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Hypertonic and isotonic saline solutions in irrigation therapy
for acute rhinosinusitis: clinical benefits and contribution
to the antibiotic stewardship program. Literature review

V. Popovych * and I. Koshel?

ABSTRACT @ OPEN ACCESS

Irrigation therapy with saline solutions is an important component of the treatment of acute inflammatory diseases
of nose and paranasal sinuses. Despite this, rhinosinusitis remains a condition characterized by excessive and often
inappropriate antibiotic prescribing, making it a key target for antibiotic stewardship initiatives. Although published
evidence is limited, available data indicate that saline irrigation may reduce the need for antibiotics by improving
mucaociliary clearance, decreasing symptom severity, and accelerating mucosal recovery. This mechanism highlights the
potential role of saline solutions as a supportive tool in promoting rational antibiotic use in patients with rhinosinusitis.

The aim of this review was to analyze and compare the available data on the clinical efficacy and tolerability of hypertonic
and isotonic seawater solutions, while simultaneously assessing their impact on the key symptoms of acute rhinosinusitis
(ARS) in the context of delayed antibiotic prescribing as an important component of rational antimicrobial therapy.

Analysis of the available clinical studies has shown that hypertonic solution provides more rapid symptom relief
during the initial days of treatment due to its pronounced osmotic decongestant effect. Such early clinical improvement
is particularly important within the strategy of delayed antibiotic prescribing, as it is associated with a reduced
need for antibacterial therapy and aligns with the principles of antibiotic stewardship in the context of combating
antimicrobial resistance.

At the same time, at the final stage of treatment (after 7-8 days), the difference between hypertonic and isotonic
saline solutions is leveled: both agents demonstrate comparable efficacy in terms of the criteria of clinical recovery.
The tolerability of both types of solutions is good and comparable, since no significant adverse effects were registered,
and short-term discomfort when using hypertonic saline did not affect adherence to treatment.

The obtained data support the appropriateness of using hypertonic solution in the early stages of therapy, when
the strategy of delayed antibiotic prescribing is implemented, allowing effective control of initial symptoms and
reducing the need for antibacterial treatment. In the long-term perspective, both types of solutions demonstrate
comparable clinical efficacy, underscoring their relevance as instruments of antibiotic stewardship in the context
of mitigating antimicrobial resistance.
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Introduction

ARS is a common disease in most countries of the world, affecting 6-15% of the population annually. Doctors
of various specialties, but most often pediatricians, general practitioners and otolaryngologists, encounter
ARS in their practice.

ARS in adults is defined as the sudden appearance of =2 symptoms of the disease, one of which must be: nasal
congestion/difficulty in nasal breathing or nasal discharge (rhinorrhea or postnasal drip) + facial pain/pressure
+ decrease/loss of smell and any of the following endoscopic signs:

- nasal polyps and/or
- mucopurulent discharge primarily from the middle nasal meatus and/or
- edema/obstruction, primarily in the middle meatus

and/or CT changes:

- mucosal changes in the ostiomeatal complex and/or sinuses.
Symptoms of the disease may persist for up to 12 weeks.

In children, ARS is defined largely using similar criteria, but the clinically significant symptom is cough (daytime
or nighttime) in contrast to decrease/loss of smell in adults.

According to current criteria, ARS includes three nosological entities: acute viral (AVRS), postviral (APVRS),
and bacterial rhinosinusitis (ABRS)*.

AVRS is defined as the presence of symptoms lasting up to 10 days without their worsening after 5 days. APVRS
is diagnosed when symptoms worsen after the 5th day or persist after the 10th day. ABRS is considered a subunit
of the postviral one, and its probability is assessed if at least three of the following criteria are present:

* temperature =38°C

« worsening of the condition (mainly after the 5th day)

+ unilateral localization

e acute pain

» increased erythrocyte sedimentation rate (ESR) / C-reactive protein (CRP) (provided that a quantitative
testing method is used).

In the USA, rhinosinusitis is classified by duration as ARS if it lasts less than 4 weeks, or as chronic rhinosinusitis
(CRYS) if it lasts more than 12 weeks, with or without exacerbation periods 2. According to this guideline, ARS
can be further classified by presumed etiology, based on symptoms and time to progression as AVRS or ABRS.
Thus, the term “acute postviral rhinosinusitis” is not used in the USA and is included in the category of mild
acute bacterial rhinosinusitis, i.e., one that does not require antibacterial therapy.

Background

The recommendations of European and American professional associations for the first time have given
practical implementation to the principle of exact (precision) medicine —adequate prescription of pharmaceuticals
with a clearly defined diagnosis. Evidence-based treatment regimens for ARS are presented, which state that
seawater, alone or in combination with other medicines, plays an important role in the treatment of ARS?®.
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Saline solutions, in particular seawater, with 1° level of evidence are considered as a safe and effective non-
pharmacological component of treatment, which can reduce the need for medications and improve symptoms.

Mechanisms of Action of Saline Irrigation

Isotonic saline (0.9% NacCl) consists only of Na* and CI~ in a concentration corresponding to plasma. Unlike
isotonic saline, which is artificially created, seawater is a hatural product containing dozens of minerals and
trace elements. The salinity of seawater, in addition to Na* and CI7, is also due to SO42-, Mg2+, Ca2+, K+,
Zn2*, Cu?*, Mn?*. Seawater can be isotonized (diluted to 0.9%) or hypertonic (=2-3%) by NaCl concentration.
Another parameter of paramount importance for seawater preparations is osmolarity. Seawater with a
concentration of approximately 26% to 27% becomes hypertonic (taking into account the reference range
of plasma osmolarity) and can have a number of effects associated with hypertonic solutions®.

The mechanism of action of nasal irrigation solutions is based on two principles: physical and biological/
physiological. The physical principle is based on the mechanical effect of cleansing the nasal mucosa from
accumulated secretions and pathogens by activating mucociliary clearance (MCC) when applied topically.
The nasal mucosa is hydrated not only by topical application of the aqueous solution, but also by the influx
of water through it, resulting in a reduction in edema in the submucosal layer. In addition, fluid transport
across the membrane leads to fluid accumulation in the nasal mucus, which has been proven both in vitro” 8
and in vivo®®°, The rheological characteristics of nasal mucus change: the gel phase changes to a sol, which
significantly improves the efficiency of MCC13,

The biological or physiological principle of action of hypertonic seawater also depends on the effect of ions
on the physiology of the cells of the mucous membrane. Seawater contains a wide range of trace elements
that have biological activity: Magnesium (Mg) stimulates the activity of the ciliated epithelium, Calcium (Ca)
stabilizes cell membranes, Potassium (K) maintains hydration of the mucous membrane, Zinc (Zn) has an
anti-inflammatory and reparative effect, reduces the viscosity of the mucous membrane, acting as a buffer,
HCO3 facilitates elimination through the movement of ciliary cells. Due to this, seawater can provide an
additional therapeutic effect compared to saline NaCl, which does not contain any natural minerals**°,

A comparative study of the efficacy of hypertonic and isotonic seawater on mucociliary transport activity
showed that hypertonic saline significantly increased the beat frequency of cilia of the ciliated epithelium,
which was confirmed by determining the time of saccharin clearance in an in vivo study!%?’. These effects have
been shown in both healthy individuals and in diseased patients®%.

Efficacy in various clinical situations and safety

The efficacy and safety of hypertonic and isotonic seawater solutions in the treatment of patients with
rhinosinusitis have been investigated in humerous clinical trials, evaluated in various reviews and meta-
analyses?*?*, When comparing the published data, several conclusions can be drawn.

Studies have convincingly demonstrated that both types of solutions are effective in patients with AVRS,
but hypertonic saline has a faster effect on mucociliary transport and reduce symptoms of congestion and
rhinorrhea. In APVRS conditions, hypertonic solutions provide faster mucosal cleansing, reduce edema, and
improve sinus ventilation.
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In CRS, hypertonic saline more actively improves drainage, reduces edema, and reduces the need for
concomitant medications, including antibiotics.

Safety: hypertonic saline causes more local nasal sensations, including burning, tingling, temporary irritation,
but they are short-lived and do not affect the quality of life of patients.

Thus, hypertonic saline demonstrates a more pronounced clinical effect, as it more often provides a decrease
in swelling and nasal congestion, improves mucociliary clearance, and faster recovery in acute viral and
postviral conditions. This is consistent with the physiological mechanism: the osmotic effect of hypertonic
saline better reduces mucosal swelling, which an isotonic one cannot provide. It is extremely important that
no study has shown serious side effects that would require treatment discontinuation.

Antibiotic Stewardship and Delayed Antibiotic Strategy

Despite the fact that ARS is a relatively benign disease with a tendency to self-recovery (self-limited disease),
and the additional prescription of irrigation therapy with seawater solutions shows efficacy with a high level of
evidence, this disease is one of the most common reasons for unjustified antibiotic prescription. According
to the literature, unjustified antibacterial therapy is prescribed in 54% to 77% of cases of ARS, which is one
of the main reasons for the global problem of antibiotic resistance, the development of dysbiosis and the
emergence of a whole group of diseases that are caused by antibiotics?>?’. This is partly due to the fact that
to date there is no standard parameter for the differential diagnosis between non-bacterial (AVRS, APVRS)
and ABRS2%,

To help reduce inappropriate antibiotic use in respiratory infections, published studies have highlighted the
importance of strategies that have been shown to reduce inappropriate antibiotic prescribing, including
delayed antibiotic prescribing, particularly in children?.

The essence of the delayed prescription tactic is that the specialist assumes that immediate antibiotic
prescription is not necessary, expecting that symptoms will resolve without their use, but reserves the possibility
of prescribing antibiotics if the patient's condition does not meet the criteria for positive dynamics. Patients
and physicians may be more likely to agree to this treatment course compared with immediate prescription
or no prescription of antibiotics in patients with respiratory infections®.

The driving force behind the unnecessary prescription of antibiotics by physicians and patient demand for
antibiotic therapy is the desire to relieve mucopurulent discharge, nasal congestion, and headache, especially
in the early days of illness when symptoms are most severe. Such a strategy should consider the patient's
desire to relieve these symptoms and prescribe a treatment with proven efficacy that excludes antibiotics.

The main condition for the possibility of implementing a strategy of delayed antibiotic prescription is a treatment
with high efficacy, especially in the first days, when its low efficacy contributes to the highest expectations for
antibiotic prescription. However, widely used medicines such as decongestants, antihistamines, homeopathic
preparations and mucolytics have not been proven to be effective in ARS and therefore should not be used*?.

Based on this, there is a need to use primarily topical therapy agents with a complex effect, which have evidence-
based efficacy in non-bacterial forms of ARS. In light of these data, the use of hypertonic saline solutions could
be interesting. To address this idea, a comparative study of the efficacy of hypertonic solution of Adriatic Sea
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water and isotonic saline solution was conducted within the framework of the strategy of delayed antibiotic
administration in school-age children (6-11 years)*..

Clinical Study Summary

The clinical study was designed to obtain reliable data on the efficacy of active in vivo use of hypertonic seawater
solution compared to reference conventional treatment within the framework of the delayed administration
of antibacterial drugs.

100 outpatients aged 6-11 years, who were diagnosed with APVRS, were randomized into the study. All
patients from the first day of treatment received symptomatic therapy for ARS according to current clinical
guidelines!. During the observation period (10+1 day), patients and/or their parents rated complaints (rhinorrhea,
nasal congestion, headache) daily in points on a 10-point visual analogue scale (VAS). According to the design,
50 patients received therapeutic nasal irrigation with isotonic saline solution, 1-2 instillations in each nostril
3-4 times a day, the other 50 patients received therapeutic nasal irrigation with a nasal spray of hypertonic
seawater solution from the Kvarner Bay of the Adriatic Sea (Aqua Maris Extra Strong), 1-2 instillations in each
nostril 3-4 times a day. The choice of the specified hypertonic saline is due to the fact that a comparison of
the content of cations (sodium, potassium, calcium and magnesium) determined in the seawater of this location
compared to others shows that their content, and therefore the osmolarity, is higher, which determines the
expected clinical effect®223, The efficacy criteria were the dynamics of self-assessment of symptoms and the
frequency of antibiotic prescriptions.

According to the delayed prescription tactics, the decision on the need for antibiotic therapy was made on
the treatment day 3 - 5.

In self-assessment of the symptom of nasal discharge (rhinorrhea) on the first day of observation, the difference
in the severity of the symptom between patients who received hypertonic or isotonic saline was not significant
(p>0.05) (Fig. 1). During the treatment, a significant difference in the severity of regression of rhinorrhea in
patients with hypertonic saline compared to isotonic one was noted starting from the second day (D 2) and
up to D 8 (p<0.05). On D 9-10, the difference in the rhinorrhea symptoms was not significant (p>0.05).

r N

=s=hypertonic saline
*p<0,05

=g==isotonic saline

VAS (visual analogue scale),
average score

D1 D2*D3*D4*D5*D6*D7*D8* D9 D10

Fig. 1. Dynamics of rhinorrhea self-assessment
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In self-assessment of the symptom of nasal congestion on the first day of observation, the difference in symptom
severity between patients receiving hypertonic or isotonic saline was not significant (p>0.05) (Fig. 2). There
was a significant difference in the severity of nasal congestion regression in patients with hypertonic saline
compared to isotonic one starting from the second treatment day (D 2) and up to D 9 (p<0.05). On D 10,
the difference in symptoms of congestion was not significant (p>0.05).
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Fig. 2. Dynamics of nasal congestion self-assessment

Self-rated headache severity on the first day of treatment did not differ between groups — the difference was
not significant (Fig. 3). The assessment of this symptom during treatment showed a significant difference between
patients from D 2 to D 6 (p<0.05). Starting from D 7 and up to D 10, the difference between patient groups
was not significant.
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Fig. 3. Dynamics of headache self-assessment
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The results of ARS treatment were compared at the time of its completion. Of the 50 patients who were
prescribed hypertonic saline, 46 patients (92.0%) recovered; of the 50 patients prescribed isotonic saline, 42
(84.0%) recovered. The difference between the groups was not significant: p = 0.357, (>0.05).

Antibacterial therapy within the framework of the delayed administration tactic was prescribed to 2 patients
(4.0%) in the hypertonic saline group and 6 (12.0%) in the isotonic saline group. The difference between the
groups was not significant: p = 0.269 (>0.05).

Given the lack of significant difference between the groups in the prescription of antibacterial therapy, we
analyzed the trend of antibiotic prescription depending on the type of irrigation saline prescribed. The analysis
was performed using neural network modeling (Figure 4).

(" 100,0 . . A

50,0 i 150t ONIC
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===y pertonic
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10,0

0,0
\ 0.0 10,00 20,0 30,0 40,0 50,0 60,0 70,0 800 90,0 100,0 Y,

Fig. 4. Evaluation of the significance of prescribing hypertonic seawater solution on reducing the frequency
of antibiotic use.

The plot shows that the curve characterizing the tendency to prescribe antibiotics in patients given the isotonic
saline rises sharply and quickly, reaching high values (=80%) already at the early stages. This indicates
insufficient efficacy in managing symptoms at the early stages of treatment, a rapid accumulation of patients
who have to be prescribed antibiotics and a higher frequency of escalation of therapy. In contrast, the curve
characterizing the tendency to prescribe antibiotics in patients given the hypertonic saline shows a smooth,
uniform increase, indicating better management of symptoms in the first days of treatment and, accordingly,
a lower frequency of transition to antibiotic therapy.
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Evaluation of the tolerability assessment results showed that the treatment was well tolerated or very well
tolerated in all cases. No significant side effects were recorded in any patient during the treatment. Burning
or tingling sensations experienced when using the hypertonic saline were short-lived and did not require
discontinuation of therapy.

Discussion

The findings of this review and clinical study confirm that hypertonic seawater solutions provide significant
clinical advantages during the early stages of acute rhinosinusitis, which is consistent with multiple randomized
trials and meta-analyses®-2*. The more rapid reduction in rhinorrhea, nasal obstruction, and headache observed
in patients treated with hypertonic solution can be explained by its multifactorial impact on the key
pathophysiological mechanisms of acute rhinosinusitis. Hypertonic solutions exert an osmotic decongestant
effect, reduce interstitial fluid volume, improve mucus rheology, and accelerate mucociliary clearance, as
demonstrated in both experimental and clinical studies”**!6-2°, In addition, the presence of biologically active
trace elements in seawater (Mg2*, Ca2*, K*, Zn2*, HCO;") provides supplementary physiological benefits
that cannot be achieved with isotonic NaCl solution alone *4,>.

These results align with current understanding of the pathogenesis of viral and postviral rhinosinusitis, where
mucosal edema, impaired mucociliary transport, and accumulation of viscous secretions play central roles.
These mechanisms determine symptom severity during the first days of illness and strongly influence clinical
decision-making regarding the need for antibacterial therapy. In this context, hypertonic solution acts not
only as a symptomatic treatment but also as an intervention that targets underlying pathophysiological
processes, reducing the risk of symptom progression and the need for treatment escalation.

A particularly important aspect of our findings is their relevance to the strategy of delayed antibiotic prescribing.
According to published evidence, insufficient symptom improvement during the first 3-5 days of acute
rhinosinusitis is a major driver of inappropriate antibiotic use, which remains a global challenge and a significant
barrier to effective antibiotic stewardship?>=°. In our study, hypertonic solution demonstrated the ability to
provide faster symptomatic relief, enabling both clinicians and patients to adhere to the delayed prescribing
strategy. The lower rate of antibiotic initiation in the hypertonic group confirms its potential role as a key
tool for rational antibiotic use in primary care settings.

In the longer term (days 7-10), the difference between hypertonic and isotonic solutions diminished, which
is consistent with previous studies showing comparable clinical outcomes for both types of solutions at the
end of treatment®-2*, This suggests that hypertonic solution offers distinct advantages primarily during the
early phase of illness, whereas isotonic solution may serve as an effective component of supportive therapy
or be preferred in patients with increased mucosal sensitivity.

Both solutions demonstrated good tolerability, and the transient sensations of burning or tingling reported
with hypertonic solution did not affect treatment adherence, which is consistent with prior research'**°, The
absence of serious adverse events confirms the safety of hypertonic seawater solutions in both children and
adults, including those with comorbidities.

Overall, these findings have important clinical implications. Hypertonic seawater solution may be considered
an optimal first-line intervention during the initial days of acute rhinosinusitis, particularly within the framework
of delayed antibiotic prescribing, where the speed of symptom regression determines subsequent treatment
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decisions. Its use contributes to reducing unnecessary antibiotic prescriptions, supporting the principles of
antibiotic stewardship and modern approaches to rational antimicrobial use. Given the global challenge of
antimicrobial resistance, such evidence-based non-pharmacological interventions should play a prominent
role in clinical practice.

Clinical Implications

The efficacy of irrigation therapy in acute rhinosinusitis is of practical importance for primary care physicians,
pediatricians, and otolaryngologists, since it is the rate of symptom regression that determines both the clinical
course of the disease and the likelihood of unjustified antibiotic prescription. The data obtained allow us to
formulate several key clinical conclusions.

Hypertonic saline is the optimal choice in the first days of ARS, when patients are most symptomatic and when
the risk of unnecessary antibiotic prescription is the highest. This makes hypertonic saline the first-line treatment
choice for the first 3-5 days.

Isotonic saline is an effective and safe component of maintenance therapy, since in the long term (by day 10
of treatment) the efficacy of hypertonic and isotonic saline becomes comparable, which allows individualization
of therapy depending on tolerability and clinical dynamics.

Irrigation therapy with hypertonic seawater solution is a key tool for reducing unnecessary antibiotic prescriptions
within the framework of the delayed antibiotic prescription tactic, confirming its importance as a tool of
antibiotic stewardship.

Conclusions

1. Hypertonic seawater solution provides faster symptomatic relief during the early phase of acute rhinosinusitis
due to its osmotic decongestant effect, improved mucus rheology, and enhanced mucociliary clearance.

2. Early clinical improvement is crucial for the successful implementation of delayed antibiotic prescribing,
as it reduces the need for treatment escalation and prevents unnecessary initiation of antibacterial therapy.

3. Use of hypertonic solution is associated with a lower rate of antibiotic prescriptions, supporting the principles
of antibiotic stewardship and promoting rational antimicrobial use.

4. In the later stages of treatment (days 7-10), hypertonic and isotonic solutions demonstrate comparable
effectiveness, allowing isotonic saline to be considered a suitable option for maintenance therapy or for
patients with increased mucosal sensitivity.

5. Both types of solutions show good tolerability and favorable safety profiles, and the transient local sensations
associated with hypertonic solution do not affect treatment adherence.

6. Hypertonic seawater solution can be recommended as a first-line intervention during the initial days of
acute rhinosinusitis, particularly when applying a delayed antibiotic prescribing strategy.

Practical algorithm of application

In the first 3-5 days of ARS, hypertonic seawater solution is prescribed 3—-4 times a day; after stabilization of
symptoms, switching to isotonic saline 3-4 times a day is recommended. As part of delayed antibiotic therapy,
hypertonic saline plays a key role, reducing the need for antibiotics.
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Limitations

Despite the comprehensiveness of the review, it has certain limitations. First, the analysis covers only those
sources that were available at the time of writing. Second, the studies evaluated in this review were comparative,
which did not allow for a placebo control. Third, the actual number of patients included in the evaluated
studies is relatively small. In view of this, it is necessary to conduct larger-scale and multicenter studies that
would provide a wider sample, increase the reliability of the conclusions and allow for the formation of more
solid recommendations for clinical practice.

However, the above limitations do not diminish the significance of the conclusions obtained, but rather outline
the boundaries of the analysis conducted and emphasize the need for further research aimed at expanding
the source base, refining methodological approaches, and deepening the consideration of related issues.
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