808-8694(24)00132-0/sbref0025
http://refhub.elsevier.com/S1808-8694(24)00132-0/sbref0025
http://refhub.elsevier.com/S1808-8694(24)00132-0/sbref0025
http://refhub.elsevier.com/S1808-8694(24)00132-0/sbref0025
http://refhub.elsevier.com/S1808-8694(24)00132-0/sbref0025
http://refhub.elsevier.com/S1808-8694(24)00132-0/sbref0025
http://refhub.elsevier.com/S1808-8694(24)00132-0/sbref0025
http://refhub.elsevier.com/S1808-8694(24)00132-0/sbref0025
http://refhub.elsevier.com/S1808-8694(24)00132-0/sbref0025
http://refhub.elsevier.com/S1808-8694(24)00132-0/sbref0025
http://refhub.elsevier.com/S1808-8694(24)00132-0/sbref0025
http://refhub.elsevier.com/S1808-8694(24)00132-0/sbref0030
http://refhub.elsevier.com/S1808-8694(24)00132-0/sbref0030
http://refhub.elsevier.com/S1808-8694(24)00132-0/sbref0030
http://refhub.elsevier.com/S1808-8694(24)00132-0/sbref0030
http://refhub.elsevier.com/S1808-8694(24)00132-0/sbref0030
http://refhub.elsevier.com/S1808-8694(24)00132-0/sbref0030
http://refhub.elsevier.com/S1808-8694(24)00132-0/sbref0030
http://refhub.elsevier.com/S1808-8694(24)00132-0/sbref0030
http://refhub.elsevier.com/S1808-8694(24)00132-0/sbref0030
http://refhub.elsevier.com/S1808-8694(24)00132-0/sbref0030
http://refhub.elsevier.com/S1808-8694(24)00132-0/sbref0030
http://refhub.elsevier.com/S1808-8694(24)00132-0/sbref0030
http://refhub.elsevier.com/S1808-8694(24)00132-0/sbref0030
http://refhub.elsevier.com/S1808-8694(24)00132-0/sbref0030
http://refhub.elsevier.com/S1808-8694(24)00132-0/sbref0030
http://refhub.elsevier.com/S1808-8694(24)00132-0/sbref0030
http://refhub.elsevier.com/S1808-8694(24)00132-0/sbref0030
http://refhub.elsevier.com/S1808-8694(24)00132-0/sbref0030
http://refhub.elsevier.com/S1808-8694(24)00132-0/sbref0030
http://refhub.elsevier.com/S1808-8694(24)00132-0/sbref0030
http://refhub.elsevier.com/S1808-8694(24)00132-0/sbref0030
http://refhub.elsevier.com/S1808-8694(24)00132-0/sbref0030
http://refhub.elsevier.com/S1808-8694(24)00132-0/sbref0030
http://refhub.elsevier.com/S1808-8694(24)00132-0/sbref0030
http://refhub.elsevier.com/S1808-8694(24)00132-0/sbref0030
http://refhub.elsevier.com/S1808-8694(24)00132-0/sbref0030
http://refhub.elsevier.com/S1808-8694(24)00132-0/sbref0030
http://refhub.elsevier.com/S1808-8694(24)00132-0/sbref0030
http://refhub.elsevier.com/S1808-8694(24)00132-0/sbref0030
http://refhub.elsevier.com/S1808-8694(24)00132-0/sbref0030
http://refhub.elsevier.com/S1808-8694(24)00132-0/sbref0030
http://refhub.elsevier.com/S1808-8694(24)00132-0/sbref0030
http://refhub.elsevier.com/S1808-8694(24)00132-0/sbref0030
http://refhub.elsevier.com/S1808-8694(24)00132-0/sbref0030
http://refhub.elsevier.com/S1808-8694(24)00132-0/sbref0030
http://refhub.elsevier.com/S1808-8694(24)00132-0/sbref0030
http://refhub.elsevier.com/S1808-8694(24)00132-0/sbref0030
http://refhub.elsevier.com/S1808-8694(24)00132-0/sbref0030
http://refhub.elsevier.com/S1808-8694(24)00132-0/sbref0030
http://refhub.elsevier.com/S1808-8694(24)00132-0/sbref0030
http://refhub.elsevier.com/S1808-8694(24)00132-0/sbref0030
http://refhub.elsevier.com/S1808-8694(24)00132-0/sbref0030
http://refhub.elsevier.com/S1808-8694(24)00132-0/sbref0030
http://refhub.elsevier.com/S1808-8694(24)00132-0/sbref0035
http://refhub.elsevier.com/S1808-8694(24)00132-0/sbref0035
http://refhub.elsevier.com/S1808-8694(24)00132-0/sbref0035
http://refhub.elsevier.com/S1808-8694(24)00132-0/sbref0035
http://refhub.elsevier.com/S1808-8694(24)00132-0/sbref0035
http://refhub.elsevier.com/S1808-8694(24)00132-0/sbref0035
http://refhub.elsevier.com/S1808-8694(24)00132-0/sbref0035
http://refhub.elsevier.com/S1808-8694(24)00132-0/sbref0035
http://refhub.elsevier.com/S1808-8694(24)00132-0/sbref0035
http://refhub.elsevier.com/S1808-8694(24)00132-0/sbref0035
http://refhub.elsevier.com/S1808-8694(24)00132-0/sbref0035
http://refhub.elsevier.com/S1808-8694(24)00132-0/sbref0035
http://refhub.elsevier.com/S1808-8694(24)00132-0/sbref0035
http://refhub.elsevier.com/S1808-8694(24)00132-0/sbref0035
http://refhub.elsevier.com/S1808-8694(24)00132-0/sbref0035
http://refhub.elsevier.com/S1808-8694(24)00132-0/sbref0035
http://refhub.elsevier.com/S1808-8694(24)00132-0/sbref0035
http://refhub.elsevier.com/S1808-8694(24)00132-0/sbref0035
http://refhub.elsevier.com/S1808-8694(24)00132-0/sbref0035
http://refhub.elsevier.com/S1808-8694(24)00132-0/sbref0035
http://refhub.elsevier.com/S1808-8694(24)00132-0/sbref0035
http://refhub.elsevier.com/S1808-8694(24)00132-0/sbref0035
http://refhub.elsevier.com/S1808-8694(24)00132-0/sbref0035
http://refhub.elsevier.com/S1808-8694(24)00132-0/sbref0035
http://refhub.elsevier.com/S1808-8694(24)00132-0/sbref0035
http://refhub.elsevier.com/S1808-8694(24)00132-0/sbref0035
http://refhub.elsevier.com/S1808-8694(24)00132-0/sbref0035
http://refhub.elsevier.com/S1808-8694(24)00132-0/sbref0035
http://refhub.elsevier.com/S1808-8694(24)00132-0/sbref0035
http://refhub.elsevier.com/S1808-8694(24)00132-0/sbref0035
http://refhub.elsevier.com/S1808-8694(24)00132-0/sbref0035
http://refhub.elsevier.com/S1808-8694(24)00132-0/sbref0035
http://refhub.elsevier.com/S1808-8694(24)00132-0/sbref0035
http://refhub.elsevier.com/S1808-8694(24)00132-0/sbref0035
http://refhub.elsevier.com/S1808-8694(24)00132-0/sbref0035
http://refhub.elsevier.com/S1808-8694(24)00132-0/sbref0035
http://refhub.elsevier.com/S1808-8694(24)00132-0/sbref0035
http://refhub.elsevier.com/S1808-8694(24)00132-0/sbref0035
http://refhub.elsevier.com/S1808-8694(24)00132-0/sbref0035
http://refhub.elsevier.com/S1808-8694(24)00132-0/sbref0035
http://refhub.elsevier.com/S1808-8694(24)00132-0/sbref0035
http://refhub.elsevier.com/S1808-8694(24)00132-0/sbref0035
http://refhub.elsevier.com/S1808-8694(24)00132-0/sbref0035
http://refhub.elsevier.com/S1808-8694(24)00132-0/sbref0035
http://refhub.elsevier.com/S1808-8694(24)00132-0/sbref0040
http://refhub.elsevier.com/S1808-8694(24)00132-0/sbref0040
http://refhub.elsevier.com/S1808-8694(24)00132-0/sbref0040
http://refhub.elsevier.com/S1808-8694(24)00132-0/sbref0040
http://refhub.elsevier.com/S1808-8694(24)00132-0/sbref0040
http://refhub.elsevier.com/S1808-8694(24)00132-0/sbref0040
http://refhub.elsevier.com/S1808-8694(24)00132-0/sbref0040
http://refhub.elsevier.com/S1808-8694(24)00132-0/sbref0040
http://refhub.elsevier.com/S1808-8694(24)00132-0/sbref0040
http://refhub.elsevier.com/S1808-8694(24)00132-0/sbref0040
http://refhub.elsevier.com/S1808-8694(24)00132-0/sbref0040
http://refhub.elsevier.com/S1808-8694(24)00132-0/sbref0040
http://refhub.elsevier.com/S1808-8694(24)00132-0/sbref0040
http://refhub.elsevier.com/S1808-8694(24)00132-0/sbref0040
http://refhub.elsevier.com/S1808-8694(24)00132-0/sbref0040
http://refhub.elsevier.com/S1808-8694(24)00132-0/sbref0040
http://refhub.elsevier.com/S1808-8694(24)00132-0/sbref0040
http://refhub.elsevier.com/S1808-8694(24)00132-0/sbref0040
http://refhub.elsevier.com/S1808-8694(24)00132-0/sbref0040
http://refhub.elsevier.com/S1808-8694(24)00132-0/sbref0040
http://refhub.elsevier.com/S1808-8694(24)00132-0/sbref0040
http://refhub.elsevier.com/S1808-8694(24)00132-0/sbref0040
http://refhub.elsevier.com/S1808-8694(24)00132-0/sbref0040
http://refhub.elsevier.com/S1808-8694(24)00132-0/sbref0040
http://refhub.elsevier.com/S1808-8694(24)00132-0/sbref0040
http://refhub.elsevier.com/S1808-8694(24)00132-0/sbref0040
http://refhub.elsevier.com/S1808-8694(24)00132-0/sbref0040
http://refhub.elsevier.com/S1808-8694(24)00132-0/sbref0040
http://refhub.elsevier.com/S1808-8694(24)00132-0/sbref0040
http://refhub.elsevier.com/S1808-8694(24)00132-0/sbref0040
http://refhub.elsevier.com/S1808-8694(24)00132-0/sbref0040
http://refhub.elsevier.com/S1808-8694(24)00132-0/sbref0040
http://refhub.elsevier.com/S1808-8694(24)00132-0/sbref0040
http://refhub.elsevier.com/S1808-8694(24)00132-0/sbref0040
http://refhub.elsevier.com/S1808-8694(24)00132-0/sbref0040
http://refhub.elsevier.com/S1808-8694(24)00132-0/sbref0040
http://refhub.elsevier.com/S1808-8694(24)00132-0/sbref0040
http://refhub.elsevier.com/S1808-8694(24)00132-0/sbref0040
http://refhub.elsevier.com/S1808-8694(24)00132-0/sbref0040
http://refhub.elsevier.com/S1808-8694(24)00132-0/sbref0040
http://refhub.elsevier.com/S1808-8694(24)00132-0/sbref0040
http://refhub.elsevier.com/S1808-8694(24)00132-0/sbref0040
http://refhub.elsevier.com/S1808-8694(24)00132-0/sbref0045
http://refhub.elsevier.com/S1808-8694(24)00132-0/sbref0045
http://refhub.elsevier.com/S1808-8694(24)00132-0/sbref0045
http://refhub.elsevier.com/S1808-8694(24)00132-0/sbref0045
http://refhub.elsevier.com/S1808-8694(24)00132-0/sbref0045
http://refhub.elsevier.com/S1808-8694(24)00132-0/sbref0045
http://refhub.elsevier.com/S1808-8694(24)00132-0/sbref0045
http://refhub.elsevier.com/S1808-8694(24)00132-0/sbref0045
http://refhub.elsevier.com/S1808-8694(24)00132-0/sbref0045
http://refhub.elsevier.com/S1808-8694(24)00132-0/sbref0045
http://refhub.elsevier.com/S1808-8694(24)00132-0/sbref0045
http://refhub.elsevier.com/S1808-8694(24)00132-0/sbref0045
http://refhub.elsevier.com/S1808-8694(24)00132-0/sbref0045
http://refhub.elsevier.com/S1808-8694(24)00132-0/sbref0045
http://refhub.elsevier.com/S1808-8694(24)00132-0/sbref0045
http://refhub.elsevier.com/S1808-8694(24)00132-0/sbref0045
http://refhub.elsevier.com/S1808-8694(24)00132-0/sbref0045
http://refhub.elsevier.com/S1808-8694(24)00132-0/sbref0045
http://refhub.elsevier.com/S1808-8694(24)00132-0/sbref0045
http://refhub.elsevier.com/S1808-8694(24)00132-0/sbref0045
http://refhub.elsevier.com/S1808-8694(24)00132-0/sbref0045
http://refhub.elsevier.com/S1808-8694(24)00132-0/sbref0045
http://refhub.elsevier.com/S1808-8694(24)00132-0/sbref0050
http://refhub.elsevier.com/S1808-8694(24)00132-0/sbref0050
http://refhub.elsevier.com/S1808-8694(24)00132-0/sbref0050
http://refhub.elsevier.com/S1808-8694(24)00132-0/sbref0050
http://refhub.elsevier.com/S1808-8694(24)00132-0/sbref0050
http://refhub.elsevier.com/S1808-8694(24)00132-0/sbref0050
http://refhub.elsevier.com/S1808-8694(24)00132-0/sbref0050
http://refhub.elsevier.com/S1808-8694(24)00132-0/sbref0050
http://refhub.elsevier.com/S1808-8694(24)00132-0/sbref0050
http://refhub.elsevier.com/S1808-8694(24)00132-0/sbref0050
http://refhub.elsevier.com/S1808-8694(24)00132-0/sbref0050
http://refhub.elsevier.com/S1808-8694(24)00132-0/sbref0050
http://refhub.elsevier.com/S1808-8694(24)00132-0/sbref0050
http://refhub.elsevier.com/S1808-8694(24)00132-0/sbref0050
http://refhub.elsevier.com/S1808-8694(24)00132-0/sbref0050
http://refhub.elsevier.com/S1808-8694(24)00132-0/sbref0050
http://refhub.elsevier.com/S1808-8694(24)00132-0/sbref0050
http://refhub.elsevier.com/S1808-8694(24)00132-0/sbref0050
http://refhub.elsevier.com/S1808-8694(24)00132-0/sbref0050
http://refhub.elsevier.com/S1808-8694(24)00132-0/sbref0050
http://refhub.elsevier.com/S1808-8694(24)00132-0/sbref0050
http://refhub.elsevier.com/S1808-8694(24)00132-0/sbref0050
http://refhub.elsevier.com/S1808-8694(24)00132-0/sbref0050
http://refhub.elsevier.com/S1808-8694(24)00132-0/sbref0050
http://refhub.elsevier.com/S1808-8694(24)00132-0/sbref0050
http://refhub.elsevier.com/S1808-8694(24)00132-0/sbref0050
http://refhub.elsevier.com/S1808-8694(24)00132-0/sbref0050
http://refhub.elsevier.com/S1808-8694(24)00132-0/sbref0050
http://refhub.elsevier.com/S1808-8694(24)00132-0/sbref0050
http://refhub.elsevier.com/S1808-8694(24)00132-0/sbref0050
http://refhub.elsevier.com/S1808-8694(24)00132-0/sbref0050
http://refhub.elsevier.com/S1808-8694(24)00132-0/sbref0050
http://refhub.elsevier.com/S1808-8694(24)00132-0/sbref0050
http://refhub.elsevier.com/S1808-8694(24)00132-0/sbref0050
http://refhub.elsevier.com/S1808-8694(24)00132-0/sbref0050
http://refhub.elsevier.com/S1808-8694(24)00132-0/sbref0050
http://refhub.elsevier.com/S1808-8694(24)00132-0/sbref0050
http://refhub.elsevier.com/S1808-8694(24)00132-0/sbref0050
http://refhub.elsevier.com/S1808-8694(24)00132-0/sbref0050
http://refhub.elsevier.com/S1808-8694(24)00132-0/sbref0050
http://refhub.elsevier.com/S1808-8694(24)00132-0/sbref0050
http://refhub.elsevier.com/S1808-8694(24)00132-0/sbref0050
http://refhub.elsevier.com/S1808-8694(24)00132-0/sbref0050
http://refhub.elsevier.com/S1808-8694(24)00132-0/sbref0050
http://refhub.elsevier.com/S1808-8694(24)00132-0/sbref0050
http://refhub.elsevier.com/S1808-8694(24)00132-0/sbref0050
http://refhub.elsevier.com/S1808-8694(24)00132-0/sbref0050
http://refhub.elsevier.com/S1808-8694(24)00132-0/sbref0050
http://refhub.elsevier.com/S1808-8694(24)00132-0/sbref0050
http://refhub.elsevier.com/S1808-8694(24)00132-0/sbref0050
http://refhub.elsevier.com/S1808-8694(24)00132-0/sbref0050
http://refhub.elsevier.com/S1808-8694(24)00132-0/sbref0050
http://refhub.elsevier.com/S1808-8694(24)00132-0/sbref0050
http://refhub.elsevier.com/S1808-8694(24)00132-0/sbref0050
http://refhub.elsevier.com/S1808-8694(24)00132-0/sbref0050
http://refhub.elsevier.com/S1808-8694(24)00132-0/sbref0050
http://refhub.elsevier.com/S1808-8694(24)00132-0/sbref0050
http://refhub.elsevier.com/S1808-8694(24)00132-0/sbref0050
http://refhub.elsevier.com/S1808-8694(24)00132-0/sbref0055
http://refhub.elsevier.com/S1808-8694(24)00132-0/sbref0055
http://refhub.elsevier.com/S1808-8694(24)00132-0/sbref0055
http://refhub.elsevier.com/S1808-8694(24)00132-0/sbref0055
http://refhub.elsevier.com/S1808-8694(24)00132-0/sbref0055
http://refhub.elsevier.com/S1808-8694(24)00132-0/sbref0055
http://refhub.elsevier.com/S1808-8694(24)00132-0/sbref0055
http://refhub.elsevier.com/S1808-8694(24)00132-0/sbref0055
http://refhub.elsevier.com/S1808-8694(24)00132-0/sbref0055
http://refhub.elsevier.com/S1808-8694(24)00132-0/sbref0055
http://refhub.elsevier.com/S1808-8694(24)00132-0/sbref0055
http://refhub.elsevier.com/S1808-8694(24)00132-0/sbref0055
http://refhub.elsevier.com/S1808-8694(24)00132-0/sbref0055
http://refhub.elsevier.com/S1808-8694(24)00132-0/sbref0055
http://refhub.elsevier.com/S1808-8694(24)00132-0/sbref0055
http://refhub.elsevier.com/S1808-8694(24)00132-0/sbref0055
http://refhub.elsevier.com/S1808-8694(24)00132-0/sbref0055
http://refhub.elsevier.com/S1808-8694(24)00132-0/sbref0055
http://refhub.elsevier.com/S1808-8694(24)00132-0/sbref0055
http://refhub.elsevier.com/S1808-8694(24)00132-0/sbref0055
http://refhub.elsevier.com/S1808-8694(24)00132-0/sbref0055
http://refhub.elsevier.com/S1808-8694(24)00132-0/sbref0055
http://refhub.elsevier.com/S1808-8694(24)00132-0/sbref0055
http://refhub.elsevier.com/S1808-8694(24)00132-0/sbref0055
http://refhub.elsevier.com/S1808-8694(24)00132-0/sbref0055
http://refhub.elsevier.com/S1808-8694(24)00132-0/sbref0055
http://refhub.elsevier.com/S1808-8694(24)00132-0/sbref0055
http://refhub.elsevier.com/S1808-8694(24)00132-0/sbref0055
http://refhub.elsevier.com/S1808-8694(24)00132-0/sbref0060
http://refhub.elsevier.com/S1808-8694(24)00132-0/sbref0060
http://refhub.elsevier.com/S1808-8694(24)00132-0/sbref0060
http://refhub.elsevier.com/S1808-8694(24)00132-0/sbref0060
http://refhub.elsevier.com/S1808-8694(24)00132-0/sbref0060
http://refhub.elsevier.com/S1808-8694(24)00132-0/sbref0060
http://refhub.elsevier.com/S1808-8694(24)00132-0/sbref0060
http://refhub.elsevier.com/S1808-8694(24)00132-0/sbref0060
http://refhub.elsevier.com/S1808-8694(24)00132-0/sbref0060
http://refhub.elsevier.com/S1808-8694(24)00132-0/sbref0060
http://refhub.elsevier.com/S1808-8694(24)00132-0/sbref0060
http://refhub.elsevier.com/S1808-8694(24)00132-0/sbref0060
http://refhub.elsevier.com/S1808-8694(24)00132-0/sbref0060
http://refhub.elsevier.com/S1808-8694(24)00132-0/sbref0060
http://refhub.elsevier.com/S1808-8694(24)00132-0/sbref0060
http://refhub.elsevier.com/S1808-8694(24)00132-0/sbref0060
http://refhub.elsevier.com/S1808-8694(24)00132-0/sbref0060
http://refhub.elsevier.com/S1808-8694(24)00132-0/sbref0060
http://refhub.elsevier.com/S1808-8694(24)00132-0/sbref0060
http://refhub.elsevier.com/S1808-8694(24)00132-0/sbref0060
http://refhub.elsevier.com/S1808-8694(24)00132-0/sbref0060
http://refhub.elsevier.com/S1808-8694(24)00132-0/sbref0060
http://refhub.elsevier.com/S1808-8694(24)00132-0/sbref0060
http://refhub.elsevier.com/S1808-8694(24)00132-0/sbref0060
http://refhub.elsevier.com/S1808-8694(24)00132-0/sbref0065
http://refhub.elsevier.com/S1808-8694(24)00132-0/sbref0065
http://refhub.elsevier.com/S1808-8694(24)00132-0/sbref0065
http://refhub.elsevier.com/S1808-8694(24)00132-0/sbref0065
http://refhub.elsevier.com/S1808-8694(24)00132-0/sbref0065
http://refhub.elsevier.com/S1808-8694(24)00132-0/sbref0065
http://refhub.elsevier.com/S1808-8694(24)00132-0/sbref0065
http://refhub.elsevier.com/S1808-8694(24)00132-0/sbref0065
http://refhub.elsevier.com/S1808-8694(24)00132-0/sbref0065
http://refhub.elsevier.com/S1808-8694(24)00132-0/sbref0065
http://refhub.elsevier.com/S1808-8694(24)00132-0/sbref0065
http://refhub.elsevier.com/S1808-8694(24)00132-0/sbref0065
http://refhub.elsevier.com/S1808-8694(24)00132-0/sbref0065
http://refhub.elsevier.com/S1808-8694(24)00132-0/sbref0065
http://refhub.elsevier.com/S1808-8694(24)00132-0/sbref0065
http://refhub.elsevier.com/S1808-8694(24)00132-0/sbref0065
http://refhub.elsevier.com/S1808-8694(24)00132-0/sbref0065
http://refhub.elsevier.com/S1808-8694(24)00132-0/sbref0065
http://refhub.elsevier.com/S1808-8694(24)00132-0/sbref0065
http://refhub.elsevier.com/S1808-8694(24)00132-0/sbref0065
http://refhub.elsevier.com/S1808-8694(24)00132-0/sbref0065
http://refhub.elsevier.com/S1808-8694(24)00132-0/sbref0065
http://refhub.elsevier.com/S1808-8694(24)00132-0/sbref0065
http://refhub.elsevier.com/S1808-8694(24)00132-0/sbref0065
http://refhub.elsevier.com/S1808-8694(24)00132-0/sbref0065
http://refhub.elsevier.com/S1808-8694(24)00132-0/sbref0065
http://refhub.elsevier.com/S1808-8694(24)00132-0/sbref0065
http://refhub.elsevier.com/S1808-8694(24)00132-0/sbref0065
http://refhub.elsevier.com/S1808-8694(24)00132-0/sbref0065
http://refhub.elsevier.com/S1808-8694(24)00132-0/sbref0065
http://refhub.elsevier.com/S1808-8694(24)00132-0/sbref0065
http://refhub.elsevier.com/S1808-8694(24)00132-0/sbref0065
http://refhub.elsevier.com/S1808-8694(24)00132-0/sbref0065
http://refhub.elsevier.com/S1808-8694(24)00132-0/sbref0065
http://refhub.elsevier.com/S1808-8694(24)00132-0/sbref0065
http://refhub.elsevier.com/S1808-8694(24)00132-0/sbref0065
http://refhub.elsevier.com/S1808-8694(24)00132-0/sbref0065
http://refhub.elsevier.com/S1808-8694(24)00132-0/sbref0070
http://refhub.elsevier.com/S1808-8694(24)00132-0/sbref0070
http://refhub.elsevier.com/S1808-8694(24)00132-0/sbref0070
http://refhub.elsevier.com/S1808-8694(24)00132-0/sbref0070
http://refhub.elsevier.com/S1808-8694(24)00132-0/sbref0070
http://refhub.elsevier.com/S1808-8694(24)00132-0/sbref0070
http://refhub.elsevier.com/S1808-8694(24)00132-0/sbref0070
http://refhub.elsevier.com/S1808-8694(24)00132-0/sbref0070
http://refhub.elsevier.com/S1808-8694(24)00132-0/sbref0070
http://refhub.elsevier.com/S1808-8694(24)00132-0/sbref0070
http://refhub.elsevier.com/S1808-8694(24)00132-0/sbref0070
http://refhub.elsevier.com/S1808-8694(24)00132-0/sbref0070
http://refhub.elsevier.com/S1808-8694(24)00132-0/sbref0070
http://refhub.elsevier.com/S1808-8694(24)00132-0/sbref0070
http://refhub.elsevier.com/S1808-8694(24)00132-0/sbref0070
http://refhub.elsevier.com/S1808-8694(24)00132-0/sbref0070
http://refhub.elsevier.com/S1808-8694(24)00132-0/sbref0070
http://refhub.elsevier.com/S1808-8694(24)00132-0/sbref0070
http://refhub.elsevier.com/S1808-8694(24)00132-0/sbref0070
http://refhub.elsevier.com/S1808-8694(24)00132-0/sbref0070
http://refhub.elsevier.com/S1808-8694(24)00132-0/sbref0070
http://refhub.elsevier.com/S1808-8694(24)00132-0/sbref0070
http://refhub.elsevier.com/S1808-8694(24)00132-0/sbref0070
http://refhub.elsevier.com/S1808-8694(24)00132-0/sbref0070
http://refhub.elsevier.com/S1808-8694(24)00132-0/sbref0070
http://refhub.elsevier.com/S1808-8694(24)00132-0/sbref0075
http://refhub.elsevier.com/S1808-8694(24)00132-0/sbref0075
http://refhub.elsevier.com/S1808-8694(24)00132-0/sbref0075
http://refhub.elsevier.com/S1808-8694(24)00132-0/sbref0075
http://refhub.elsevier.com/S1808-8694(24)00132-0/sbref0075
http://refhub.elsevier.com/S1808-8694(24)00132-0/sbref0075
http://refhub.elsevier.com/S1808-8694(24)00132-0/sbref0075
http://refhub.elsevier.com/S1808-8694(24)00132-0/sbref0075
http://refhub.elsevier.com/S1808-8694(24)00132-0/sbref0075
http://refhub.elsevier.com/S1808-8694(24)00132-0/sbref0075
http://refhub.elsevier.com/S1808-8694(24)00132-0/sbref0075
http://refhub.elsevier.com/S1808-8694(24)00132-0/sbref0075
http://refhub.elsevier.com/S1808-8694(24)00132-0/sbref0075
http://refhub.elsevier.com/S1808-8694(24)00132-0/sbref0075
http://refhub.elsevier.com/S1808-8694(24)00132-0/sbref0075
http://refhub.elsevier.com/S1808-8694(24)00132-0/sbref0075
http://refhub.elsevier.com/S1808-8694(24)00132-0/sbref0075
http://refhub.elsevier.com/S1808-8694(24)00132-0/sbref0075
http://refhub.elsevier.com/S1808-8694(24)00132-0/sbref0075
http://refhub.elsevier.com/S1808-8694(24)00132-0/sbref0075
http://refhub.elsevier.com/S1808-8694(24)00132-0/sbref0075
http://refhub.elsevier.com/S1808-8694(24)00132-0/sbref0075
http://refhub.elsevier.com/S1808-8694(24)00132-0/sbref0075
http://refhub.elsevier.com/S1808-8694(24)00132-0/sbref0075
http://refhub.elsevier.com/S1808-8694(24)00132-0/sbref0075
http://refhub.elsevier.com/S1808-8694(24)00132-0/sbref0075
http://refhub.elsevier.com/S1808-8694(24)00132-0/sbref0075
http://refhub.elsevier.com/S1808-8694(24)00132-0/sbref0075
http://refhub.elsevier.com/S1808-8694(24)00132-0/sbref0075
http://refhub.elsevier.com/S1808-8694(24)00132-0/sbref0075
http://refhub.elsevier.com/S1808-8694(24)00132-0/sbref0075
http://refhub.elsevier.com/S1808-8694(24)00132-0/sbref0075
http://refhub.elsevier.com/S1808-8694(24)00132-0/sbref0075
http://refhub.elsevier.com/S1808-8694(24)00132-0/sbref0080
http://refhub.elsevier.com/S1808-8694(24)00132-0/sbref0080
http://refhub.elsevier.com/S1808-8694(24)00132-0/sbref0080
http://refhub.elsevier.com/S1808-8694(24)00132-0/sbref0080
http://refhub.elsevier.com/S1808-8694(24)00132-0/sbref0080
http://refhub.elsevier.com/S1808-8694(24)00132-0/sbref0080
http://refhub.elsevier.com/S1808-8694(24)00132-0/sbref0080
http://refhub.elsevier.com/S1808-8694(24)00132-0/sbref0080
http://refhub.elsevier.com/S1808-8694(24)00132-0/sbref0080
http://refhub.elsevier.com/S1808-8694(24)00132-0/sbref0080
http://refhub.elsevier.com/S1808-8694(24)00132-0/sbref0080
http://refhub.elsevier.com/S1808-8694(24)00132-0/sbref0080
http://refhub.elsevier.com/S1808-8694(24)00132-0/sbref0080
http://refhub.elsevier.com/S1808-8694(24)00132-0/sbref0080
http://refhub.elsevier.com/S1808-8694(24)00132-0/sbref0080
http://refhub.elsevier.com/S1808-8694(24)00132-0/sbref0080
http://refhub.elsevier.com/S1808-8694(24)00132-0/sbref0080
http://refhub.elsevier.com/S1808-8694(24)00132-0/sbref0080
http://refhub.elsevier.com/S1808-8694(24)00132-0/sbref0080
http://refhub.elsevier.com/S1808-8694(24)00132-0/sbref0080
http://refhub.elsevier.com/S1808-8694(24)00132-0/sbref0080
http://refhub.elsevier.com/S1808-8694(24)00132-0/sbref0080
http://refhub.elsevier.com/S1808-8694(24)00132-0/sbref0080
http://refhub.elsevier.com/S1808-8694(24)00132-0/sbref0080
http://refhub.elsevier.com/S1808-8694(24)00132-0/sbref0080
http://refhub.elsevier.com/S1808-8694(24)00132-0/sbref0080
http://refhub.elsevier.com/S1808-8694(24)00132-0/sbref0080
http://refhub.elsevier.com/S1808-8694(24)00132-0/sbref0080
http://refhub.elsevier.com/S1808-8694(24)00132-0/sbref0080
http://refhub.elsevier.com/S1808-8694(24)00132-0/sbref0080
http://refhub.elsevier.com/S1808-8694(24)00132-0/sbref0080
http://refhub.elsevier.com/S1808-8694(24)00132-0/sbref0080
http://refhub.elsevier.com/S1808-8694(24)00132-0/sbref0080
http://refhub.elsevier.com/S1808-8694(24)00132-0/sbref0080
http://refhub.elsevier.com/S1808-8694(24)00132-0/sbref0080
http://refhub.elsevier.com/S1808-8694(24)00132-0/sbref0080
http://refhub.elsevier.com/S1808-8694(24)00132-0/sbref0080
http://refhub.elsevier.com/S1808-8694(24)00132-0/sbref0080
http://refhub.elsevier.com/S1808-8694(24)00132-0/sbref0080
http://refhub.elsevier.com/S1808-8694(24)00132-0/sbref0085
http://refhub.elsevier.com/S1808-8694(24)00132-0/sbref0085
http://refhub.elsevier.com/S1808-8694(24)00132-0/sbref0085
http://refhub.elsevier.com/S1808-8694(24)00132-0/sbref0085
http://refhub.elsevier.com/S1808-8694(24)00132-0/sbref0085
http://refhub.elsevier.com/S1808-8694(24)00132-0/sbref0085
http://refhub.elsevier.com/S1808-8694(24)00132-0/sbref0085
http://refhub.elsevier.com/S1808-8694(24)00132-0/sbref0085
http://refhub.elsevier.com/S1808-8694(24)00132-0/sbref0085
http://refhub.elsevier.com/S1808-8694(24)00132-0/sbref0085
http://refhub.elsevier.com/S1808-8694(24)00132-0/sbref0085
http://refhub.elsevier.com/S1808-8694(24)00132-0/sbref0085
http://refhub.elsevier.com/S1808-8694(24)00132-0/sbref0085
http://refhub.elsevier.com/S1808-8694(24)00132-0/sbref0085
http://refhub.elsevier.com/S1808-8694(24)00132-0/sbref0085
http://refhub.elsevier.com/S1808-8694(24)00132-0/sbref0085
http://refhub.elsevier.com/S1808-8694(24)00132-0/sbref0085
http://refhub.elsevier.com/S1808-8694(24)00132-0/sbref0085
http://refhub.elsevier.com/S1808-8694(24)00132-0/sbref0085
http://refhub.elsevier.com/S1808-8694(24)00132-0/sbref0085
http://refhub.elsevier.com/S1808-8694(24)00132-0/sbref0085
http://refhub.elsevier.com/S1808-8694(24)00132-0/sbref0085
http://refhub.elsevier.com/S1808-8694(24)00132-0/sbref0085
http://refhub.elsevier.com/S1808-8694(24)00132-0/sbref0085
http://refhub.elsevier.com/S1808-8694(24)00132-0/sbref0085
http://refhub.elsevier.com/S1808-8694(24)00132-0/sbref0085
http://refhub.elsevier.com/S1808-8694(24)00132-0/sbref0085
http://refhub.elsevier.com/S1808-8694(24)00132-0/sbref0085
http://refhub.elsevier.com/S1808-8694(24)00132-0/sbref0085
http://refhub.elsevier.com/S1808-8694(24)00132-0/sbref0085
http://refhub.elsevier.com/S1808-8694(24)00132-0/sbref0085
http://refhub.elsevier.com/S1808-8694(24)00132-0/sbref0085
http://refhub.elsevier.com/S1808-8694(24)00132-0/sbref0085
http://refhub.elsevier.com/S1808-8694(24)00132-0/sbref0085
http://refhub.elsevier.com/S1808-8694(24)00132-0/sbref0085
http://refhub.elsevier.com/S1808-8694(24)00132-0/sbref0085
http://refhub.elsevier.com/S1808-8694(24)00132-0/sbref0085
http://refhub.elsevier.com/S1808-8694(24)00132-0/sbref0090
http://refhub.elsevier.com/S1808-8694(24)00132-0/sbref0090
http://refhub.elsevier.com/S1808-8694(24)00132-0/sbref0090
http://refhub.elsevier.com/S1808-8694(24)00132-0/sbref0090
http://refhub.elsevier.com/S1808-8694(24)00132-0/sbref0090
http://refhub.elsevier.com/S1808-8694(24)00132-0/sbref0090
http://refhub.elsevier.com/S1808-8694(24)00132-0/sbref0090
http://refhub.elsevier.com/S1808-8694(24)00132-0/sbref0090
http://refhub.elsevier.com/S1808-8694(24)00132-0/sbref0090
http://refhub.elsevier.com/S1808-8694(24)00132-0/sbref0090
http://refhub.elsevier.com/S1808-8694(24)00132-0/sbref0090
http://refhub.elsevier.com/S1808-8694(24)00132-0/sbref0090
http://refhub.elsevier.com/S1808-8694(24)00132-0/sbref0090
http://refhub.elsevier.com/S1808-8694(24)00132-0/sbref0090
http://refhub.elsevier.com/S1808-8694(24)00132-0/sbref0090
http://refhub.elsevier.com/S1808-8694(24)00132-0/sbref0090
http://refhub.elsevier.com/S1808-8694(24)00132-0/sbref0090
http://refhub.elsevier.com/S1808-8694(24)00132-0/sbref0090
http://refhub.elsevier.com/S1808-8694(24)00132-0/sbref0090
http://refhub.elsevier.com/S1808-8694(24)00132-0/sbref0090
http://refhub.elsevier.com/S1808-8694(24)00132-0/sbref0090
http://refhub.elsevier.com/S1808-8694(24)00132-0/sbref0090
http://refhub.elsevier.com/S1808-8694(24)00132-0/sbref0090
http://refhub.elsevier.com/S1808-8694(24)00132-0/sbref0090
http://refhub.elsevier.com/S1808-8694(24)00132-0/sbref0090
https://www.arquivosdeorl.org.br/conteudo/acervo_port.asp?id=186
https://www.arquivosdeorl.org.br/conteudo/acervo_port.asp?id=186
http://refhub.elsevier.com/S1808-8694(24)00132-0/sbref0095
http://refhub.elsevier.com/S1808-8694(24)00132-0/sbref0095
http://refhub.elsevier.com/S1808-8694(24)00132-0/sbref0095
http://refhub.elsevier.com/S1808-8694(24)00132-0/sbref0095
http://refhub.elsevier.com/S1808-8694(24)00132-0/sbref0095
http://refhub.elsevier.com/S1808-8694(24)00132-0/sbref0095
http://refhub.elsevier.com/S1808-8694(24)00132-0/sbref0095
http://refhub.elsevier.com/S1808-8694(24)00132-0/sbref0095
http://refhub.elsevier.com/S1808-8694(24)00132-0/sbref0095
http://refhub.elsevier.com/S1808-8694(24)00132-0/sbref0095
http://refhub.elsevier.com/S1808-8694(24)00132-0/sbref0095
http://refhub.elsevier.com/S1808-8694(24)00132-0/sbref0095
http://refhub.elsevier.com/S1808-8694(24)00132-0/sbref0095
http://refhub.elsevier.com/S1808-8694(24)00132-0/sbref0095
http://refhub.elsevier.com/S1808-8694(24)00132-0/sbref0095
http://refhub.elsevier.com/S1808-8694(24)00132-0/sbref0095
http://refhub.elsevier.com/S1808-8694(24)00132-0/sbref0095
http://refhub.elsevier.com/S1808-8694(24)00132-0/sbref0095
http://refhub.elsevier.com/S1808-8694(24)00132-0/sbref0095
http://refhub.elsevier.com/S1808-8694(24)00132-0/sbref0095
http://refhub.elsevier.com/S1808-8694(24)00132-0/sbref0095
http://refhub.elsevier.com/S1808-8694(24)00132-0/sbref0095
http://refhub.elsevier.com/S1808-8694(24)00132-0/sbref0095
http://refhub.elsevier.com/S1808-8694(24)00132-0/sbref0095
http://refhub.elsevier.com/S1808-8694(24)00132-0/sbref0095
http://refhub.elsevier.com/S1808-8694(24)00132-0/sbref0100
http://refhub.elsevier.com/S1808-8694(24)00132-0/sbref0100
http://refhub.elsevier.com/S1808-8694(24)00132-0/sbref0100
http://refhub.elsevier.com/S1808-8694(24)00132-0/sbref0100
http://refhub.elsevier.com/S1808-8694(24)00132-0/sbref0100
http://refhub.elsevier.com/S1808-8694(24)00132-0/sbref0100
http://refhub.elsevier.com/S1808-8694(24)00132-0/sbref0100
http://refhub.elsevier.com/S1808-8694(24)00132-0/sbref0100
http://refhub.elsevier.com/S1808-8694(24)00132-0/sbref0100
http://refhub.elsevier.com/S1808-8694(24)00132-0/sbref0100
http://refhub.elsevier.com/S1808-8694(24)00132-0/sbref0100
http://refhub.elsevier.com/S1808-8694(24)00132-0/sbref0100
http://refhub.elsevier.com/S1808-8694(24)00132-0/sbref0100
http://refhub.elsevier.com/S1808-8694(24)00132-0/sbref0100
http://refhub.elsevier.com/S1808-8694(24)00132-0/sbref0100
http://refhub.elsevier.com/S1808-8694(24)00132-0/sbref0100
http://refhub.elsevier.com/S1808-8694(24)00132-0/sbref0100
http://refhub.elsevier.com/S1808-8694(24)00132-0/sbref0100
http://refhub.elsevier.com/S1808-8694(24)00132-0/sbref0100
http://refhub.elsevier.com/S1808-8694(24)00132-0/sbref0100
http://refhub.elsevier.com/S1808-8694(24)00132-0/sbref0100
http://refhub.elsevier.com/S1808-8694(24)00132-0/sbref0100
http://refhub.elsevier.com/S1808-8694(24)00132-0/sbref0100
http://refhub.elsevier.com/S1808-8694(24)00132-0/sbref0100
http://refhub.elsevier.com/S1808-8694(24)00132-0/sbref0100
http://refhub.elsevier.com/S1808-8694(24)00132-0/sbref0100
http://refhub.elsevier.com/S1808-8694(24)00132-0/sbref0100
http://refhub.elsevier.com/S1808-8694(24)00132-0/sbref0100
http://refhub.elsevier.com/S1808-8694(24)00132-0/sbref0100
http://refhub.elsevier.com/S1808-8694(24)00132-0/sbref0100
http://refhub.elsevier.com/S1808-8694(24)00132-0/sbref0100
http://refhub.elsevier.com/S1808-8694(24)00132-0/sbref0100
http://refhub.elsevier.com/S1808-8694(24)00132-0/sbref0100
http://refhub.elsevier.com/S1808-8694(24)00132-0/sbref0100
http://refhub.elsevier.com/S1808-8694(24)00132-0/sbref0100
http://refhub.elsevier.com/S1808-8694(24)00132-0/sbref0100
http://refhub.elsevier.com/S1808-8694(24)00132-0/sbref0105
http://refhub.elsevier.com/S1808-8694(24)00132-0/sbref0105
http://refhub.elsevier.com/S1808-8694(24)00132-0/sbref0105
http://refhub.elsevier.com/S1808-8694(24)00132-0/sbref0105
http://refhub.elsevier.com/S1808-8694(24)00132-0/sbref0105
http://refhub.elsevier.com/S1808-8694(24)00132-0/sbref0105
http://refhub.elsevier.com/S1808-8694(24)00132-0/sbref0105
http://refhub.elsevier.com/S1808-8694(24)00132-0/sbref0105
http://refhub.elsevier.com/S1808-8694(24)00132-0/sbref0105
http://refhub.elsevier.com/S1808-8694(24)00132-0/sbref0105
http://refhub.elsevier.com/S1808-8694(24)00132-0/sbref0105
http://refhub.elsevier.com/S1808-8694(24)00132-0/sbref0105
http://refhub.elsevier.com/S1808-8694(24)00132-0/sbref0105
http://refhub.elsevier.com/S1808-8694(24)00132-0/sbref0105
http://refhub.elsevier.com/S1808-8694(24)00132-0/sbref0105
http://refhub.elsevier.com/S1808-8694(24)00132-0/sbref0105
http://refhub.elsevier.com/S1808-8694(24)00132-0/sbref0105
http://refhub.elsevier.com/S1808-8694(24)00132-0/sbref0105
http://refhub.elsevier.com/S1808-8694(24)00132-0/sbref0105
http://refhub.elsevier.com/S1808-8694(24)00132-0/sbref0105
http://refhub.elsevier.com/S1808-8694(24)00132-0/sbref0105
http://refhub.elsevier.com/S1808-8694(24)00132-0/sbref0105
http://refhub.elsevier.com/S1808-8694(24)00132-0/sbref0105
http://refhub.elsevier.com/S1808-8694(24)00132-0/sbref0105
http://refhub.elsevier.com/S1808-8694(24)00132-0/sbref0105
http://refhub.elsevier.com/S1808-8694(24)00132-0/sbref0105
http://refhub.elsevier.com/S1808-8694(24)00132-0/sbref0105
http://refhub.elsevier.com/S1808-8694(24)00132-0/sbref0105
http://refhub.elsevier.com/S1808-8694(24)00132-0/sbref0105
http://refhub.elsevier.com/S1808-8694(24)00132-0/sbref0105
http://refhub.elsevier.com/S1808-8694(24)00132-0/sbref0105
http://refhub.elsevier.com/S1808-8694(24)00132-0/sbref0105
http://refhub.elsevier.com/S1808-8694(24)00132-0/sbref0105
http://refhub.elsevier.com/S1808-8694(24)00132-0/sbref0105
http://refhub.elsevier.com/S1808-8694(24)00132-0/sbref0110
http://refhub.elsevier.com/S1808-8694(24)00132-0/sbref0110
http://refhub.elsevier.com/S1808-8694(24)00132-0/sbref0110
http://refhub.elsevier.com/S1808-8694(24)00132-0/sbref0110
http://refhub.elsevier.com/S1808-8694(24)00132-0/sbref0110
http://refhub.elsevier.com/S1808-8694(24)00132-0/sbref0110
http://refhub.elsevier.com/S1808-8694(24)00132-0/sbref0110
http://refhub.elsevier.com/S1808-8694(24)00132-0/sbref0110
http://refhub.elsevier.com/S1808-8694(24)00132-0/sbref0110
http://refhub.elsevier.com/S1808-8694(24)00132-0/sbref0110
http://refhub.elsevier.com/S1808-8694(24)00132-0/sbref0110
http://refhub.elsevier.com/S1808-8694(24)00132-0/sbref0110
http://refhub.elsevier.com/S1808-8694(24)00132-0/sbref0110
http://refhub.elsevier.com/S1808-8694(24)00132-0/sbref0110
http://refhub.elsevier.com/S1808-8694(24)00132-0/sbref0110
http://refhub.elsevier.com/S1808-8694(24)00132-0/sbref0110
http://refhub.elsevier.com/S1808-8694(24)00132-0/sbref0110
http://refhub.elsevier.com/S1808-8694(24)00132-0/sbref0110
http://refhub.elsevier.com/S1808-8694(24)00132-0/sbref0110
http://refhub.elsevier.com/S1808-8694(24)00132-0/sbref0110
http://refhub.elsevier.com/S1808-8694(24)00132-0/sbref0110
http://refhub.elsevier.com/S1808-8694(24)00132-0/sbref0110
http://refhub.elsevier.com/S1808-8694(24)00132-0/sbref0110
http://refhub.elsevier.com/S1808-8694(24)00132-0/sbref0110
http://refhub.elsevier.com/S1808-8694(24)00132-0/sbref0110
http://refhub.elsevier.com/S1808-8694(24)00132-0/sbref0110
http://refhub.elsevier.com/S1808-8694(24)00132-0/sbref0110
http://refhub.elsevier.com/S1808-8694(24)00132-0/sbref0110
http://refhub.elsevier.com/S1808-8694(24)00132-0/sbref0110
http://refhub.elsevier.com/S1808-8694(24)00132-0/sbref0110
http://refhub.elsevier.com/S1808-8694(24)00132-0/sbref0110
http://refhub.elsevier.com/S1808-8694(24)00132-0/sbref0115
http://refhub.elsevier.com/S1808-8694(24)00132-0/sbref0115
http://refhub.elsevier.com/S1808-8694(24)00132-0/sbref0115
http://refhub.elsevier.com/S1808-8694(24)00132-0/sbref0115
http://refhub.elsevier.com/S1808-8694(24)00132-0/sbref0115
http://refhub.elsevier.com/S1808-8694(24)00132-0/sbref0115
http://refhub.elsevier.com/S1808-8694(24)00132-0/sbref0115
http://refhub.elsevier.com/S1808-8694(24)00132-0/sbref0115
http://refhub.elsevier.com/S1808-8694(24)00132-0/sbref0115
http://refhub.elsevier.com/S1808-8694(24)00132-0/sbref0115
http://refhub.elsevier.com/S1808-8694(24)00132-0/sbref0115
http://refhub.elsevier.com/S1808-8694(24)00132-0/sbref0115
http://refhub.elsevier.com/S1808-8694(24)00132-0/sbref0115
http://refhub.elsevier.com/S1808-8694(24)00132-0/sbref0115
http://refhub.elsevier.com/S1808-8694(24)00132-0/sbref0115
http://refhub.elsevier.com/S1808-8694(24)00132-0/sbref0115
http://refhub.elsevier.com/S1808-8694(24)00132-0/sbref0115
http://refhub.elsevier.com/S1808-8694(24)00132-0/sbref0115
http://refhub.elsevier.com/S1808-8694(24)00132-0/sbref0115
http://refhub.elsevier.com/S1808-8694(24)00132-0/sbref0115
http://refhub.elsevier.com/S1808-8694(24)00132-0/sbref0115
http://refhub.elsevier.com/S1808-8694(24)00132-0/sbref0115
http://refhub.elsevier.com/S1808-8694(24)00132-0/sbref0115
http://refhub.elsevier.com/S1808-8694(24)00132-0/sbref0115
http://refhub.elsevier.com/S1808-8694(24)00132-0/sbref0115
http://refhub.elsevier.com/S1808-8694(24)00132-0/sbref0115
http://refhub.elsevier.com/S1808-8694(24)00132-0/sbref0115
http://refhub.elsevier.com/S1808-8694(24)00132-0/sbref0115
http://refhub.elsevier.com/S1808-8694(24)00132-0/sbref0115
http://refhub.elsevier.com/S1808-8694(24)00132-0/sbref0115
http://refhub.elsevier.com/S1808-8694(24)00132-0/sbref0115
http://refhub.elsevier.com/S1808-8694(24)00132-0/sbref0115
http://refhub.elsevier.com/S1808-8694(24)00132-0/sbref0115
http://refhub.elsevier.com/S1808-8694(24)00132-0/sbref0115
http://refhub.elsevier.com/S1808-8694(24)00132-0/sbref0115
http://refhub.elsevier.com/S1808-8694(24)00132-0/sbref0115
http://refhub.elsevier.com/S1808-8694(24)00132-0/sbref0115
http://refhub.elsevier.com/S1808-8694(24)00132-0/sbref0115
http://refhub.elsevier.com/S1808-8694(24)00132-0/sbref0120
http://refhub.elsevier.com/S1808-8694(24)00132-0/sbref0120
http://refhub.elsevier.com/S1808-8694(24)00132-0/sbref0120
http://refhub.elsevier.com/S1808-8694(24)00132-0/sbref0120
http://refhub.elsevier.com/S1808-8694(24)00132-0/sbref0120
http://refhub.elsevier.com/S1808-8694(24)00132-0/sbref0120
http://refhub.elsevier.com/S1808-8694(24)00132-0/sbref0120
http://refhub.elsevier.com/S1808-8694(24)00132-0/sbref0120
http://refhub.elsevier.com/S1808-8694(24)00132-0/sbref0120
http://refhub.elsevier.com/S1808-8694(24)00132-0/sbref0120
http://refhub.elsevier.com/S1808-8694(24)00132-0/sbref0120
http://refhub.elsevier.com/S1808-8694(24)00132-0/sbref0120
http://refhub.elsevier.com/S1808-8694(24)00132-0/sbref0120
http://refhub.elsevier.com/S1808-8694(24)00132-0/sbref0120
http://refhub.elsevier.com/S1808-8694(24)00132-0/sbref0120
http://refhub.elsevier.com/S1808-8694(24)00132-0/sbref0120
http://refhub.elsevier.com/S1808-8694(24)00132-0/sbref0120
http://refhub.elsevier.com/S1808-8694(24)00132-0/sbref0120
http://refhub.elsevier.com/S1808-8694(24)00132-0/sbref0120
http://refhub.elsevier.com/S1808-8694(24)00132-0/sbref0120
http://refhub.elsevier.com/S1808-8694(24)00132-0/sbref0120
http://refhub.elsevier.com/S1808-8694(24)00132-0/sbref0120
http://refhub.elsevier.com/S1808-8694(24)00132-0/sbref0120
http://refhub.elsevier.com/S1808-8694(24)00132-0/sbref0120
http://refhub.elsevier.com/S1808-8694(24)00132-0/sbref0120
http://refhub.elsevier.com/S1808-8694(24)00132-0/sbref0120
http://refhub.elsevier.com/S1808-8694(24)00132-0/sbref0120
http://refhub.elsevier.com/S1808-8694(24)00132-0/sbref0120
http://refhub.elsevier.com/S1808-8694(24)00132-0/sbref0120
http://refhub.elsevier.com/S1808-8694(24)00132-0/sbref0120
http://refhub.elsevier.com/S1808-8694(24)00132-0/sbref0125
http://refhub.elsevier.com/S1808-8694(24)00132-0/sbref0125
http://refhub.elsevier.com/S1808-8694(24)00132-0/sbref0125
http://refhub.elsevier.com/S1808-8694(24)00132-0/sbref0125
http://refhub.elsevier.com/S1808-8694(24)00132-0/sbref0125
http://refhub.elsevier.com/S1808-8694(24)00132-0/sbref0125
http://refhub.elsevier.com/S1808-8694(24)00132-0/sbref0125
http://refhub.elsevier.com/S1808-8694(24)00132-0/sbref0125
http://refhub.elsevier.com/S1808-8694(24)00132-0/sbref0125
http://refhub.elsevier.com/S1808-8694(24)00132-0/sbref0125
http://refhub.elsevier.com/S1808-8694(24)00132-0/sbref0125
http://refhub.elsevier.com/S1808-8694(24)00132-0/sbref0125
http://refhub.elsevier.com/S1808-8694(24)00132-0/sbref0125
http://refhub.elsevier.com/S1808-8694(24)00132-0/sbref0125
http://refhub.elsevier.com/S1808-8694(24)00132-0/sbref0125
http://refhub.elsevier.com/S1808-8694(24)00132-0/sbref0125
http://refhub.elsevier.com/S1808-8694(24)00132-0/sbref0125
http://refhub.elsevier.com/S1808-8694(24)00132-0/sbref0125
http://refhub.elsevier.com/S1808-8694(24)00132-0/sbref0125
http://refhub.elsevier.com/S1808-8694(24)00132-0/sbref0130
http://refhub.elsevier.com/S1808-8694(24)00132-0/sbref0130
http://refhub.elsevier.com/S1808-8694(24)00132-0/sbref0130
http://refhub.elsevier.com/S1808-8694(24)00132-0/sbref0130
http://refhub.elsevier.com/S1808-8694(24)00132-0/sbref0130
http://refhub.elsevier.com/S1808-8694(24)00132-0/sbref0130
http://refhub.elsevier.com/S1808-8694(24)00132-0/sbref0130
http://refhub.elsevier.com/S1808-8694(24)00132-0/sbref0130
http://refhub.elsevier.com/S1808-8694(24)00132-0/sbref0130
http://refhub.elsevier.com/S1808-8694(24)00132-0/sbref0130
http://refhub.elsevier.com/S1808-8694(24)00132-0/sbref0130
http://refhub.elsevier.com/S1808-8694(24)00132-0/sbref0130
http://refhub.elsevier.com/S1808-8694(24)00132-0/sbref0130
http://refhub.elsevier.com/S1808-8694(24)00132-0/sbref0130
http://refhub.elsevier.com/S1808-8694(24)00132-0/sbref0130
http://refhub.elsevier.com/S1808-8694(24)00132-0/sbref0130
http://refhub.elsevier.com/S1808-8694(24)00132-0/sbref0130
http://refhub.elsevier.com/S1808-8694(24)00132-0/sbref0130
http://refhub.elsevier.com/S1808-8694(24)00132-0/sbref0130
http://refhub.elsevier.com/S1808-8694(24)00132-0/sbref0130
http://refhub.elsevier.com/S1808-8694(24)00132-0/sbref0130
http://refhub.elsevier.com/S1808-8694(24)00132-0/sbref0130
http://refhub.elsevier.com/S1808-8694(24)00132-0/sbref0135
http://refhub.elsevier.com/S1808-8694(24)00132-0/sbref0135
http://refhub.elsevier.com/S1808-8694(24)00132-0/sbref0135
http://refhub.elsevier.com/S1808-8694(24)00132-0/sbref0135
http://refhub.elsevier.com/S1808-8694(24)00132-0/sbref0135
http://refhub.elsevier.com/S1808-8694(24)00132-0/sbref0135
http://refhub.elsevier.com/S1808-8694(24)00132-0/sbref0135
http://refhub.elsevier.com/S1808-8694(24)00132-0/sbref0135
http://refhub.elsevier.com/S1808-8694(24)00132-0/sbref0135
http://refhub.elsevier.com/S1808-8694(24)00132-0/sbref0135
http://refhub.elsevier.com/S1808-8694(24)00132-0/sbref0135
http://refhub.elsevier.com/S1808-8694(24)00132-0/sbref0135
http://refhub.elsevier.com/S1808-8694(24)00132-0/sbref0135
http://refhub.elsevier.com/S1808-8694(24)00132-0/sbref0135
http://refhub.elsevier.com/S1808-8694(24)00132-0/sbref0135
http://refhub.elsevier.com/S1808-8694(24)00132-0/sbref0135
http://refhub.elsevier.com/S1808-8694(24)00132-0/sbref0135
http://refhub.elsevier.com/S1808-8694(24)00132-0/sbref0135
http://refhub.elsevier.com/S1808-8694(24)00132-0/sbref0135
http://refhub.elsevier.com/S1808-8694(24)00132-0/sbref0135
http://refhub.elsevier.com/S1808-8694(24)00132-0/sbref0135
http://refhub.elsevier.com/S1808-8694(24)00132-0/sbref0135
http://refhub.elsevier.com/S1808-8694(24)00132-0/sbref0135
http://refhub.elsevier.com/S1808-8694(24)00132-0/sbref0135
http://refhub.elsevier.com/S1808-8694(24)00132-0/sbref0135
http://refhub.elsevier.com/S1808-8694(24)00132-0/sbref0135
http://refhub.elsevier.com/S1808-8694(24)00132-0/sbref0135
http://refhub.elsevier.com/S1808-8694(24)00132-0/sbref0135
http://refhub.elsevier.com/S1808-8694(24)00132-0/sbref0135
http://refhub.elsevier.com/S1808-8694(24)00132-0/sbref0135
http://refhub.elsevier.com/S1808-8694(24)00132-0/sbref0140
http://refhub.elsevier.com/S1808-8694(24)00132-0/sbref0140
http://refhub.elsevier.com/S1808-8694(24)00132-0/sbref0140
http://refhub.elsevier.com/S1808-8694(24)00132-0/sbref0140
http://refhub.elsevier.com/S1808-8694(24)00132-0/sbref0140
http://refhub.elsevier.com/S1808-8694(24)00132-0/sbref0140
http://refhub.elsevier.com/S1808-8694(24)00132-0/sbref0140
http://refhub.elsevier.com/S1808-8694(24)00132-0/sbref0140
http://refhub.elsevier.com/S1808-8694(24)00132-0/sbref0140
http://refhub.elsevier.com/S1808-8694(24)00132-0/sbref0140
http://refhub.elsevier.com/S1808-8694(24)00132-0/sbref0140
http://refhub.elsevier.com/S1808-8694(24)00132-0/sbref0140
http://refhub.elsevier.com/S1808-8694(24)00132-0/sbref0140
http://refhub.elsevier.com/S1808-8694(24)00132-0/sbref0140
http://refhub.elsevier.com/S1808-8694(24)00132-0/sbref0140
http://refhub.elsevier.com/S1808-8694(24)00132-0/sbref0140
http://refhub.elsevier.com/S1808-8694(24)00132-0/sbref0140
http://refhub.elsevier.com/S1808-8694(24)00132-0/sbref0140
http://refhub.elsevier.com/S1808-8694(24)00132-0/sbref0140
http://refhub.elsevier.com/S1808-8694(24)00132-0/sbref0140
http://refhub.elsevier.com/S1808-8694(24)00132-0/sbref0140
http://refhub.elsevier.com/S1808-8694(24)00132-0/sbref0140
http://refhub.elsevier.com/S1808-8694(24)00132-0/sbref0140
http://refhub.elsevier.com/S1808-8694(24)00132-0/sbref0140
http://refhub.elsevier.com/S1808-8694(24)00132-0/sbref0140
http://refhub.elsevier.com/S1808-8694(24)00132-0/sbref0140
http://refhub.elsevier.com/S1808-8694(24)00132-0/sbref0140
http://refhub.elsevier.com/S1808-8694(24)00132-0/sbref0140
http://refhub.elsevier.com/S1808-8694(24)00132-0/sbref0145
http://refhub.elsevier.com/S1808-8694(24)00132-0/sbref0145
http://refhub.elsevier.com/S1808-8694(24)00132-0/sbref0145
http://refhub.elsevier.com/S1808-8694(24)00132-0/sbref0145
http://refhub.elsevier.com/S1808-8694(24)00132-0/sbref0145
http://refhub.elsevier.com/S1808-8694(24)00132-0/sbref0145
http://refhub.elsevier.com/S1808-8694(24)00132-0/sbref0145
http://refhub.elsevier.com/S1808-8694(24)00132-0/sbref0145
http://refhub.elsevier.com/S1808-8694(24)00132-0/sbref0145
http://refhub.elsevier.com/S1808-8694(24)00132-0/sbref0145
http://refhub.elsevier.com/S1808-8694(24)00132-0/sbref0145
http://refhub.elsevier.com/S1808-8694(24)00132-0/sbref0145
http://refhub.elsevier.com/S1808-8694(24)00132-0/sbref0145
http://refhub.elsevier.com/S1808-8694(24)00132-0/sbref0145
http://refhub.elsevier.com/S1808-8694(24)00132-0/sbref0145
http://refhub.elsevier.com/S1808-8694(24)00132-0/sbref0145
http://refhub.elsevier.com/S1808-8694(24)00132-0/sbref0145
http://refhub.elsevier.com/S1808-8694(24)00132-0/sbref0145
http://refhub.elsevier.com/S1808-8694(24)00132-0/sbref0145
http://refhub.elsevier.com/S1808-8694(24)00132-0/sbref0145
http://refhub.elsevier.com/S1808-8694(24)00132-0/sbref0145
http://refhub.elsevier.com/S1808-8694(24)00132-0/sbref0145
http://refhub.elsevier.com/S1808-8694(24)00132-0/sbref0145
http://refhub.elsevier.com/S1808-8694(24)00132-0/sbref0145
http://refhub.elsevier.com/S1808-8694(24)00132-0/sbref0145
http://refhub.elsevier.com/S1808-8694(24)00132-0/sbref0145
http://refhub.elsevier.com/S1808-8694(24)00132-0/sbref0145
http://refhub.elsevier.com/S1808-8694(24)00132-0/sbref0145
http://refhub.elsevier.com/S1808-8694(24)00132-0/sbref0145
http://refhub.elsevier.com/S1808-8694(24)00132-0/sbref0145
http://refhub.elsevier.com/S1808-8694(24)00132-0/sbref0145
http://refhub.elsevier.com/S1808-8694(24)00132-0/sbref0145
http://refhub.elsevier.com/S1808-8694(24)00132-0/sbref0145
http://refhub.elsevier.com/S1808-8694(24)00132-0/sbref0145
http://refhub.elsevier.com/S1808-8694(24)00132-0/sbref0145
http://refhub.elsevier.com/S1808-8694(24)00132-0/sbref0145
http://refhub.elsevier.com/S1808-8694(24)00132-0/sbref0145
http://refhub.elsevier.com/S1808-8694(24)00132-0/sbref0145
http://refhub.elsevier.com/S1808-8694(24)00132-0/sbref0145
http://refhub.elsevier.com/S1808-8694(24)00132-0/sbref0145
http://refhub.elsevier.com/S1808-8694(24)00132-0/sbref0145
http://refhub.elsevier.com/S1808-8694(24)00132-0/sbref0150
http://refhub.elsevier.com/S1808-8694(24)00132-0/sbref0150
http://refhub.elsevier.com/S1808-8694(24)00132-0/sbref0150
http://refhub.elsevier.com/S1808-8694(24)00132-0/sbref0150
http://refhub.elsevier.com/S1808-8694(24)00132-0/sbref0150
http://refhub.elsevier.com/S1808-8694(24)00132-0/sbref0150
http://refhub.elsevier.com/S1808-8694(24)00132-0/sbref0150
http://refhub.elsevier.com/S1808-8694(24)00132-0/sbref0150
http://refhub.elsevier.com/S1808-8694(24)00132-0/sbref0150
http://refhub.elsevier.com/S1808-8694(24)00132-0/sbref0150
http://refhub.elsevier.com/S1808-8694(24)00132-0/sbref0150
http://refhub.elsevier.com/S1808-8694(24)00132-0/sbref0150
http://refhub.elsevier.com/S1808-8694(24)00132-0/sbref0150
http://refhub.elsevier.com/S1808-8694(24)00132-0/sbref0150
http://refhub.elsevier.com/S1808-8694(24)00132-0/sbref0150
http://refhub.elsevier.com/S1808-8694(24)00132-0/sbref0150
http://refhub.elsevier.com/S1808-8694(24)00132-0/sbref0150
http://refhub.elsevier.com/S1808-8694(24)00132-0/sbref0150
http://refhub.elsevier.com/S1808-8694(24)00132-0/sbref0150
http://refhub.elsevier.com/S1808-8694(24)00132-0/sbref0150
http://refhub.elsevier.com/S1808-8694(24)00132-0/sbref0150
http://refhub.elsevier.com/S1808-8694(24)00132-0/sbref0150
http://refhub.elsevier.com/S1808-8694(24)00132-0/sbref0150
http://refhub.elsevier.com/S1808-8694(24)00132-0/sbref0150
http://refhub.elsevier.com/S1808-8694(24)00132-0/sbref0150
http://refhub.elsevier.com/S1808-8694(24)00132-0/sbref0150
http://refhub.elsevier.com/S1808-8694(24)00132-0/sbref0150
http://refhub.elsevier.com/S1808-8694(24)00132-0/sbref0150
http://refhub.elsevier.com/S1808-8694(24)00132-0/sbref0150
http://refhub.elsevier.com/S1808-8694(24)00132-0/sbref0150
http://refhub.elsevier.com/S1808-8694(24)00132-0/sbref0150
http://refhub.elsevier.com/S1808-8694(24)00132-0/sbref0155
http://refhub.elsevier.com/S1808-8694(24)00132-0/sbref0155
http://refhub.elsevier.com/S1808-8694(24)00132-0/sbref0155
http://refhub.elsevier.com/S1808-8694(24)00132-0/sbref0155
http://refhub.elsevier.com/S1808-8694(24)00132-0/sbref0155
http://refhub.elsevier.com/S1808-8694(24)00132-0/sbref0155
http://refhub.elsevier.com/S1808-8694(24)00132-0/sbref0155
http://refhub.elsevier.com/S1808-8694(24)00132-0/sbref0155
http://refhub.elsevier.com/S1808-8694(24)00132-0/sbref0155
http://refhub.elsevier.com/S1808-8694(24)00132-0/sbref0155
http://refhub.elsevier.com/S1808-8694(24)00132-0/sbref0155
http://refhub.elsevier.com/S1808-8694(24)00132-0/sbref0155
http://refhub.elsevier.com/S1808-8694(24)00132-0/sbref0155
http://refhub.elsevier.com/S1808-8694(24)00132-0/sbref0155
http://refhub.elsevier.com/S1808-8694(24)00132-0/sbref0155
http://refhub.elsevier.com/S1808-8694(24)00132-0/sbref0155
http://refhub.elsevier.com/S1808-8694(24)00132-0/sbref0155
http://refhub.elsevier.com/S1808-8694(24)00132-0/sbref0155
http://refhub.elsevier.com/S1808-8694(24)00132-0/sbref0155
http://refhub.elsevier.com/S1808-8694(24)00132-0/sbref0155
http://refhub.elsevier.com/S1808-8694(24)00132-0/sbref0155

	Effectiveness of hypertonic saline irrigation following functional endoscopic sinus surgery: a systematic review and meta-...
	Introduction
	Methods
	Eligibility criteria
	Search strategy and data extraction
	Endpoints and subgroup analyses
	Quality assessment
	Statistical analysis

	Results
	Endoscopic outcomes
	Symptomatic outcomes
	Subgroup analyses

	Discussion
	Study limitation

	Conclusion
	CRediT authorship contribution statement
	Funding
	Declaration of competing interest
	Acknowledgments

	References

