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I am going to do some comments about nitric oxide and its possible use in rhinitis 
and rhinosinusitis.
What is nitric oxide? It is a gas, a colorless, odorless gas.
And you are all making nitric oxide (NO) as you are reading this Manual.
It is a final common mediator of many of the pathways in your body. It is 
regulating your blood-pressure, your CNS function and your renal function. And 
it has been around for 500 million years. 
It is a final common pathway of inflammation as well. Its immune functions 
include a toxicity to a wide variety of organisms and tumor cells. It is also a pro-
inflammatory molecule. 
It is made from arginine, from the amino-acid L-arginine, by enzymes called nitric 
oxide synthase – and there are a variety of these enzymes.
In the brain, and in your blood vessels, these enzymes are constantly working. 
They are present all the time, they are working all the time, and they are called 
constitutive, otherwise known as cNOS. In the immune system the enzymes can 
be switched on and off to regulate inflammation, and this is inducible nitric oxide 
synthase, or iNOS.
It is possible to measure nitric oxide. Until recently we were trying to look 
at products of it, such as nitrates in nasal secretions. And this is difficult and 
time-consuming. But we can now measure it in expired air, by a method called 
chemiluminescence. It is quick, it is repeatable, it is accurate, but at present it is 
expensive.
In my laboratory we were lucky, we managed to pick up a reject nitric oxide 
analyzer that was sitting around in a corridor. And we have been using it for a few 
years now, with some fairly interesting results.
From other workers we know that in the lungs, in the lower respiratory tract there 
is very little nitric oxide for most of the time. The levels are usually less than 20 
ppb. Unless there is inflammation. If there is inflammation i-NOS is switched on, 
nitric oxide is formed and the levels rise. It can be any kind of inflammation. 
In the upper airway, the situation is more complex. In the sinus, there is continuous 
production by an enzyme that is like i-NOS but that is permanently switched on. 
And sinus NO levels are millions of times higher, they are around 20 to 25 parts 
per million 1. And those levels can kill bacteria, viruses, fungi, tumor cells. This 
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is probably a part of the immune defense of our upper respiratory tract. And 
the nitric oxide of the sinuses will diffuse out of the osteo-meatal complex, and 
probably help sterilize your nose and naso-pharynx.
In the nasal lining itself, you also have a mechanism as in the lung, whereby in 
inflammation I-NOS is switched on and the nasal epithelium contributes some 
nitric oxide. So, in the upper airway you have two sources: you have the nasal 
epithelium producing fairly low levels, and the sinus, contributing major amounts, 
provided the osteomeatal complex is open.
So we have a situation whereby we can tell something if the levels in the nose are 
very high. What it tells is, if there is inflammation, and probably the osteomeatal 
complex is open. We also have some information from very low levels that 
probably the osteomeatal complex is not open, or we have a situation where not 
enough nitric oxide is being made, and that is probably primary ciliary dyskinesia 
(PCD).
I would like to look at the possible uses that may come in the future, by using 
nitric oxide: 1) is the differentiation of where the inflammation is actually 
occurring – between the upper and the lower respiratory tract. 2) It may be 
useful as a guide to inhaled cortico-steroid therapy in asthma,2 telling patients 
when they need to up their dose – or, in more real-life terms, when they need 
to take their inhalers. 3) It may be a useful guide to patency in osteomeatal 
complex, reducing the need for scans. 4) We can possibly use it to judge the 
response to therapy. And also it alerts us to probable PCD.
We know that if you measure lower respiratory tract nitric oxide – and that is 
called eNO, exhaled nitric oxide – it is raised in asthmatic children, with a mean 
of around 24, compared to levels of around 10 in normal ones.
And the level of nitric oxide correlates with the degree of inflammation, with the 
number of eosinophils in bronchial alveolar lavage, in washings from the lungs.
It is a useful, non-invasive measure of lower airways inflammation 2.
So in the coughing child, what we could do is examine both areas of the respiratory 
tract, listen for wheezing, check the peak flow. If we are still not sure why that 
child is coughing, if you measure the eNO, and it is normal in the chest, then it is 
unlikely that that child has got lower respiratory tract inflammation and you can 
go ahead and treat the nose.
However, if the eNO is raised, then you probably need to treat the chest. And 
you can use that eNO measure to judge the success of your treatment, of whether 
you are giving enough to completely ablate inflammation, which is probably the 
necessary step to stop airway remodeling in the lungs.
We like to have CT scans to judge whether the osteomeatal complex is patent 
or not. Whether we need to operate or do anything else. This can be very difficult 
to assess without an endoscope and sometimes even with an endoscope you can’t 
get a very good view. CT scans are expensive and you can’t keep doing them 
because of radiation to the eyes, and this is especially true in children. 
But we do know that nasal NO (nNO) correlates with CT changes – we have 
shown this in a recent paper 3 – and there are low levels where the osteomeatal 
complex is blocked. 
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Interestingly, if it is not a very severe blockage, if you hum you can increase nitric 
oxide coming out of your sinuses, so we should encourage all our children with 
chronic rhinosinusitis to go around humming. You can try a decongestant  – I 
suggest drops in the head upside down position and remeasure it. If it is still low, 
you can brief uses of steroids and betamethasone drops to take away the swelling, 
and get the child back and measure it again. And if it is still very low it is likely 
that they have got PCD or polyps, and then you can go ahead and check out both 
of those (PCD and cystic fibrosis). 
With significant nasal polyposis, the nitric oxide correlates to the grade of polyp. 
If grade 1 polyp is tucked away behind the middle turbinate the levels are higher 
than with grade 2, when they protrude beneath the middle turbinate level, and are 
higher still than grade 3, when they are filling most of the nose. So then again, the 
regression of polyp grade on therapy can be measured with nitric oxide levels.
Interestingly, if you treat allergic rhinitis with topical cortico-steroids the levels of 
nitric oxide due to nasal inflammation will come down 4. If you treat nasal polyps 
with steroids, the levels of nitric oxide go up, presumably because you are letting 
more nitric oxide out of the sinuses. 
Now, I mentioned that nasal NO is very low in PCD. T. Wodehouse has shown 
in her thesis that nasal biopsies lack inducible nitric oxide synthase in all PCD 
patients. Even those that don’t have any significant abnormality in their ciliary 
structure. 
We think, as do others 5 that nitric oxide levels are intimately linked to ciliary 
beating.
We have some recent data from a paper of ours, on treatment in rhinosinusitis. And 
what we have shown is that the change in nitric oxide is very well correlated with 
the improvement and the clearance time of the SCT (saccharine test) suggesting 
that nitric oxide is related to the ability of cilia to beat 3.
In that study we found that medical and surgical treatment of chronic sinusitis in 
adults improved not only the upper respiratory tract but also the lower respiratory 
tract symptoms and functions. And we have found that by treating the upper we 
actually reduced nitric oxide from the lower airways, i.e. treating the upper, helps 
the lower respiratory tract.
We have data from patients who were medically treatment, with rhinosinusitis as 
a whole, and patients with polyps, and rhinosinusitis without polyps. 
We were able to see the reduction of eNO lower respiratory tract nitric oxide 
coming down to normal levels after 6 months, and in fact reduced still further after 
12 months since we kept these patients under treatment.
We also have the surgery group. Similar data. CRS as a whole, polyp patients and 
non-polyp patients. No significant difference between them, except for the polyp 
patients, where the medical treatment was superior, especially at the 12-month 
level. 
So I hope that I have convinced you that fairly soon, once it becomes less 
expensive, we may be using nitric oxide as a measure of inflammation, just like a 
thermometer is used to measure temperature.
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