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(Abstract \

The nasal mucosa, a critical defense against airborne pathogens, relies on effective Mucociliary Clearance (MCC). Nasal Sa-
line Irrigation (NSI) is a simple procedure for cleansing and moisturizing nasal passages. It mechanically washes out mucus,
secretory aggregation, inhaled agents, and inflammatory mediators from the nose, thus promoting MCC and helping reduce
mucosal edema. NSI, recommended as an adjunct therapy for sinonasal diseases and after endoscopic sinus surgery, is typically
performed with isotonic or hypertonic solutions. Several clinical studies have proven the superiority of hypertonic solutions
based on their osmotic decongestion and mechanical cleansing actions. In particular, hypertonic seawater solutions of 2.3%
NaCl (2.3%HSS), have extensively been validated in clinical trials involving healthy subjects, patients with ENT diseases or
at the postoperative setting. In healthy individuals, these solutions resulted in increased MCC. In ENT disease management,
2.3%HSS, alone or enriched with additional natural ingredients, offered sinonasal symptom relief both as a stand-alone therapy
or adjunctively, in combination with standard treatments, across different age groups. In patients with upper respiratory infec-
tions, these solutions reduced viral load and were more effective than isotonic solutions. Finally, when used in combination
with medication, they have demonstrated quicker symptom relief versus medication alone, while resulting in reduced medica-
tion intake. In the post-surgery setting, 2.3%HSS with or without natural extracts, demonstrated superior efficacy over isotonic
solutions, while offering accelerated postoperative recovery, and reduced symptoms. These data support the use of 2.3%HSS
in nasal symptom management in ENT diseases.

Q(eywords: Nasal irrigation; Hypertonic seawater solutions; 2.3% NaCl; ENT diseases; Nasal symptom management )

Introduction
The nasal cavity is the first line of defense against airborne
pathogens and particles such as pollutants, dust, aeroaller- )

Nasal irrigation is typically performed with two types of solu-
tions [3,4]:
Isotonic saline solutions: these solutions are based on

gens, and infectious agents. Trapped into the mucosal layer,
the inhaled agents are transported towards the pharynx and
swallowed via the process of mucociliary clearance which
is characterized by the rhythmic beating of cilia in cells lin-
ing the surface epithelium of the airways [1]. However, lack
of appropriate clearance due to barrier dysfunction and pro-
inflammatory responses induced by inhaled agents can disrupt
normal functioning of the nose, resulting in bothersome nasal
symptoms [2].

Nasal irrigation is a simple and effective technique used to
cleanse and moisturize the nasal passages. It typically involves
rinsing the nasal cavity with a saline solution, using a nasal
spray, squeeze bottle, a neti pot or bulb syringe. This process
helps flush out mucus, allergens, infectious agents and pol-
lutants, reducing congestion and alleviating nasal symptoms
[3.4].

buffered or non-buffered solutions comprising approximately
0.9% NaCl. Isotonic solutions may also include seawater solu-
tions diluted to a final concentration of 0.9% NaCl (undiluted
seawater is about 3.1-3.5% NaCl) or iso-osmolar solutions i.e.,
seawater solutions with a final concentration of 0.9% NaCl
generated by electrodialysis to remove excess NaCl present in
seawater (while maintaining other seawater ingredients intact).
1I) Hypertonic saline solutions: these solutions are simi-
lar to isotonic solutions but comprise a NaCl content superior
to 0.9%, typically between 2-3% NaCl. As above, these so-
lutions can be generated either by dilution of seawater or via
selective electrodialysis of seawater to the desired % NaCl in
the final solution.

Comparing the efficacy of different solutions, several clini-
cal studies and/or meta-analyses have pointed to a functional
superiority of hypertonic versus isotonic solutions in various
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conditions including rhinitis/rhinosinusitis or after endoscopic
sinus surgery (ESS) [5-9]. This superiority is attributed to both
osmotic decongestion and mechanical wash properties of hy-
pertonic solutions as a result of the high ionic strength and the
cleansing force of the irrigation solution, respectively. On the
contrary, isotonic solutions only bear mechanical wash proper-
ties [3,4]. From a safety perspective, only minor side effects
have been reported when using both solutions (e.g., irritation,
mild bleeding, etc.). However, there is tendency for an in-
creased incidence of minor side effects of hypertonic solutions
when their hypertonicity exceeds 3% NaCl [5].

Among different hypertonic solutions used in practice, hyper-
tonic seawater solutions of 2.3% NaCl (2.3%HSS), are among
the best validated irrigation solutions as based on their efficacy
and safety profile revealed in several clinical trials. Below, we
will summarize the clinical findings on these solutions.

Healthy subjects

Two clinical trials conducted in healthy subjects have shown
that 2.3%HSS increased mucociliary clearance and improved
nasal function [10,11]. It was further shown that 2.3%HSS was
more effective than isotonic solutions in healthy volunteers
[10]. 2.3%HSS thereby offers an effective treatment approach
to improve mucociliary clearance, facilitating removal of accu-
mulated mucus, crusts, and entrapped particles and pathogens.

Patients with ENT diseases

2.3%HSS either alone or enriched with additional natural in-
gredients like algal and herbal extracts, have demonstrated
through numerous scientific publications, excellent clinical ef-
ficacy, safety, tolerance, and user satisfaction. Overall, it was
shown, that use of 2.3%HSS can provide sinonasal symptom
relief either as a stand-alone therapy or adjunctively, in combi-
nation with standard treatments, in all age populations.

Specifically, cleansing the nasal cavity with 2.3%HSS was
shown to be efficacious in various types of rhinitis and/or sinus-
itis of acute, chronic, allergic or non-allergic etiology. Impor-
tantly, 2.3%HSS was highly effective in reducing nasal conges-
tion and other symptoms affecting patient quality of life. These
actions are attributed to both mechanical and osmotic proper-
ties of the 2.3% NaCl hypertonic seawater solution which in-
creases mucociliary clearance, reduces local edema and offers
superior efficacy in comparison to controls or isotonic solu-
tions [12,13]. Combined with standard medication, 2.3%HSS
products offered additional benefits versus standard treatment
alone in clinical trials conducted in adult and pediatric patients.
Finally, use of 2.3%HSS allowed patients to achieve optimal
disease management, increasing symptom-free days, while si-
multaneously reducing medication intake [14-17].

Specifically, in infants and young children diagnosed with
acute rhinosinusitis of bacterial or viral origin like the common
cold and flu, hypertonic seawater solutions of 2.3% NaCl were
safe and efficacious [13]. When used as an add-on therapy to
medication, 2.3%HSS was superior to medication alone [15].
In young children and adolescents suffering from allergic rhi-
nitis, 2.3%HSS enriched with algal extracts and dexpanthenol,
resulted in a significant increase in symptom-free days cou-
pled with reduced medication consumption [16]. In this study,
2.3%HSS combination treatment resulted in better ocular, na-
sal, asthma, and overall allergic symptom score reduction ver-
sus medication alone [16].

In adult patients suffering from intermittent or permanent nasal
obstruction due to several types of rhinitis, 2.3%HSS mono-
therapy was effective and well tolerated, leading to significant
improvement in obstruction as well as sneezing and rhinor-
rhea [18]. Similar to results in pediatric populations, 2.3%HSS
combination therapy was superior to medication in adult rhini-
tis patients [14]. Moreover, 2.3%HSS was superior to isotonic
treatment in improving mucociliary clearance in chronic rhini-
tis patients [12]. Tolerance and product satisfaction were also
high for the majority of users suffering from ENT diseases who
used 2.3%HSS products together with medication [17,19]. Fi-
nally, in a recent study conducted with 2.3%HSS enriched with
algal and herbal extracts in hospitalized COVID-19 patients,
the product, given as an add-on treatment to standard anti-viral
medication, contributed significantly to overall symptom im-
provement and decreased viral load in the nasal cavity [20].
The same solution was also able to reduce viral load and in-
crease the number of patients testing negative for COVID-19
at hospital discharge in a separate clinical study conducted in
COVID-19 patients [21]. In conclusion, 2.3%HSS products
have shown favorable clinical efficacy and tolerability in ENT
disease symptom management. Use in combination with pre-
scribed medication allows optimal disease management and
reduction of medication intake.

Patients undergoing ESS

Endoscopic sinus surgery (ESS) is often accompanied by ad-
verse effects on nasal mucosa physiology and function result-
ing in the formation of crusts, nasal blockage, and other sino-
nasal symptoms, worsening the quality of post-operative life
of patients. Irrigation solutions are strongly recommended and
employed to reduce these adverse effects as part of postopera-
tive treatments [22-25]. 2.3%HSS used either alone or enriched
with additional herbal and algal ingredients have proven effec-
tive in providing sinonasal symptomatic relief post-surgery.

Specifically, in patients who have undergone septoplasty, post-
operative nasal rinsing with 2.3%HSS improved nasal airway
airflow and patency. Irrigation with 2.3%HSS was shown to be
advantageous for both mucociliary clearance and postoperative
decongestion, thereby improving nasal breathing and minimiz-
ing the risk of postoperative infections [22]. In another cohort
of patients following septoplasty and concha radiofrequency,
patients experienced less nasal crusting, dryness, and obstruc-
tion while receiving 2.3%HSS compared to saline or tap wa-
ter controls [23]. Patients after septoplasty and radiofrequency
turbinate volume reduction rinsing their noses with 2.3%HSS
enriched with algal extracts reported less nasal bleeding and
less crust formation compared to their counterparts who used
saline. These results support the preferential use of 2.3%HSS
products in patients with an increased predisposition to post-
surgical hemorrhage [26].

Sinonasal symptoms were reduced in patients after ESS fol-
lowing nasal rinsing with 2.3%HSS according to both endo-
scopic findings and patients’ evaluations. 2.3%HSS proved
effective for symptom management in patients with aspirin-in-
duced chronic rhinosinusitis which is a hard-to-control severe
progressive disease. Patients using 2.3%HSS felt less discom-
fort and lower nasal obstruction, facial pain/pressure, headache
and trouble sleeping, nasal mucosal edema, nasal secretions,
and crusting compared to the group using saline [24]. Relief of
the aforementioned symptoms was also perceived in subjects
with uncontrolled chronic rhinosinusitis receiving ESS, in the
postoperative period [27].
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In another study, patients who underwent ESS for nasal pol-
yposis and performed nasal douching with 2.3%HSS enriched
with algal extracts, reported lower nasal symptom and endo-
scopic finding scores than isotonic controls. In the same study,
2.3%HSS, enriched with algal extracts, was more effective
than isotonic control in modifying levels of the inflammatory
marker IL-8 and repair-related markers, TGF-a and EGF, sug-
gesting optimal nasal mucosa reparation after ESS [28].

Conclusively, 2.3%HSS accelerated postoperative recovery,
reduced symptoms like nasal bleeding, crusting and conges-
tion, ensured nasal mucosa moistening, and improved patient
satisfaction with surgical outcome, while demonstrating supe-
rior efficacy over isotonic irrigation solutions. Data from clini-
cal studies in post-surgery patients support the high safety pro-
file of 2.3%HSS products.

Conclusion

Hypertonic irrigation solutions have been widely used to pro-
vide symptomatic relief in patients with ENT diseases. Among
different solutions used, hypertonic seawater solutions of 2.3%
NaCl were shown to be particularly effective, simultaneously
offering a high level of safety. Used either alone or in combina-
tion with prescribed medication, these solutions are a versatile
tool to be used in clinical practice for optimal disease manage-
ment.
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