
My chapter is very basic. I will make some comments about nasal physiology, the 
nasal mucociliary clearance, the pollution of the upper airway in children, some 
nasal hygiene concepts, and what we use for nasal irrigations, and especially sea 
water nasal sprays. I will present the Canadian Pediatric multi-center study on the 
effect of the nasal irrigation on rhinosinusitis. 
The nose does not act only as a nasal passage. It is where the heat exchange 
occurs. The nasal function is to make the air conditioned towards 37oC. And 
this is done by thermoreceptors, which increase or decrease resistance, according 
to the inspired air. Thus if the atmospheric air is warm, the thermoreceptors 
decrease the nasal resistance and congestion, while in the atmospheric air is cold, 
the opposite occurs and the nasal resistance & congestion increases. 
Another function of the nose is where the humidification of the inspired air 
occurs. The air becomes 100% relative humidity when it reaches the lungs. This is 
performed by the nasal mucosa of the nasal turbinates, where the direction of the 
air behind the nasal valve becomes turbulent. This causes the air to have maximal 
contact to the warmer nasal mucosa of the turbinates where humidification of the 
air occurs. 
The nose is also the best filtration for inhaled particulate matter. First the large 
particles are filtrated by the vibrissae. But the most important is the nasal mucus 
blanket, with ciliary function, which traps the particles.
The mucus blanket (mucus) is made up of large glycoproteins (mucin), water and 
ions and immunoglobulins IgA, IgG, IgE and other inflammatory substances e.g. 
histamine, lysozymes and complements. The mucin is produced by the submucosal 
nasal glands and goblet cells. The mucus is made of two layers, a lower sol layer 
which is watery, and a gel layer viscous upper layer in which the tip of the cilia is 
embedded. And it is the cilia that makes this viscous layer to move. 
It is an excellent filter. Almost 100% of inspired particles larger than 4 microns 
are removed by the nose. And it acts as a first line of defense against bacteria 
& viral infections. IgA prevents adherence of bacteria & viral infection to the 
mucosa and bars their entry.
Airway hygiene depends largely on mucociliary clearance, which in turn depends 
upon the movement of this blanket, which depends on the ciliary appendages. We 
have the cilia relaxation and forward movement makes the mucus go forward. 
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And it goes in one direction, towards the nasopharynx, except in the anterior 
region in front of the inferior turbinates, where the transport is anterior.
The cilia can transport radio labeled particles at an average of 6mm per minute 
(range 1-20 mm/minute). So in ten to twenty minutes the nose gets rid of its 
inhaled particles.
If this fails, the first thing that happens is pooling of the secretions along the floor 
of the nasal cavity. And the persistence of microorganisms causes inflammation. 
This becomes chronic and damages the airway wall and up-regulates the mucus 
production, increasing secretions, thus causing chronic rhinosinusitis.
So what are the factors that affect ciliary action? 
As we know, bacteria and viral infection, the common colds, decrease the 
number of ciliated cells for two weeks, makes it not functional. You should never 
take biopsies for cilia in the first month after infection because it could be false 
positive. And chronic rhinosinusitis on top, causes viscosity of the mucus and that 
affects the ciliary function.
Another factor is the very specific primary ciliary dyskinesia (PCD), like the 
immotile cilia syndrome (Kartagener’s syndrome), in which the dynen arms are 
absent, and this makes them not move, or move abnormally. 
Patients with cystic fibrosis have thick tenacious mucus and polyps formation that 
does not help in the ciliary clearance. 
We have a major problem in Canada, from dryness, because our houses are heated 
during the winter. We also have large changes in temperature.
Very low saline solution <0.2% and also very high saline solution >5% will cause 
paralysis of the cilia. Cilia like to beat in a slightly alkaline media. Cilia will 
beat above pH 6.4 and will function in a slight alkaline fluid of pH >8.5 for 
long period. 
There is a great impact of the pollution on upper respiratory tract infections in 
children. Sulfur dioxide (smog), which is present in Los Angeles, Mexico City 
and, I am sure that also in São Paulo, pollution causes nasal congestion, with 
increases in both mast cells and lymphocytes in the nasal lavages. The important 
thing is that the antihistamine chlorpheniramine decreases this problem. 
Ozone exposure also causes nasal congestion, histamine, neutrophils and 
eosinophils and mononuclear cells release.
Formaldehyde was once a problem in Canada, because of insulation of houses. In 
high concentrations, it causes upper airway irritation, but it has no known long-
term effect.or wood burning and nitrogen dioxide we do not have any data about 
the effect on children. But the second-hand smoking causes increased risk of ear 
and viral infection. There was a very good study done in Mexico, by Dr. Meza 
Morales, in which he took three groups of children, in three different cities, and 
randomized them. The first was from Mexico City, with high pollution, the second 
one was in Tula, Hidalgo with moderate pollution and the other one was in a rural 
area in Contepec Michoacan. These children were randomly taken. He looked at 
nasal symptoms and found that nasal obstruction and itchiness and dryness was 
higher in Mexico City compared to the rural area. Even bilateral hypertrophic 
turbinates were higher in Mexico City than in the rural area. He took some nasal 
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biopsies and found that in Mexico City there was significant increase of squamous 
metaplasia and pseudoepitheliomatous changes. The study indicates that exposure 
of healthy children to different concentration of atmospheric pollution have a 
determinable effect that alters the morphology of the nasal respiratory epithelium 
on these nasal biopsies.
What do we know about nasal hygiene after saying all this?
We know of this practice in India, in Yoga, which has been practiced for thousands 
of years. In which through gravity and with the help of a Neti pot a saline solution 
goes to the nasopharynx and comes out through the other side. It is a very difficult 
thing to do in children. 
When do we use nasal hygiene? Any condition, as far as the nose is concerned. 
It prevents and treats acute and chronic rhinosinusitis, by causing relief of 
congestion and thinning of mucus. It prevents allergy, by washing out irritants 
from the nose. It cleans cigarette smoke, by washing it out.
The dry nasal mucosa is re-moistened. We can use it before medicated nasal 
spray because it allows it to be more effective, before topical cortico-steroid 
sprays. It is very effective in PCD and cystic fibrosis, and post-operatively, 
allowing to promote healing and avoid infection. 
So you can use it in every single condition. But there is very little consensus on 
what to use. 
There are many different types of nasal irrigation. There is different saline 
irrigations with different concentrations. From natural sea water solutions to 
the artificially made ones. Either isotonic saline, at 0.9%, or a slightly more 
hypertonic saline, at 3%. You can add additives, like bicarbonate, to make 
it more alkaline, to remove the stingy sensation of salt. You can even make it 
yourself. Mix half a tea spoon of uniodinized salt in an 8 ounce glass of warm 
water. You can add a pinch of bicarbonate (baking soda) to make it more alkaline. 
You can add aminoglycosides as a coadjuvant treatment of cystic fibrosis or 
vasoconstrictors to help congestion.
Most studies, however, support the use of isotonic solution of 0.9%. There are few 
studies showing good results with 3% mild hypertonic.
The importance of hypertonic saline is that it has strong mucolytic effect. It 
causes increased fluid transudate from the nasal mucosa. So it is useful in cystic 
fibrosis patients. However, hypertonic saline causes histamine release in 
allergic rhinitis cases. It releases substance P, which causes sometimes pain. And 
hypersaline, which is a bit higher in concentration (5%), can cause paralysis of the 
cilia. So there are disadvantages too.
There is a study done by Gravello and published in 2004, in which he took 
children with seasonal allergy to single antigen. He randomized them by equally 
to receive either no irrigation or three times mild hypersaline irrigation for the 
entire pollen season. He looked at daily rhinitis score, and the patients were 
allowed to use oral antihistamine. And he showed that the mean daily rhinitis 
score and the consumption of oral antihistamine were reduced with time and was 
statistically significant. That means, the ones who used the spray were better. How 
can we deliver the nasal irrigation? Well, you can make a cup with your hand and 
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squeeze it, but that is not very scientific, we can use a bulb syringe,–with blue bulb 
used for babies, nasal dropper for infants, larger squeeze bottles, metered nasal 
spray bottles. You can also give it with a ceramic Neti pot, as well you can give it 
with a water pick pulsatile delivery device, with special nasal adaptors (Grossan). 
You can give it with any other commercially available nebulizer. So there are 
different ways of giving it.
We tried to use at the Sterimar Sea Water Nasal Spray, produced in France, from 
St. Malo Bay, Britany, 15 miles from the coast, with a minimum depth of 5 meters. 
The solution was taken, filtered, sterilized, diluted to one-third making it isotonic. 
It has a specific nozzle, which fits babies and adults, and it gives a fine micro 
spray. 
The most important study was done by Traissac (1999), on this particular sea 
water solution. He found that it contains marine trace elements and minerals 
which aid in restoring the functions of the damaged mucus membranes of the nose. 
It has silver and zinc acting as antiseptic, copper acting as anti-inflammatory, 
and manganese acting as anti-allergic. Even one study shows that it reduces 
interleukin 8 production by activated human respiratory epithelial cells in vitro.
So, what did we do? We wanted to see if the sea-water effect was different form 
the artificially made solutions. So we had 7 Pediatric Institutions across Canada, 
from Halifax to Vancouver, in which each institution had to take an approval form 
the Institution Research Board. And then we had to take informed consent from 
the parent. We randomized them, double-blinded them – neither us nor the patient 
knew what they were taking –, and we placebo-controlled a total of 350 patients.
We took any patient who was in the pediatric age group (0-18 years old), with 
the diagnosis of rhinosinusitis, which is inflammation of the mucosa of the nose 
and sinus, regardless of etiology or duration. The exclusion criteria were any 
child receiving treatment with an oral or topical decongestant, or with serious 
underlying medical condition, like cystic fibrosis or PCD.
There were three arms. The first arm was the control number one. It was the 
artificial isotonic normal saline delivered with a squeeze bottle. For the second 
control we used the same artificial saline delivered by a special micro-fine 
patented spray bottle of Sterimar, to rule out that this delivery system was not 
the effect, or the improvement. The third one was the natural isotonic sea water 
solution delivered by the special micro-fine patented spray.
Three previously validated questionnaire were completed by the patients / parents, 
on the first day of enrollment. They took another form home, to record the daily 
scores. They came back after one month and were examined. They took another 
form home record weekly scoring during the second and third months. They 
returned back after three month for the last examination.
The daily rhinitis score, scale 1 to 5, was based on nasal congestion, sneezing, 
rhinorrhea and itching. If they had had any previous sprays, they would 
compare them. 
Similarly, the physician examined and completed the assessment three times. At 
enrollment, one month and three months later. 
The physician looked at the etiology and duration of rhinosinusitis, he looked at 
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the characteristics of nasal discharge, the amount, the crusting, obstructive nasal 
septum and the degree of swelling of inferior turbinate.
After 65 patients, we opened the protocol to see if it is working or not. And we 
found that there is definite improvement between group 3 and group 1. These 
people use the spray more, and their daily scores are better. There was minimal 
adverse effect of transient nasal irritation in all groups, there were no major side-
effects. However, it is too early for conclusion on the data.
So, in conclusion, nasal hygiene is a simple technique that should be used more 
frequently as the nasal passages are considered to be the doorway for most 
respiratory illnesses.
Although the data is too early, it seems that “nature sea water nasal spray” has 
a better clinical outcome than normal saline sprays, probably due to its marine 
trace elements and minerals.
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