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Abstract: The history of saline nasal irrigation (SNI) is indeed a long one, beginning from the ancient
Ayurvedic practices and starting to gain a foothold in the west at the beginning of 20th century.
Today, there is a growing number of papers covering effects of SNI from in vitro studies to random-
ized clinical trials and literature overviews. Based on the recommendations of most of the European
and American professional associations, seawater, alone or in combination with other preparations,
has its place in treatment of numerous conditions of the upper respiratory tract (URT), primarily in
chronic (rhino)sinusitis, allergic rhinitis, acute URT infections and postoperative recovery. Addi-
tionally, taking into account its multiple mechanisms of action and mounting evidence from recent
studies, locally applied seawater preparations may have an important role in prevention of viral
and bacterial infections of the URT. Therefore, in this review we discuss results published in the
past years focused on the seawater preparations and their use in clinical and everyday conditions,
since such products are superior to saline, have an excellent safety profile and are recommended by
most professional associations in the field of otorhinolaryngology.

Keywords: seawater; seawater preparation; Aqua Maris; nasal irrigation; upper respiratory track;
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1. Introduction

The use of water for prophylactic or therapeutic purposes, mostly in respiratory sys-
tem, has been known since ancient times. In Yogic practices, different nasal cleansing tech-
niques are used as part of a wider range of body cleansing procedures. Vedic texts de-
scribe several techniques called "neti" [1,2] with “jala neti” [3,4] corresponding to today's
concept of nasal cavity irrigation. In the neti techniques, copperware was used for irriga-
tion (to prevent contamination of the solution), the solution was heated to body tempera-
ture and an exact salt concentration in the preparation of solution was specified. This salt
content and, consequently, the osmolality of the solution remained one of the most im-
portant parameters in nasal irrigation to the present day.

The osmolality of the commercial compositions of NaCl solution ranges from physi-
ological 0.9% to hypertonic solutions with an osmolality of 3% [2]. Solutions with higher
osmolality tend to induce side effects. The osmolality of the solution results not only from
NaCl content but also from the other ions contained therein. Besides having effect on
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osmolality, the ions also show a number of effects on the biology and function of cells and
tissues. This is especially important because many commercially available formulations,
primarily these based on seawater, contain a number of ions other than Na* and Cl- and
differ significantly from the galenic saline. In this review, the following parameters of
these solutions will be discussed:

Composition of solution in context of differences between saline and solutions based
on seawater,

Mechanism of action in nasal cavity and elsewhere,

Safety and efficacy of use in different indications.

2. Composition of saline/seawater preparations

Unlike saline, which consists of NaCl dissolved in distilled water, in seawater there
are four categories of constituents or solutes: major constituents, minor constituents, trace
elements and gases. Average salinity of undiluted seawater is approximately 3.5% or 35
ppt (parts per thousand). Ninety-nine percent of seawater salinity is due to 6 major con-
stituents: Cl, Na*, SO4%, Mg?, Ca?" and K. Salinity is relatively uniform, with range of
variation of 33-37 ppt in open ocean water, 37-38 in smaller bodies of seawater such as the
Adpriatic Sea to as much as 240 ppt in the Dead Sea. This is why the source of water in
seawater products is such an important factor.

One of the fundamental laws in oceanography, the Forchhammer principle or the
principle of constant proportions, states that the relative proportions of the major con-
stituents of seawater are constant, regardless of different salinities in different sea-water
samples. Cl- accounts for 55% of the ions, followed by Na* (30.6%), SO (7.7%) and Mg?*
(4%). Major constituents are also considered to be conservative, i.e., chemically non-reac-
tive and thus stable in oceans and seas over the long periods of time. Besides major con-
stituents, measured in ppt, seawater also contains a number of minor constituents (meas-
ured in ppm — parts per million) and trace elements, measured in ppb — parts per billion.
However, the principles that apply to the major elements do not apply to the minor and
trace elements. This means that many of these elements are biologically or chemically re-
active and that their concentration can be dependent on biological activity and other fac-
tors, exhibiting significant local differences. Major constituents of seawater with salinity
of 35 ppt at the temperature of 25°C are shown in the Table 1.

Table 1. Major constituents of seawater (mg/dm3).

. Dittmar Cox Riley Millero Stanfel
Constituent 151051 (1966)[6]  (1967)[7]  (1996)[] (2006)[9]
Cl 19805 - - 19805 19763
Na- 11015 11013 11037 11035 12117
SO 2764 ; 2776 2764 2707
Mg 1327 1327 1322 1314 1417
Ca> 418 422 422 422 474
K 397 408 408 408 443
Br 67 - 69 69 63

From Table 1 is evident that the cations (sodium, potassium, calcium and magne-
sium) determined in Adriatic Sea (Kvarner bay) by the ion-chromatography method are
higher than cations obtained by various authors mentioned in the Table 1.
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Table 2. Minor constituents of seawater [8].

Constituent g/kg AW  mol/kg/H:0

HCOs 0.10481 61.0168  0.0017803
B(OH)s 0.01944 61.8330  0.0003259
COs* 0.01434 60.0089  0.0002477
Sr2+ 0.00795 87.6200  0.0000940
B(OH)s 0.00795 78.8404  0.0001045
F- 0.00130 18.9984  0.0000709

CO: 0.00042 44.0095
OH- 0.00014 17.0073  0.0000085
Total (major+minor)  35.16504 1.1605659
HO 964.83496 0.580283

Another parameter of primary importance for seawater products is osmolality. To
define the exact osmolality, an in-house study was performed to test the exact osmolality
of seawater preparations as a function of seawater content in the final product. Results are
shown in the Table 3.

Table 3. Osmolality of the product depending on the seawater content.

Osmolality [mOsm/kg] Seawater content [%]

328 30.0
318 29.0
307 28.0
298 27.0
286 26.0
277 25.0
265 24.0
260 23.0
238 22.0
235 21.0
220 20.0

The results show that seawater in concentrations of approximately 26% to 27%, be-
comes hypertonic (considering plasma osmolality reference range of 285-295 mOsm/kg
[10] and can exert a range of effects associated with hypertonic solutions.

3. Mechanism of action

The mechanism of action of saline/seawater solutions is based on two principles:
physical and biological/physiological. The first principle is based on the physical (me-
chanical) effect of cleansing the nasal mucosa of the accumulated secretion and path-
ogens. The second principle depends on the effects of the ions on the physiology of the
mucosal cells. In the Figure 1 we propose the chain of events following mucosal appli-
cation of seawater preparations, resulting in a range of beneficiary effects.
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Figure 1. Proposed mechanism of action of seawater preparations locally applied to mucosa of the
upper respiratory tract.

Mechanism displayed in the Figure 1 above centres on the water transport through
the mucosal epithelial membrane, provoked by the local application of hypertonic solu-
tion. Nasal mucosa is hydrated and moisturized by both local application of solution and
influx of water through the membrane. Depending on the place of application, this leads
to accumulation of liquid in the lumen and increased mucociliary clearance [11,12]. The
mechanism has been proven both in vitro [13,14] and in vivo [15,16]. Reduction of swelling
(oedema) is seen in submucosal tissue, while the immediate effect of excess liquid in nasal
lumen is mechanical cleaning of mucus, crusts and debris. Imminently following is the
change of the state of the mucus from gel to sol [17]. Transition of mucus from gel to sol
state greatly reduces the amount of energy needed by cilia to transport such mucus [18],
significantly improving efficacy of the mucociliary transport. Additional ionic constitu-
ents of seawater show other effects such as increased cell viability and inflammation re-
duction (Figure 1 and Table 4).

Indeed, the efficacy of mucociliary transport might be one of the key mechanisms
how saline/seawater solutions exert their positive effect on the nasal tissue. Mucociliary
transit time (MTT; the time needed for a compound to be transported a certain distance
within the respiratory system), is used to assess the efficacy of mucociliary clearance.
Compared to healthy volunteers with mean MTT of 12.01 +/- 3.0 minutes, this time is sig-
nificantly prolonged in subjects with history of allergic rhinitis (15.5 +/- 3.5 minutes) and
heavy smokers (16.5 +/- 5.0 minutes) [19]. Similarly, it has been shown that patients with
a wide variety of diseases, ranging from septum deviations [20] to chronic sinusitis [21],
have prolonged MTT and that the restoration of mucociliary clearance is of significant
importance in treating the disease [22].

On the most basic level, MTT depends on the ciliary beat frequency (CBF). Wabnitz
et al. used nasal sprays with 0.9% and 3.0% sodium chloride on eight healthy volunteers,
having the mean baseline CBF of 9.6 Hz. While isotonic saline reduced the CBF first to 9.1
Hz (after 5 minutes) and 8.8 Hz (after one hour), use of 3.0% saline in-creased the CBF to
10.1 Hz before returning to near-baseline levels (9.2 Hz) at 60 minutes [23]. Similar results
were seen by monitoring another parameter — saccharine clearance time, which decreased
from median of 11.17 min to a median of 6.83 and 7.14 minutes after application of either
isotonic or hypertonic saline, respectively [24]. These results, which show a beneficiary
effect of hypertonic saline, but much smaller or completely absent effect of isotonic saline,
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are confirmed by other authors [25-28]. Same effects of hypertonic saline were shown for
mucociliary clearance in asthmatic patients [29], subjects with cystic fibrosis [30-32], chil-
dren with bronchiolitis [33] and healthy subjects [15]. On the molecular level, this effect
seems to be based on the upregulation by the hypertonic saline of the CLC-3, a chloride
channel that accounts for the transport of chloride ions in numerous tissues and plays a
fundamental role in transepithelial salt and water movement [34].

Besides mentioned mechanism based on physical and osmotic effects of the solution,
different ions contained in the seawater have a number of additional effects. These effects
are displayed in the Table 4.

Table 4. Mechanism of action of other constituents seawater [3,35.]

Constituent Action
Promotes cell repair and limits inflammation by reducing the eicosanoid
metabolism both at the level of the liberation of arachidonic acid and by
Mg direct inhibition of the 5-lipoxygenase enzyme,
Inhibits exocytosis from permeabilized eosinophils,

Reduces apoptosis of respiratory cells.

Acetylcholine and serotonin act as messengers, increasing calcium intake

in ciliated cells and thus regulating ciliary beat frequency and synchroni-
Ca2 zation,

Airflow promotes cell calcium intake and ciliary beat via shear-stress-in-
duced mechanotransduction.
Anti-inflammatory action,

K+
Promotes respiratory epithelium repair via the EGF/EGFR pathway.

Reduces mucous viscosity by acting as a buffer,

HCOs s o 1
’ Facilitates elimination by ciliary cells movement.

Mentioned findings show that, besides the immediate positive effect of the mechan-
ical cleaning of the mucosal surface, there is an additional and potentially more important
positive effect exerted through facilitating the physiological function of mucociliary
transport achieved by the saline solution of adequate osmolality. Additionally, other ions
contained in the solution show a wide range of beneficiary physiological effects on cellular
level.

4. Aspects of saline/seawater in human use

The Table 5 shows main safety and efficacy conclusions from clinical trials and in-
vitro studies, performed over more than 20 years. We searched MEDLINE, Scopus, Web
of Science and Cochrane databases to identify studies of interest. The aim was to identify
as much as possible relevant (especially clinical) studies. To achieve this, we used a broad
search strategy, including only basic keywords of “seawater” and “saline”. For example,
a MeSH search syntax was "Seawater"[Mesh] OR "Saline Solution"[Mesh] OR "Saline So-
lution, Hypertonic"[Mesh]. Considering that MeSH indexing takes some time, additional
PubMed search with same keywords was performed for the studies published over the
last three years. Additional studies were identified through Scopus and especially by fol-
lowing “Times Cited” links for the Web of Science results. After going through all the
identified studies, we focused on the ones that, in our opinion, contribute most to the un-
derstanding of safety and efficacy aspects of saline/seawater use in human medicine. Cov-
ered are studies with both seawater and saline solutions in wide range of osmolalities and
compositions. Safety and efficacy of these preparations will be shortly discussed here.

4.1. Safety

As it was already mentioned before, intranasal treatment with saline and sea-water
preparations in form of either drops, spray, nebulizer or irrigation is considered to be very
safe. Numerous studies, ranging from healthy individuals to infants and pregnant
women, prove this point beyond a reasonable doubt. In Table 5, in more than 60 studies
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covering the period of last 23 years, general side effects are rare while serious ones virtu-
ally non-existent. Moreover, one must take into account the fact that in most of the studies
subjects had at least one additional condition or diagnosis such as allergic rhinitis, rhi-
nosinusitis, postoperative status, asthma, bronchiolitis etc. Most of these conditions re-
quire additional therapy which in itself could be the reason for side effect(s) ascribed to
saline/seawater treatment. In the mentioned studies, in most cases adverse events are nei-
ther mentioned in the text of the papers or none were reported by study participants. In
cases where adverse events have been mentioned, these were in most cases:

Burning feeling in nose and throat. Some studies report incidence of this adverse
event to be rather high, so mild burning sensation was reported by majority (57% [29])
subjects in study by Kumar et al. In the same study, moderate burning was much less
pronounced, with only 19% subjects reporting this side effect. Also, the intensity of burn-
ing seemed to be correlated to osmolality of the preparation, with hypertonic preparations
causing more adverse events. Other studies report similar rated of burning among their
participants, so Shoseyov et al. [36] describe burning in 4 (of total of 34) paediatric subjects
with chronic sinusitis, with 3 taking hypertonic saline and one taking isotonic preparation
(note similar rate of adverse events between hypertonic and isotonic groups, as described
in the previous study). However, there are studies where this rate is inverse [37]. Other
studies mentioning burning as a side effect of saline/seawater therapy either fall within
incidence boundaries described above [38,39] or discuss burning as a side effect not af-
fecting subjects” participation in the study or study’s outcome [27,40-42].

Other adverse events were rare and include nasal drainage [40,43], epistaxis
[41,44,45], bitter taste in mouth [41], pain [46] and nose dryness [47].

4.2. Efficacy

The efficacy of saline/seawater solutions has been proven in numerous clinical trials
and studies, most of which are listed in the Tables 5 and 6. Efficacy has been proven in a
variety of populations, from pregnant women and children to adults with a wide range
of pathological conditions. Given that the attached list of publications speaks for itself, we
will concentrate on presenting the essential facts about a few of the most important indi-
cations.

4.2.1. Chronic sinusitis

By definition, chronic rhinosinusitis (CRS) is an inflammation of the paranasal si-
nuses seen in several percent of both paediatric and adult population [48]. The diagnosis
is based on the presence of at least 2 of 4 cardinal symptoms for at least 12 weeks and is
confirmed by physical examination and (if necessary) additional radiological methods.
Intranasal spray administration of corticosteroids is known to significantly improve
symptoms, and a similar consensus exists for nasal saline irrigation. The use of oral anti-
biotics may be indicated in cases of acute exacerbations of the disease, although this was
not corroborated in the recent Cochrane review on this topic [49]. Similar results have
been described by a group of Russian authors in children [50].

Papers listed in Tables 5 and 6 strongly confirm these findings. In paediatric popula-
tion Pham et al. [51] have shown that 6-week treatment is well tolerated in children and
is useful both as a first-line treatment for CRS and as an effective measure reducing the
need for surgery. Regarding tonicity, in another paediatric study, hypertonic solution was
shown to be comparable to the isotonic in terms of safety, although the number of adverse
events was higher in the hypertonic group [36].

Evidence of both safety and efficacy are, expectedly, more numerous in adult popu-
lation. Subjects treated with nasal saline used less antibiotics compared to the control
group [52] and hypertonic solution was reported as superior to the isotonic solution [53—-
55]. Other hypertonic saline preparations such as the Dead Sea salt have also been proven
as safe and effective in this indication [56]. While various application methods are used
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(mostly spray vs. low/large volume irrigation [43,57], the safety profile remains highly
favourable across the various studies.

4.2.2. Allergic rhinitis

Allergic rhinitis is an extremely common condition that is also commonly overlooked
in the diagnostic process, resulting in significant public health effects. Also, although it is
not a severe illness, allergic rhinitis can significantly complicate symptoms, diagnosis and
clinical course of other diseases [58].

Saline and specifically seawater preparations have been shown to be effective [59]
and safe [60] as both long-term [61] and short term [62] treatments and to reduce the need
for other commonly used treatment options such as antihistamines in children [63,64] and
pregnant women [65]. The same was proven for the use of nasal steroids [66,67] and sys-
temic drugs [68].

4.2.3. Other indications

Besides the two major indications listed above, there are numerous studies in other
indications, as well as in vitro studies [69] and those performed on healthy participants,
with latter serving primary as the proof of concept for safety and efficacy of nasal saline
and seawater treatments.

Different methods of saline penetration were tested using the Technetium-99 labelled
solution, with douching being the method with best penetration in the maxillary sinus
[70]. Positive effects of nasal irrigation were proven in healthy army conscripts [47], adult
subjects [14,23,71], and otherwise healthy subjects exposed to wood dust [44,72].

Regarding other indications, positive effects were described in paediatric patients
with viral bronchiolitis [73], bronchiolitis in the intensive care unit [74], acute sinusitis
[75], acute upper respiratory tract infections [76,77], chronic tonsilitis [78], cold and influ-
enza [41]. Similar studies exist in adult subjects [79,80], including pregnant women [45].
Studies on postsurgical beneficiary effects of saline solutions [37,81], retrospective studies
[82] as well as those based on questionnaires and surveys [42,83] seem to confirm all of
the above mentioned effects.

4.2.4. Place of saline/seawater preparations in COVID-19 pandemic

Finally, although it is too early to speculate on whether the use of saline/seawater
solutions has a place in preventing or reducing the symptoms of viral infections [84], a
recent publication with people infected with coronavirus [80] suggests that this could be
an interesting area of research in the near future. Also, there is a growing number of pa-
pers on this topic, suggesting potential positive effects of saline irrigations during the pan-
demic, both as preventive [86-88] and a treatment option [80]. A multidisciplinary group
of Belgian authors in their recent paper [89] propose a detailed hypothesized mechanism
of action of saline in coronavirus infections. The mechanism is quite similar to the one we
propose in the present article including, among others, wetting properties to the local tis-
sue, mucus gelling, and effects of the increased NaCl concentration on mucosa. Due to its
effects described earlier in this paper and elsewhere [90], if used early and as an add-on
therapy, locally applied saline/seawater solutions may represent an interesting and prom-
ising remedy for all viral infections, including SARS-CoV-2 [91].
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Table 5. Overview of safety and efficacy conclusions from studies with saline and/or saltwater.

Study

Design

Subjects

Intervention

Safety conclusions

Other remarks

Holmstrom,

1997 [44]

Cross-sec-
tional

45 healthy adults
exposed to wood
dust

Nasal lavage with
Rhinomer force 2,
four times a day,
every workday.

One increase in allergic
symptoms (with concomi-
tant local steroid). One an-
terior epistaxis and one
throat irritation.

At week 3, 88% subjects
wanted to continue treatment
and 3 weeks after stopping
treatment, 83% wished to start
the treatment again.

Shoseyov,
1998 [36]

RCT

34 children with
chronic sinusitis

Hypertonic  (3.5%)
vs. isotonic saline,
10 drops, three
times daily for 4
weeks.

Three subjects in hyper-
tonic and one in isotonic
group left study because
of the burning feeling in
the nose and throat.

Burning and itching was more
common in hypertonic group,
but only during the first 3 to 4
days. After that period, there
was no difference between the
groups.

Rabone, 1999

Crossover
trial with 1-

46 woodworkers
exposed to wood

Gravity fed, home-
made unbuffered

Generally safe, no notable

The group reported signifi-
cantly decreased nasal symp-
toms and over half of subjects

[72] year follow- dust isotonic saline for 2 adverse events. continued to use nasal lavage
up months. .
voluntarily after 1 year.
Traditional alkaline Allka?h.ne nasal douche had a
significant effect upon endo-
. .., nasal douche vs. a .
. 40 patients with . scopic appearances, whereas
Taccariello, . .. sterile sea water No adverse effects men- .
RCT chronic  rhinosi- . .. . the spray did not; conversely
1999 [91] o\ spray, in addition to tioned. . . .
nusitis their reeular treat- spray improved quality of life,
& whereas alkaline douche did
ment.
not.
ii?;gglcfrmsi:i;i?é A slight difference between
40 adults with pa- . . treatment with Ems salt solu-
Bachmann, . . sodium chloride so- No adverse events men- . . .
RCT ranasal sinus dis- . . . L tion and sodium chloride solu-
2000 [71] lution nasal irriga- tioned in either group. . . -
ease . . . tion, questionable clinical rele-
tion twice daily for
vance.
7 days.
Nasal saline irriga-
. 150 adults with tion with bulb sy- No significant adverse More than one-third of sub-
Heatley, 2001  Prospective . L o . .
[57] RCT chronic  rhinosi- ringe or irrigation events; comparable effi- jects reported using less con-
nusitis pot vs. placebo, cacy in all three groups. comitant medication.
daily for 2 weeks.
Nasal saline irriga- Ten side effects of which 8
. . . 8% \vere considered as “not Subjects treated with nasal sa-
76 adults with tion with 150 ml ', .. ., . . . . . e
Rabago, 2002 . . . significant” and 2 as sig- line used statistically signifi-
RCT acute or chronic daily per nostril for 2. . o
[52] o nificant but still were cantly less antibiotic com-
rhinosinusitis 6 months vs. no .. N,
highly satisfied” with the pared to control group.
treatment.
treatment.
Garavello, Prospec- 20 children with Hypertonic saline No patientslost to follow  Statistically significant de-
2003 [63] tive RCT allergic rhinitis in 10 subjects, no up and no adverse crease in use of oral antihista-
treatment in 10 events reported. mines in hypertonic saline
subjects; 2.5 ml in group.
each nostril three
times daily for 6
weeks.
Hypertonic (Si-
3 O,
;;(;rtr:)xlcrllsjli/geog 0 Conplainments of mild The effect of the hypertonic
Lee, 2003 RCT, 28 healthy adult ' prickling sensation after  solution is probably due to
. sprays of both . . . .
[27] crossover subjects preparations (on nasal douching with hy-  changes in mucus viscoelas-
different days) in pertonic seawater. tic properties.
the same nostril.
Case-con- 30 children with ~ “Aqua Maris” sea- Nasal drops in children  In subjects with bacterial rhi-
Chkhartish- trol open allergic rhinitis, ~ water solution, ei- up to 2 years of age were nosinusitis time to relief of
vili, 2004 [68] clinical acute and ther irrigation or2  well tolerated, with no symptoms in Aqua Maris
trial chronic bacterial  drops in nasal complication. No group was 7+3.2 days vs
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rhinosinusitis
and 30 children
in control group

cavity 3 times a
day from 2 to 4
weeks.

adverse effects men-
tioned for the irrigation

group.

10+2.4 days in control group.
In allergic rhinitis group
Aqua Maris reduced the use
of systemic drugs in 7 of 15
patients.

10-week nasal

There was a mean of 0.7 epi-

sr;lras}ggg Vlvclgl sodes of upper respiratory
Tano, 2004 Prospec- 108 healthy Py & . Two side effects of nose  tract infection during the
. . . saline twice daily, . .
[47] tive trial army conscripts dryness. spray period, compared with
followed by a 10- ; .
. 1.0 episodes during the ob-
week period of .
servation.
follow up.
The nasal cavity was well ir-
rigated three techniques
Nasal irrigation .(spray, nebghzahon, f:loullc.h—
. . ing). Douching was signifi-
Prospec- with normal saline .
Wormald, . . gy No adverse effects men-  cantly more effective in pen-
tive, cross- 12 adult subjects  containing Tech- . ; . .
2004 [70] . tioned. etrating the maxillary sinus
over study netium 99m sulfur
. and frontal recess. The sphe-
colloid . .
noid and frontal sinuses
were poorly irrigated by all
three techniques.
Prospec- Intr.anasal hyper- Active-treatments were su-

. tonic dead sea sa- . .
tive, ran- line sprav. in- perior to placebo, especially
domized, 15 patients with pray, Two subjects withdrew corticosteroids. Dead Sea sa-

Cordray, . . tranasal aqueous . L
single- seasonal allergic o for adverse events (un- line solution improved mu-
2005 [92] . o triamcinolone e .
blind, pla-  rhinitis known group). cociliary clearance while Mg
spray, placebo na- . -
cebo-con- . cation probably exerted anti-
sal saline spray for )
trolled inflammatory effects.
7 days.
Hypertonic saline
vs. no treatment; 3 Statistically significant de-
Garavello, Prospec- 44 children with  sprays (50 ul) in No adverse events in the  crease in use of oral antihis-
2005 [64] tive RCT allergic rhinitis each nostril three  treatment group. tamines in hypertonic saline
times daily for 7 group.
weeks.
Cells in the cul- mRNA for major airway mu-
Cell cultures of ~ tures were treated . .
. . . cins analysis and morpho-
fully differenti-  with pure water losic analvsis suceests that
Kim, 2005 In vitro ated passage-2 and with 0.3% . & Y 58 .
. o In vitro study. pure water damaged epithe-
[69] study normal human (hypotonic), 0.9% . :
A . . o lial cells and that only iso-
nasal epithelial (isotonic) and 3% . . .
. . tonic saline did not affect
cells (hypertonic) saline .
. their morphology.
solutions.
Atomized nasal douches sig-
Atomized nasal nificantly improved inspira-
Passali, 2005 ZQO pat1ents. douche, vs. nfisal No adverse effects men- tory and e>.<p1rat‘ory rhino-
RCT with acute viral ~ lavages with iso- . manometric resistance and
[79] S . . tioned.
rhinosinusitis tonic sodium chlo- nasal volumes and normal-
ride solution. ized mucociliary transport
time to a physiological level.
One application of Cell samples from subjects
four sprays of hy- receiving saline solutions.
. O\ . . :
Wabnitz, In-vitro 8 healthy adult Pertomc (30 /0? 5" No adverse effects men- The. adnpmstratlon.of hy.per
2005 [23] stud subiects line (one nostril) tioned tonic saline results in a sig-
| y ) and isotonic saline ' nificantly faster CBF 5
(another nostril) in minutes (but not 60 minutes)
all subjects. after administration.
Friedman, Random- 42 adults seek- Nasal irrigation No adverse effects men- ~ Both groups had significant
2006 [56] ized, ing treatment for using hypertonic tioned. improvement after



https://doi.org/10.20944/preprints202202.0313.v3

Preprints (www.preprints.org) | NOT PEER-REVIEWED | Posted: 21 March 2022

d0i:10.20944/preprints202202.0313.v3

prospec- chronic rhinosi-  dead sea salt solu- treatment. However, the
tive, dou-  nusitis tion with hyper- dead sea salt patients had
ble-blind tonic saline. significantly better symptom
study relief and showed improved
RQLQ(S) scores.
Semi struc-
;ueretd}; 112__ 28 subjects with zﬁfne:fid;;ssalsig;iin This is a well-tolerated, inex-
P! . frequent rhinosi- L Tnage, & pensive, effective, long-term
Rabago, 2006  terviews in i, Hypertonic saline  or irritation were noted .
nusitis and o . i . therapy that patients can use
[40] a 3-part, . nasal irrigation. but not identified as im- . . .
. chronic sinona- at home with minimal train-
multi sal symptoms portant enough to stop ing and follow-up
method ’ the treatment. '
study
Buffered physiological saline
80 adult patients 1 ml of physiolog-  Increased nasal burn- significantly affected nasal
Hauptman, . . P . ical or hypertonic  ing/irritation with hy- airway patency, whereas
RCT with rhinosinus- . . . .
2007 [38] itis saline to one nos-  pertonic compared to buffered hypertonic saline
tril. physiological saline. had no effect on nasal pa-
tency.
Prospec-
tive, ran- Repeated doses of ~ All participants toler- Clinically relevant reduction
domized, 96 infants with nebulized 3% hy-  ated therapy without ap- in length of stay to 2.6+/-1.9
Kuzik, 2007 double- viral bronchio.  Pertonic saline or  parent adverse effects days in hypertonic saline
[73] blinded, litis 0.9% normal sa- and were eventually dis- group, compared with 3.5+/-
controlled, line, in addition to  charged after achieving 2.9 days in the normal saline
multicen- routine therapy. full recovery. group.
ter trial
Forty-one subjects re- Nésal irrigations performe.d
L . with large volume and deliv-
. Irrigation with ported a total of 67 ad- . .
127 adults with ered with low positive pres-
. large volume and  verse effects. Posttreat- .
Pynnonen, Prospec- chronic nasal low positive pres-  ment nasal drainage was  SUFE are more effective than
2007 [43] tive RCT and sinus symp- P P & saline sprays for treatment of
sure or spray for 8  the most common ad- . .
toms . chronic nasal and sinus
weeks. verse effect (n = 14) in . .
each group symptoms in a community-
) based population.
Experimental
group with 64
subjects using Aqua Maris group showed
Aqua Maris sea- superior results in term of
Open-label
Karpova, 84 children with ~ water solution No adverse effects men-  odynophagia and dysphagia
arallel- ynophag yspaeg
2008 [78] prou trial chronic tonsilitis  and control group  tioned. severity and duration and
group using furacilin so- hyperaemia and infiltration
lution for 6-8 of the palatine arches.
courses of crypt
lavage.
Nasal saline irri-
gfm.o " dehvered At the second visit, only
via jet flow, fine o R
8.7% patients recorded .
spray or added to . The saline treatment was
. nasal wash complaints,
Prospec- . standard medica- . ... .. well tolerated. Most com-
. 401 children . and at the final visit, this . .
Slapak, 2008 tive RCT . . tion vs. standard o plaints appeared in the me-
. with cold or in- L dropped to 2.4%. The L
[41] in parallel medication alone. dium jet group and were as-
fluenza . . other reported com- . .
groups Applied 6 times . . sociated with the stronger
o plaints were burning,
daily in acute . flow of the wash.
. bitter taste and nose
phase and 3 times bleedin
daily for 12 weeks &
after.
Suslu, 2009 Prospec- 45 adult subjects Zﬁrfozlcffseefwdr;z; No dropouts, no adverse B:(fflerehi:itggz 15;1;2;3 burn-
[37] tive RCT after septoplasty p ’  events mentioned. group

buffered isotonic

ing VAS score when
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saline, unbuffered
isotonic saline; ir-
rigation six times
daily for 20 days.

compared with both buff-
ered hypertonic and non-
buffered isotonic saline solu-
tions.

Control, allergic
rhinitis, acute si-
nusitis and

chronic sinusitis

No patients lost to fol-
low up, and no serious

Nasal irrigation with iso-
tonic or hypertonic saline

Ural, 2009 Observa- 132 adult sub- . side effects or intoler- . .
roups received can improve mucociliar
[93] tional jects §roups ance necessitating cessa- prove m ary
two daily doses of . o clearance time in various na-
hypertonic (3%) or tion of irrigation re- sal pathologies
is};l’:onic nasal irri- ported. F e
gation for 10 days.
A nasal syringe
(10 mL saline so-
lution, 3 times Nasal irrigation with the La-
Gelardi, 2009 Randqm— 29 adult sub]e.cts daily for 14 days) No adverse effects men-  Vonase system. was found .to
[94] ized pilot with acute rhi- or the Lavonase tioned be more effective in reducing
study nosinusitis system (250 mL ' symptoms and decreasing
saline solution sac, nasal resistances.
twice daily for 14
days).
Saline irrigation,
steroid therapy, . . .
. . . . No subjects lost to fol- Saline use permits use of less
. 26 children with  saline+steroid . e 1
Li, 2009 [66] RCT o low up, no adverse topical steroids in this indi-
allergic rhinitis therapy groups; : . .
twice a day for 8 events in saline group. cation.
weeks.
Analysis showed that 86.7%
of respondents have used
the treatment as adjunctive
care for conditions including
e o
. 330 practicin, Saline nasal irriga- Respondents were not chronic rhm.o smu.sms. ©1 /0)'
Electronic p & & P acute bacterial rhinosinusitis
Rabago, 2009 . family physi- tion for upper res- ueried directly about S
y phy PP q y 9
[42] question- cians in Wiscon- ) . . (67%), seasonal allergic rhi-
. piratory condi perceived safety . o\ s
naire sin, US tions. profile of the treatment. nitis (66%), viral upper res-
’ piratory infection (59%),
other allergic rhinitis (48%),
irritant based congestion
(48%) and rhinitis of preg-
nancy (17%).
Seawater gel nasal
spray in 4-hour in- isticallv sionifi v de-
Cingi 100 adult sub- tervals, two Gel was well-tolerated Statistica y significantly de
ingi, 2010 Prospec- ) . . . . creased rating of nasal con-
. jects with aller- sprays per nostril, ~ with no side-effects oc- . .
[59] tive L L . gestion and discharge after
gic rhinitis from morning till ~ curring. .
. the 10 day regimen.
evening; for 10
days.
Isotonic vs hyper- . .
. . . Hypertonic solution was sta-
. 60 patients with  tonic seawater T R .
Culig, 2010 L . No adverse events were tistically significant superior
RCT chronic rhinosi-  spray solution, ap- . .
[53] .\ . . observed. to the isotonic for all symp-
nusitis plied 3-6 times
. toms.
daily.
Hormeting.  SyStematic No adverse events men- L0 oK e
meier 20{82 review and children/adoles- Different treat- tioned, however not all ommended as complemen-
meta-anal- ments. studies included safet . . ..
’ 1 dies included safety P
[60] . cent and 45 were tary therapy in allergic rhini-
ysis outcomes. .

pregnant

tis.
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Buffered hyper-
tonic (1.25%) sa-

One subjects in each

Satisfaction with nasal irri-

Satdhabudha, Prospec- 81 children with  line or isotonic sa-  study group experi- ation was comparable be-
2012 [95] tive RCT allergic rhinitis line; nasal irriga- enced nasal burning & P
. . . . . tween groups.
tion 2 times daily =~ during the first use.
for 4 weeks.
Dexpanthenol
50 adult subjects (Ma}r Plu.s) V8- 18507 Dropout rate was com- .
with chronic rhi- tonic saline nasal rable between groups Product containing seawater
Tantilipikorn, ~ Prospec- s sprays; 4 applica- para . T STOups. (Mar Plus) had better effi-
. nosinusitis after Three subjects in nasal
2012 [39] tive RCT endoscopic sur-  1ons weekly on saline group reported cacy and comparable safety
P 1st, 2nd, 4th and . group P to nasal saline.
gery . burning sensation.
6th postoperative
weeks.
None of the patients’
groups reported severe
Hypertonic (3.5%) burn%ng sensat%on. Mild . .
or isotonic nasal burning sensation was Hypertonic saline nasal solu-
o i i L
Kumar, 2013 50 subjects with  saline; 10 drops, rep.orted by 14.3% in 159 tion was more efflc.ac.lous,
RCT A . tonic group and 57.1% in  well tolerated and it im-
[54] chronic sinusitis ~ three times a day . . s
in both nostrils hypertonic group. Mod-  proved quality of life in pa-
for 4 weeks ’ erate burning sensation  tients.
' was reported by 19% of
patients in hypertonic
group.
Nasal irrigation and de-
creased nasal corticosteroids
Parallel Nasal irrigation, Fombination a'significant
Chen, 2014 design 61 children with  intranasal cortico-  No adverse events re- ;?gi?virsn:l?; ?Ssiynigzrris
[62] with 3 allergic rhinitis steroid, and com-  ported by subjects. &ns sn .
oUps bined treatment decrease in the mean eosino-
group ’ phile count in nasal secre-
tions were observed at week
12.
All groups showed an im-
Normal saline provement with treatment in
74 adult subjects . , 4 SNOT-20 scores and VAS
Low, 2014 . Ringer’s solution No adverse events men- .
RCT after endoscopic . . scores, as well as endoscopic
[81] . and hypertonic sa-  tioned. .
sinus surgery line orou evaluation of mucosa ap-
group- pearance over time but no
improvement of MCC.
About 40% of physicians ex-
98.3% of the participat- pressed doubts about paren-
. Question- . Nasal saline irri- L .. tal compliance mainly be-
Marchisio, . 860 primary care L ing physicians evaluated ik
naire sent . gation in pre- cause of a certain difficulty
2014 [83] : paediatricians : the treatment as effec- . . .
by e-mail school children. tive and safe in administration or the sup-
' posed invasiveness of the
procedure.
Large-volume
Prospec- low-pressure sa- Saline treatment signifi-
tive I::m_ line irrigation cantly improved QOL, with
Nguyen, 2014 blin,de d 40 subjects with  twice daily for 8 No adverse events re- no significant changes in na-
[67] sin le-a,rm allergic rhinitis weeks to the on- ported. sal flows, pattern use of na-
ilogt stud going regiment of sal steroids, or adverse
P y nasal corticoster- events.
oids.
Retrospec- 144 children 6 weeks of once The results of a long- Nasal irrigation is effective
Pham, 2014 tive cohort ~ with paediatric dailv nasal irriga.  erm (median of 48 as a first-line treatment for
[51] study and  chronic rhinosi- tiony & months) follow-upin54  paediatric chronic rhinosi-
Cross- nusitis ] participants show nusitis and subsequent nasal
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sectional treatment as safe and symptoms, and reduces
survey well-tolerated. need for FESS and CT imag-
ing.
E?z;/:rf:igaia There was no difference be-
. .p . No adverse events re- tween the two treatment
20 adult subjects  gel) vs. isotonic . .
Stoelzel, 2014 . o lated to the application ~ groups regarding the global
RCT with allergic rhi- seawater nasal ) oy e
[96] nitis spray; 2 sprays (2 of the investigational assessment of tolerability
xpo 1i’mL};in¥o product were recorded. provided by the investiga-
eac.h nostril tors or by the subjects.
There were significant im-
) provements in mean PRQLQ
ISI:ZE??]:LEZ?L and nPEFR values for the
svstemic antibi%t— irrigation compared to the
Prospec- >y . D . non-irrigation group. There
. S ics, mucolytics No significant side ef- A .
tive, pla- 60 atopic chil- . was no significant difference
Wang, 2014 . and nasal decon- fects were recorded in . . g 1
cebo-con- dren with acute . . . B in radiographic findings be-
[75] o gestants) withna-  the isotonic saline irriga- A
trolled sinusitis S . . tween the groups. The irriga-
sal irrigation with ~ tion group. . .
RCT normal tion group recorded signifi-
. cant improvements in eye
::;:tlfn‘;itsj:riard congestion, rhinorrhea, nasal
’ itching, sneezing, and cough
symptoms.
Hypertonic saline . .
Alvarez-Pue- cT 35 adults with (5%, administered = Treatments were well ﬁznﬁégj;ds?iﬁjﬂon; sa-
bla, 2015 [97] asthma by nebulizer) or tolerated. . . Y
mannitol. sputum induction.
Prospec- 109 children un-  Saline nasal drops No s1gmf1'cant difference be-
. tween saline and seawater
tive, ran- der 2 years of (0.9%), seawater .
Koksal, 2016 . . o No adverse events men-  groups in terms of nasal con-
domized age with acute nasal drops (2.3%) .. . o .
[76] . tioned. gestion but a significant dif-
double- upper respira- and control group
. . . . ference between the control
blind trial ~ tory infection (no treatment).
group and these two groups.
Inhaled 2.8% hypertonic sa-
RCT. open line in normal subjects was
Bennett, 2015 labell p 12 healthy Hypertonic saline; No adverse events men-  associated with a short-lived
[14] CI'OSS,-OVBI' adults 2.8% NaCl, 4 ml. tioned. acceleration of MC, predom-
inately in the central air-
ways.
Response (ciliary
beat frequency
Random- ::Oifgi};el;i Non-diluted seawater ob-
ized. con- Airway epithe- speed) of Eells t03 tains the best results on cili-
’ lial cells ob- speed) . ary beat frequency and
Bonnomet, trolled, . isotonic nasal irri- . .
- . tained from 13 . - In vitro study. wound repair speed vs nor-
2016 [13] blinded, in , gation solutions: . .
vitro nasal polyps’ ex- normal saline mal saline showing a delete-
plants o 1 rious effect on epithelial cell
study 0.9%; non-diluted function.
seawater; and 30%
diluted
seawater
Prospec- 2:;{(&5;?&?:}}: The treatment significantly
tive, con- isotonic seawater decreased the number of epi-
Grasso, 2018 trolie d 60 patients with nasal Sprayv en- No adverse events men-  sodes of acute allergic rhini-
[61] clinical allergic rhinitis riched Evi tﬁ man- tioned. tis and increased QOL with-
trial anese (4 out the adverse effects of the
f)u fs/day) standard care therapy.
Bergmann, Uncon- 136 patients Seawater nasal One adverse event re- Over the study period (mean
2019 [45] trolled, with disorders spray (2.7%). ported (epistaxis). 44 days) statistically
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prospec- of nose and pa- significant reductions in 10
tive, longi-  ranasal sinuses out of 12 symptoms was
tudinal CT  including 11 found. Only for parameters
pregnant “impairment of taste” and
women and one “impairment of food intake”
nursing mother no significant change in
symptoms was observed.
Rapid regression of symp-
. toms such as nasal conges-
Uncon- ghzl:::;;%ed 2 tion and snoring, a decrease
Bogomil'skii trolled, ac};te infectious in the amount of nasal dis-
20 189 7] y prospec- rhinitis (some Aqua Maris spray. None reported. charge by the 3rd day from
tive, longi- with viral the start of drug use and
tudinal CT comorbidity) normalization of the rhino-
y scopic findings by 5-7th day
of treatment.
In respiratory syncytial virus
104 children up positive patients, the use of
nebulised hypertonic saline
Stobbelaar, Retrospec- f/\(/)ifhys:;;(?}fi?fe Nebulised hyper-  No adverse events men-  was correlated with a de-
2019 [74] tive study litis in intensive tonic saline. tioned. crease in the duration of res-
care unit piratory support and the
length of stay by factors 0.72
and 0.81, respectively.
Prospec- 107 children . . . .
L L he-
tive, ran- aged 6 months pLCLZC;?;hi?ri na- Adverse effects occurred n;?g;;;?ﬁ:gjsgl sepray does
. domised, to 5 years sal spray or 0.9% 1n.28 " (.)f thqse who re- not reduce procedure-re-
Craig, 2019 controlled, planned to have sodium chloride ceived lidocaine and lated distress associated with
58] double- a nasogastric lacebo nasal phenylephrine and 42% nasogastric tube insertion in
blind, su- tube inserted in S rav. before na- of those who received oung children compared
periority emergency de- pray; bl . placebo. youns < P
trial partment sogastric insertion with saline.
Significantly lower total
symptom score during the
7th, 14th, 21st and the 28th
30 patients with Nasal discomforts were S:g;’;g:iﬁ;?ﬂf:f;;%iﬁm
Prospec- Aspirin-induced  Hypertonic (2.3%  detected in two patients dav. lower nasal obstruction
Peric, tive, ran- chronic rhinosi-  NaCl) sea water in hypertonic sea water fac}i,e/il ain/pressure, head- !
2019[55] domized nusitis undergo-  and isotonic 0.9%  group and in two pa- ache a}; d trguble sle,e o
study ing endoscopic NaCl. tients in the isotonic ping,
sinus surgery group and lower nasal mucosal oe-
' dema, nasal secretion and
nasal crusting in patients
treated by hypertonic sea
water.
Post-hoc The intervention The duration of illness was
ndar group used hyper- shorter in the intervention
zsai(;(; sis gf tonic saline at arm in the subset of patients
datayfrom 66 adults with home and per- infected with coronavirus
Ramalingam.  the Edin- or respira- formed nasal irri- (mean 5.6 vs. 8.1 days). The
2020 [8 O]g ’ bureh and ?OP;P tract Fi)n foc- gation and gar- None mentioned. difference in the duration of
Lo t}%ians tior}ll gling up to 12 blocked nose was -3.1 days,
Viral Inter- times/day. Control cough -3.3 days and hoarse-
vention arm participants ness of voice -2.9 days in fa-
Study did not use a spe- vour of hypertonic saline
cific treatment. treatment.
A 3D reconsti- Seawater prepara- Treatment did not compro-
Huang, 2021 In vitro tuted human na-  tion (Stérimar Na- In vitro stud mise the integrity of the na-
[99] sal epithelium sal Hygiene), tis- Y sal epithelium in vitro but

model, mixture

sue integrity via

was effective for removal of
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of human nasal
cells isolated
from 14 donors.

transepithelial
electrical re-
sistance was

foreign particles through
MCC increase and for en-

measured.

hancing wound repair on
nasal mucosa.

Non-drug sup-
portive treatment

Seawater group was statisti-

Multicen- 144 adult sub- vs. supportive cally significantly superior in
iang, 2021 tre retro- jects with upper  treatment and na- No adverse events re- terms of nasal congestion,
g ] pp g
[100] spective respiratory tract  sal irrigation with ~ ported. nasal discharge, sleep qual-
cohort trial  infections sea salt-derived ity and appetite, but not for
physiological sa- cough and fatigue.
line.
Table 6. Overview of review articles with saline and/or saltwater.
Study Design Indication(s) Intervention(s) Remarks
The procedure has been used safely by both
adults and children and has no documented se-
Rhinosinusitis, rious adverse effects. Trials indicate that pa-
Papsin, . allergic rhini- e . tients treated with nasal irrigation rely less on
Literature . Nasal irrigation as an adjunct o .
2003 . tis, postopera- other medications and that some postsurgical
review . . treatment . . . .
[101] tive irrigation, patients tend to require fewer visits to physi-
common cold cians. Both effects are likely to have desirable
economic consequences for patients and the
health care system.
. . Nasal irrigations are an important component
(Chronic)  si- . . . . . .
e Isotonic and hyperthonic saline, in the management of most sinonasal condi-
nusitis, sinona- . . . . o .
Brown, Literature sal conditions buffered/unbuffered  solutions, tions. Authors note on disparity of opinion
2004 . . " additives such as antibacterial or about the effects of irrigations on ciliary beat
review rhinitis, post- . . .-
[102] operative  ba antifungal agents, home recipes frequency and mucociliary clearance and con-
ti};nts P vs. manufactured solutions troversy concerning irrigation tonicity and the
use of additives to the irrigating solution.
Randomised controlled trials in Saline irrigations are well tolerated. Although
which saline was evaluated in minor side effects are common, the beneficial
Harvey, . . .. comparison with either no treat- effect of saline appears to outweigh these
Review Chronic sinusi- . L .
2007 (Cochrane)  tis ment, a placebo, as an adjunct to drawbacks for the majority of patients. The use
[103] other treatments or against treat- of topical saline could be included as a treat-
ments. The comparison of hyper- ment adjunct for the symptoms of chronic rhi-
tonic versus isotonic solutions. nosinusitis.
Three RCTs (618 participants) were included.
. . Most results showed no difference between na-
. RCTs comparing topical nasal sa- .
Kassel, . Upper respira- .. . sal saline treatment and control. However,
Review . line treatment to other interven- . . o
2010 tory tractinfec- . . . . there was limited evidence of benefit with na-
(Cochrane) . tions in adults and children with . . .
[104] tions clinicallv diaenosed acute URTIS sal saline irrigation in adults. Minor discomfort
yciag " was not uncommon and 40% of babies did not
tolerate nasal saline drops.
Current evidence suggests nebulized 3% saline
Zhan Nebulized hypertonic saline alone  may significantly reduce the length of hospital
2008 & Review Acute bronchi- or in conjunction with bronchodi- stay among infants hospitalized with non-se-
[105] (Cochrane)  olitis in infants  lators as an active intervention in  vere acute viral bronchiolitis and improve the

infants with acute bronchiolitis.

clinical severity score in both outpatient and
inpatient populations.
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Study

Design

Indication(s)

Intervention(s)

Remarks

Adappa,
2012
[106]

Literature
review

Rhinosinusitis

Saline irrigation (hypertonic vs.
physiologic), Saline spray, antibi-
otics, topical steroids, topical anti-
fungal treatment, anti IL-5 treat-
ment

Physiologic saline irrigation is beneficial in the
treatment of symptoms of CRS. Low-level evi-
dence supports the effectiveness of topical an-
tibiotics in the treatment of CRS. The use of
topical antifungals is not supported by the ma-
jority of studies. Intranasal steroids are benefi-
cial in the treatment of CRS with nasal polypo-
sis. There is insufficient evidence to demon-
strate a clear overall benefit for topical steroids
in CRS without nasal polyposis.

Chirico,
2014
[107]

Literature
review

Nasal conges-
tion in infants
and children

Nasal saline

The use of isotonic and hypertonic saline solu-
tions is a valuable non-pharmacological treat-
ment for nasal congestion in children, espe-
cially by improving mucociliary clearance and
reducing the use of medications (antihista-
mines, decongestants, antibiotics, corticoster-
oids) during the treatment of URTIs. They are
well tolerated and can be recommended for in-
fants.

Bastier,
2015 [35]

Overview of
randomized
clinical tri-
als

Different  si-
nonasal pa-
thologies and
postoperative
care

Different treatments compared to
nasal irrigation including rhino-
corticoids, antihistamines, buff-
ered, unbuffered, alkaline, hyper-
and isotonic saline

Large-volume low-pressure nasal irrigation
using undiluted seawater seems, in the present
state of knowledge, to be the most effective
protocol.

Chong,
2016 [49]

Review
(Cochrane)

Chronic  rhi-

nosinusitis

Studies with follow-up period of
at least three months comparing
saline delivered to the nose by any
means (douche, irrigation, drops,
spray or nebuliser) with placebo,
no treatment or other pharmaco-
logical interventions

The evidence suggests that there is no benefit
of a low-volume nebulised saline spray over
intranasal steroids. There is some benefit of
daily, large-volume (150 ml) saline irrigation
with a hypertonic solution when compared
with placebo.

Baron,
2016 [33]

Literature
review

Bronchiolitis in
infants

Hypertonic saline

Authors agree with the AAP guidelines re-
garding the use of nebulized hypertonic saline
to reduce bronchiolitis scores and length of
stay for infants with bronchiolitis who are ex-
pected to be hospitalized for more than 72
hours.

Madison,
2016
[108]

Literature
review

Allergic rhini-
tis in children

Nasal saline irrigation vs. intrana-
sal corticosteroids

Intranasal steroids are more effective than na-
sal saline alone to reduce symptoms of allergic
rhinitis in children. However, combination
therapy further improves symptom reduction.

Kanjana-
wasee,
2018
[109]

Systematic
search with
Ovid MED-
LINE, Sco-
pus, Pub-
Med and
Google

Scholar

Sinonasal dis-
eases, includ-
ing rhinitis and
rhinosinusitis

Hypertonic vs. isotonic saline

Nine studies (740 patients) were included. Hy-
pertonic nasal irrigation brought greater bene-
fits over isotonic in symptom reduction; how-
ever, no difference was shown in SNOT-20 im-
provement. Effects favouring hypertonic solu-
tion on symptoms were larger in patients with
rhinitis compared with rhinosinusitis; patients
under the age of 18 years; saline irrigation us-
ing high volume compared with low volume
and saline irrigation with hypertonicity of <3%
and hypertonicity of 3%-5% compared with
hypertonicity of >5%. No major adverse effects
were reported.
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Study Design Indication(s) Intervention(s) Remarks
Systematic Hype}"tonic saline treatment imPrO\./e.d pa-
. tients’ nasal symptom scores and significantly
review and . .
meta-anal lower rescue antihistamine use rate. Analyses
Li, 2019 . . y Allergic rhini- . . .. comparing hypertonic with isotonic saline na-
sis literature . . . Hypertonic saline nasal irrigation Lo .
[110] followin tis in children sal irrigation better nasal symptom scores in
5 hypertonic group, although the antihistamine
the PRISMA ..
- use and adverse effect rates were similar be-
guidelines
tween groups.
Saline nasal irrigation is recommended as an
adjunct therapy for common colds/rhinosinus-
Literature .. . itis, chronic sinusitis, allergic rhinitis and after
. . . Chronic sinusi-
King, review with .. . . nasal surgery. It appears to be safe and gener-
. tis, allergic rhi- Saline solutions, dependent on the .
2019 evidence for nitis acute  indication studied ally well tolerated, even for children. The use
[111] each of the URT,I of SNI has the potential to reduce the number
indications of antibiotic prescriptions for acute and chronic
sinus infections, and improve outcomes for pa-
tients.

5. Conclusions

Saline solutions eq Aqua Maris show numerous positive effects in clinical use in up-
per respiratory tract. These are mainly mechanical (cleaning of the mucosa) and related to
osmolality (oedema reduction and moisturizing of the epithelium). In our paper we pre-
sent a comprehensive body of evidence why sea-water is superior to saline for SNI in
general as well as for the wide variety of clinical indications such as infectious diseases of
the upper respiratory tract, allergic rhinitis, postoperative care etc. Due to its chemical
constituents such as magnesium, calcium, potassium, bicarbonate and other ions, sea-
water shows a range of additional chemical effects from promoting cell repair and reduc-
ing inflammation to reducing viscosity of the mucus and increasing ciliary beat frequency.
Numerous studies in URT patients, healthy volunteers, pregnant women, children and
elderly prove exceptionally good safety profile of seawater preparations. Side effects are
rare and consist mostly of burning feeling and nasal drainage, with serious adverse events
practically non-existent.

To the best of our knowledge, a scientifically proven consensus on the exact mecha-
nism of action of seawater in human upper respiratory tract does not exist. Therefore, and
based on the comprehensive literature search, we propose a mechanism of action that
considers all the different aspects of sea-water solution(s), from chemical composition to
pH and tonicity.
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