
Robin Cotton

Innovative Therapies in Surgical Treatment of the 
Pediatric Airway 

Based on a Teleconference October 21st, 2007

I was born in England, and spent half of my life in England, and went to medical 
school in England.  Then I went to Canada, which is where I did most of my ENT 
training, and I completed my ENT training in the United States, where I settled. 
I work in Cincinnati Children’s Hospital. Cincinnati is a rather small city, with 
half a million people.  The entire population here is about 2 million, much smaller 
than São Paulo. Children’s Hospital Medical Center is intimately associated with 
the University.  We pretty much share the same campus as the University and 
the University Hospital. I am one of eleven faculty members here devoted to 
pediatric otolaryngology.  Four of us do a lot of surgery on the airway; three of us 
do a lot of implants and cochlear implants; and three of the faculties do a lot of 
research as well.
So how did we get to where we are in airway surgery? I am going to discuss 
some new therapies, and where I think we are going in the next ten years, so I 
need to discuss how we got here in the first place. A couple of years ago, when 
I was visiting Germany, I saw this photograph of a child with a tracheotomy in 
place. In those days, at the turn of the last century, tracheotomy in children was 
basically done because they had diphtheria, tuberculosis, or another disease of the 
larynx causing scarring. I noticed a little Plexiglas “wall” between the child and 
the examiners,  who did not want to be coughed upon and have diphtheria bacilli 
thrown into their faces. 
In the United States, Chevalier Jackson, in the early nineteen hundreds, was really 
the founder of bronchoesophagology, tracheotomy, removal of foreign bodies, 
and laryngology.  In truth, the technique of tracheotomy that we do today is 
founded on his school, and differs only marginally from his teaching on how to 
do tracheotomy.
 Rethi in Budapest, in Hungary, was the first person to divide the posterior plate 
of the cricoid in an attempt to widen the airway. I think he visited a Russian 
physician in 1920, where he had some discussions on this, but Rethi was the first 
person to publish widely on posterior cricoid plate division. 
Today’s issues with young children started really in the mid-1960’s with McDonald 
and Stocks, at the Children’s Hospital in Melbourne, Australia. One was a 
pediatrician, and one was an anesthesiologist, and they pioneered nasal-tracheal 
intubation for very small premature infants, to allow their lungs to develop, so 
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they could survive. It was as the result of young children being intubated for a 
long period of time that we were brought the new disease of subglottic stenosis, 
requiring tracheotomy in children, to become  evident in 1966.  This was the time 
that I was at the University of Toronto, and the Children’s Hospital, seeing these 
children with tracheotomies and badly scarred larynxes, with  very little chance of 
getting the tracheotomy tube out without some form of surgical procedure.  
Dr. Evans, who was my colleague in London and was one of the pioneers of 
laryngotracheal surgery, published his technique laryngotracheaoplasty to 
widen the anterior portion of a larynx that had been narrowed because of 
subglottic stenosis.
Then, the Verwoerds, in Holland, for twenty years have extensively studied the 
pathology of subglottic stenosis in children who have had trauma from intuba-
tion. And as I mentioned, my personal interest in this came at a time when I 
was a resident at the Sick Children’s Hospital in Toronto.  All these children had 
tracheotomies, and  kids on the “trach ward” were kept in the hospital for a long 
time, without the possibility of having them go  home as easily as we do now.  I 
became very interested in how we could rehabilitate these children and get the 
tracheotomy tube out. 
My mentor, Dr. Fearon, and myself, worked with African green monkeys, 
chosen because they were about the same size as an infant child and  with 
similar anatomy. We did a variety of experiments in 1971 and 1972,  in order 
to try to enlarge the larynx of these monkeys, and found that cartilage-graft was 
probably the best way to go.  I was a big advocate of the costal cartilage graft 
(taken from the rib) into the anterior portion of the larynx in order to enlarge the 
airway. The perichondrium would go on the inside surface, to allow the mucosa 
to heal and to allow the cartilage to pick up blood supply from the overlying 
muscles so the cartilage would survive. We still use the costal cartilage graft the 
most.  For very young children,  we can use the thyroid ala, and occasionally we 
use ear cartilage. 
In my early years at Children’s Hospital here in Cincinnati, we just did a few of 
these procedures, but by the mid-eighties we were doing about 35 to 40 procedures 
a year. And now, because we are a major center for this, we are doing something 
like 150 procedures a year. Most of them are still costal cartilage graft procedures. 
For every one cricotracheal resection, we  do nine costal cartilage grafts.
So the innovative therapies I wanted to discuss with you today come under 
categories of: (1) a team approach; (2) cricotracheal resection;  (3) flexible 
bronchoscopy; (4) evaluation for reflux; (5) diagnosis of eosinophilic 
esophagitis, a disease that we see quite extensively in the United States; (6) 
balloon dilation as a method of managing stenosis; (7) slide tracheoplasty; for 
complete tracheal rings (8) looking at pediatric voice assessment;  (9) value of 
pharmacological agents; and finally a return of the wheel to (10) endoscopic 
methods of handling various lesions in the upper airway.
1- Team approach
A few years ago we put together what we call the aerodigestive and sleep 
center, where we as a team—an interdisciplinary service: primarily nursing, 
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otolaryngology, pulmonology, GI, and surgery–with the other support systems 
in the hospital get together on a weekly basis for an hour, to discuss the patients. 
Then we take the patients who have tracheotomies and G tubes to the OR 
(operating room), and the three of us, the three services together–otolaryngology, 
pulmonology, and gastroenterology–scope the children together.  Then we come 
up with a plan that we present to the family for these rather complex patients.  
These patients obviously come from far and wide for these services. 
Nurses are a big part of this. These are nurse practitioners, who form the basis of 
this team and function as case managers.  Without nurses’ help, this program could 
not exist. We wanted to implement a program such as this to be efficient in the 
evaluation and treatment of these children, to maximize their well-being and get 
good outcomes, and to exceed parents’ expectations of the medical system that we 
have in place right now.  Focus is on the patient and on the family. We horizontally 
integrated between the services, and we collaborate together extensively, so that 
we can focus our attention on these difficult-to-manage patients. 
2- Cricotracheal resection
The cricotracheal resection is an operation that has come to stay. It was originally 
done by John Conley in the 1950’s, in the United States, for a woman who had 
sarcoma of the cricoid. It was then popularized again by Bryce and Pearson–Bryce 
was my chairman of the ENT department in Toronto, when I was a resident, and 
Pearson was a thoracic surgeon there. So I was exposed to cricotracheal resections 
in the 70’s, when I was a resident. Then we really owe it to Phillipe Monnier, in 
Lausanne, Switzerland, who really popularized it in children in the early 1990’s. 
The concept is really to remove the “diseased” or damaged segments of the 
laryngotracheal airway, connect the two healthy ends together (superior and 
inferior segments of the airway), and achieve decannulation.  In our hands, 
indications ideally are pretty well that all grade III and IV stenoses are handled 
by cricotracheal resection. It can be used as a salvage procedure after previous 
surgery on the airway.  We do it for congenital anomalies of the cricoid or upper 
trachea.  We do it when the subglottis is structurally inadequate–the cartilage has 
disappeared, the cartilage-support has disappeared, and we just have fibrous tissue 
to operate.  It is a good operation for inflammatory diseases such as Wegener’s, 
when the disease is in quiescence. It's difficult-to-do if the  stenosis involves the 
chords.  You have to be careful when the child has had previous low tracheal 
surgery, including low TEF repair or laryngeal cleft repair, because it might be 
difficult to mobilize the trachea, to mobilize the lower end to come up and meet 
the upper end.  But these are all relative contraindications.
So CTR is an  ideal procedure for severe subglottic stenosis, and salvage of 
subglottic stenosis is complementary to LTR (laryngotracheal resection).  It is a 
challenging operation in children.  There is probably a learning curve of five to six 
procedures before a surgeon feels comfortable with it.  And there is a change in 
the patient’s voice which must be discussed with the parents, but it is very often a 
good change because the patient goes from stenosis, which is no voice, to having 
a voice that can be understood.
A couple of years ago we reviewed the first hundred cases we had done in children.  
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We had good data on 93, of whom 27 required more than one open procedure, and 
at that time all but six could be decannulated. When you consider that these were 
really mostly the worst of the worst–grade III’s, grade IV’s and “salvage” means 
that they had been operated before–you can see that this is a pretty good record. 
3- Flexible bronchoscopy
Another issue I’d like to discuss is the advantages of flexible scopes. We use 
flexible scopes when we evaluate our patients, as well as using rigid bronchoscopy, 
and I can’t recommend too much that you consider doing them both at the same 
time.  The advantage of using flexible scopes is that it evaluates pharyngomalacia, 
base-of-tongue collapse, and  you get further out into the airway (certainly it is 
the only way you can evaluate airways in children with impossible anatomy), it 
is good for patients with artificial airways, scopes follow the natural airway with 
minimal anatomic distortion, and if you are looking for signs of aspiration then 
you can do a broncheo-alveolo lavage (BAL) and suctioning.  So we use this in 
addition to rigid bronchoscopy, so that pretty much every child who comes for 
an airway evaluation, we will use rigid and flexible endoscopy to get a good 
assessment of what is going on.
4- Evaluation for reflux
I am a big believer in treating reflux disease in the pediatric patient.  The 
idea of doing surgery and having acid reflux bathing my surgical repair is not 
very attractive to me. We have to think about not only gastroesophageal reflux, 
we have to think about extraesophageal reflux disease, reflux of contents in the 
hypopharynx, tracheobronchial tree, oropharynx, and the nose. It is pathological 
if on biopsy there is evidence of inflammation. 
There are a variety of ways of diagnosing reflux. We really use two methods 
now.  One of them is endoscopy with biopsy, and the other is intraluminal 
impedance, which is really replacing pH-probe monitoring. The impedance is 
actually a counter: it counts the number of times the reflux occurs, and it can tell 
you whether it is acid or alkali if you have a pH-probe attached to it. It detects 
the direction of the refluxate and the height of the refluxate.  But it is indeed 
pretty well a counter, to tell you what is going on. It can be somewhat expensive.  
Availability is somewhat limited, but I think in the next decade or in the next five 
years even, this will be the procedure of choice for diagnosing reflux.
5- Eosinophilic esophagitis
In this country (the United States) we see a number of cases of eosinophilic 
esophagitis, and I am aware that this is not very seen in, or diagnosed in, other 
countries to the same extent. It really parallels the fact that in this country, in the last 
twenty years, the incidence of croup has gone down while the incidence of asthma 
has significantly increased. And I think that whatever environmental factor of risk 
there is, this goes along with the parallel increase in asthma that we have had. 
It is  clinically somewhat different. Endoscopically you can see rings (this is called 
trachealization of the esophagus), and you can see furrows with white granular 
material and white exudate.  Histopathologically, there are many eosinophils in 
the epithelial layer. This is different from reflux.  It can coexist with reflux, but it 
needs to be treated differently. And the reason why I think it must be recognized 
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is that before I recognized it we did have failures in laryngotracheal surgery, and 
when this was diagnosed and treated, subsequent procedures led to a successful 
decannulation. So if I see eosinophilic esophagitis and diagnose it, I want it to be 
treated successfully for about six months before I proceed with a procedure on 
the airway. 
6- Balloon dilation
I would like to talk to you a bit about using balloon dilation, which can be used 
in the nasopharynx, oropharynx, larynx, and trachea as well as in the esophagus. 
It is more advantageous than traditional approaches to dilation, because only a 
radial force is applied, and you get a more effective diameter of dilation.  We have 
done a number of balloon dilations since we started doing it, about six or seven 
years ago. Here you can see the principal tool used in management of subglottic 
stenosis, best for the smaller grade stenoses, ideally a thin web.  You can put the 
balloon in there, and you choose the size of the balloon appropriately for the size 
of the airway. And you can use lasers or mitomycin C as an adjunctive. 
You see, in my presentation I really don’t much mention the use of lasers, 
because we have reduced our use of the laser in airways very considerably. And 
we basically use the CO2 laser for laryngeal papillomas, and maybe use a YAG 
laser down over the fibers of the bronchoscope.  Those are about the only two 
indications that we have for the use of lasers now.
So, an example of balloon dilation: a 12-year-old boy with an endotracheal cuff 
injury following a car accident, with a tracheal resection, really had a recurrence 
of stenosis with a 3.5 airway–pretty small for a 12-year-old boy. We dilated it with 
a 10 mm balloon, at 17 atmospheres. We left it in for about two minutes, to allow 
the dilation to occur. Then we re-dilated 10mm with the tracheal tube, through 
there now, so we could ventilate him at the same time. And then, we can balloon 
dilate him again.  So he has required four dilations, one mitomycin C, and he is 
really asymptomatic right now, and has been for the last 12 months.
So, balloon dilation has distinct uses and some advantages over other methods 
of dilation. It can be useful adjuvant therapy, particularly for early post-operative 
management of free tissue and early stenosis recurring after a surgery, and you can 
use it with other modalities, such as mitomycin C.
7- Slide tracheoplasty
A few words about complete tracheal rings.  This is an ideal case for a tracheal 
slide. You have a long segment of stenosis, you have normal-looking bronchi, 
and that is ideal for this sort of procedure.  I’ve been around long enough to have 
done most of the different ways of handling tracheal rings: anterior cartilage 
graft, pericardial patch, resections, tracheoplasty using autologous trachea–and 
we also have a group of children–about half of the ones we see–who don’t need 
a procedure, as they will just grow as time goes by.  We see them at two ages.  
We see them when they are very young, with very few months of life, with very 
severe breathing issues. Then we see them at age three or four, when the airway is 
certainly not growing with the child, and they are running with recurrent airway 
issues and recurrent infections.
So now we have gone pretty well exclusively with the slide tracheoplasty, for 
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the last few years. And this has been a watershed event in our management of 
complete tracheal rings. I compare it in my lifetime to a fenestration operation for 
otosclerosis and stapedectomy–which is a much improved procedure.
The concept is: you divide the trachea in the stenosis horizontally, then you divide 
the anterior upper half anteriorly and the posterior half posteriorly and slide the 
two together. You double the width of the trachea, and you halve the length of it. 
So this is a good operation for young children, though not a very good operation 
for old adults, who don’t have the mobility that children have.  So, currently this 
is our first line of intervention.  It oversizes the trachea, in one long oblique suture 
line with less risk of adherence.
So, we have  39 alive children and four deaths.  Those were not due to the 
procedure itself. Those were moribund children, children who died of other issues, 
post-operatively, or who had very bad hearts. At least half of the children had 
severe heart problems at the time, which had to be fixed at the time of the slide 
tracheoplasty. Thirty-two of the 39 are alive and asymptomatic; two are minimally 
symptomatic, and one required a revisional surgery. We are happy with these 
results, and it is an operation we will continue to use for quite some time. 
8- Pediatric voice assessment
When we talk about quality of life, I used to think that getting the tracheotomy 
tube out was the big thing.  It is the big thing. It really changes the lives of the 
children and the parents. But we are more and more concerned with developing 
laryngeal techniques where we can keep the voice as normal as possible.  
But we don’t really know what is the normal pediatric voice. There has been 
a lot of work on the adult voice. Now we are trying to get the impetus from our 
adult colleagues to apply similar sorts of techniques to study the pediatric voice. 
What tools can be used to measure the pediatric voice? What are the etiologies 
of abnormal pediatric voice? Well, for us it is mainly the scarring following the 
tracheal tube or the surgery that we have done. 
But how can we go about correcting the problem? When you look at post- 
laryngotracheal voice problems, only 14% used true vocal chords. Some were 
using ventricular fold phonation, and the arytenoid was contributing to the voice 
as well. We are now looking at most of our children, four years and older, who 
can tolerate a voice examination pre-operatively and post-operatively, so that we 
can correlate that with surgical techniques.  
But we also need to look at the pathology we are dealing with in the first 
place, and we are looking at it in two different ways.  We want to know the 
normal understanding of how the voice works.  We are all familiar, I think, with 
vocal chord histology. We studied it in a cadaveric dog, demonstrating the 
mucosal wave. 
One of my colleagues is  working at the engineering school here in Cincinnati, 
studying ways of looking at how voicing occurs. Characteristics of airflow 
through an artificial larynx, simulating abduction and adduction, were studied.  
These colleagues worked on computer reconstructions and could “put” stenosis 
in various places, to see how it may affect the voice. So  I think a combination of 
laryngology and engineering will be able to provide us more information on what 
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causes the abnormal voice, and how can we model to get better voices. 
9- Value of pharmacological agents
Use of pharmacological agents (like mitomycin C and 5-fluororacil) to mitigate 
stenosis of the airway is in its infancy.  I think these are like antibiotics in the 40’s 
when streptomycin first came in, and then how antibiotics evolved in the next fifty 
years. I can see pharmacological agents evolving over the next decade or so, to 
improve wound-healing and to prevent granulation tissue.  Certainly, mitomycin C 
is well entrenched in our tools, and the bottom line is that  mitomycin C is a safe 
adjunctive therapy for reconstruction of the airway.  But the efficacy of the drug 
is not clearly defined–what is the dose we want to use? how long to use it?–and 
more studies are needed on this issue.
10- Endoscopic methods
I think we are returning now to more endoscopic surgery.  We have better 
equipment, innovative techniques, there are more adjunctive therapies. And I am 
thinking laryngeal cleft repair–certainly type 1 and some type 2 clefts–can 
be handled endoscopically now, instead of opening the larynx. Laryngeal 
web repair, I think can be handled very well endoscopically, as opposed to 
externally, which was my preferred method a decade ago. Repair of a T-fistula 
(TEF) can be done endoscopically in some children with the use of fibrin glues.  
Recently, we had a child with a symptomatic tracheal pouch following repair of a 
fistula. The kid had a lot of problems with pneumonia, with the pouch filling with 
secretions. You can take endoscopic tools to find the pouch, to open the pouch. We 
can use endoscopic intervention for replacement of a suprastomal stent as opposed 
to opening the neck. And though I have no experience with it personally, the group 
in Seattle are reporting posterior costal cartilage grafts endoscopically. So I think 
in the next five to ten years there will be increasing endoscopic intervention as 
opposed to open procedures.  
We have better equipment.  The adult Parson’s suspension laryngoscopes 
have really helped us, the balloon dilators I referred to, the micro-debriders 
(another endoscopic instrument of great interest)–we use that quite extensively 
for papillomas, granulation tissue, cystic hygroma in the airway.  I think a lot 
of work can be done with micro-debriders.  And a fair number of laparoscopic 
instruments our pediatric colleagues are using we can use in the airway too.  
Concerning adjunctive techniques, we have mentioned briefly balloon dilation, 
steroid injection, and mitomycin C.  
So what are the future trends? What steps should be taken in the next 5 to 10 years 
to advance the field of reconstruction of the airway?  Are there other ways to treat 
anatomical anomalies of the aerodigestive tract? So what do I see for the next 5 to 
10 years?  I have got some comments.
First is a better understanding of the pathology.  Second is a better understanding 
of mucosal  wound-healing, which will lead in turn to better pharmacological 
agents. A lot of work is being done there, biological and bioengineered products to 
rebuild the cartilaginous airway.  There is work now on understanding the genetics 
of the upper airway, which will lead I think to genetic testing and maybe different 
forms of therapy.  So, the pathology of subglottic stenosis has been looked at quite 
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extensively, I mentioned, by the Verwoerds, as a group, and other colleagues.  
But we don’t have a good understanding of the pathology of the larynx in an 
intubated child.  We have a superficial description of it, we know about scarred 
tissue, we know about submucosal fibrosis, we know about granulation tissue, 
but in my mind we don’t know about how do the cricoarytenoid joints work, 
how are they  affected?  We don’t have a clear understanding of the arytenoid’s 
muscle–is that fibrosed or is that not fibrosed? So we have started looking at 
the cricoarytenoid joint: how does that function after intubation? We studied 11 
cadavers of intubated infants, and saw that when the duration of intubation was 
quite short the cricoarytenoid joints looked good. But if they were intubated much 
longer, they would get hemorrhage and fibrosis, which would lead to fixity of the 
cricoarytenoid  joint. 
Previously we have not attempted to mobilize the cricoarytenoid joint, but can 
mobilization techniques be used instead of dividing the posterior plate of the 
cricoid? Are there medications that can be applied to reduce the fibrosis of the 
cricoarytenoid joint, so that the joint does not become fixated secondary to 
intubation? We need to start looking at the thyroarytenoid muscle, to see the 
quality of the thyroarytenoid muscle and to see what we actually have to deal with 
when we have a child with a tracheotomy and pathology in the larynx, not only to 
get the tracheotomy tube out but to get a reasonable voice. 
Second, I think we need a better understanding of mucosal wound-healing. 
What are the chemical mediators of mucosal wound-healing? Are they different 
from those in epithelial wound-healing? Are there generic differences? And how 
can we modulate the pathways with drugs and chemicals to achieve efficient 
healing without excessive formation of scars?  Dohar, in Pittsburg, has done 
some interesting experiments, inducing subglottic injury in a rabbit model, and 
definitely found that the depth of injury and not the extent of the injury is the 
key to the pathology that is going to occur. So in acquired subglottic stenosis, the 
depth of the insult and not the extent of the insult is the key.  
Third, other investigations have looked at large mucosal defects that resulted 
in the formation of granulation tissue, fibrosis, and obstruction of the airway. 
How can we modulate this? What sorts of drugs are available to change this, 
so that even though the injury is occurring secondary to the endotracheal tube, 
the outcome may not be so bad?  So, we understand a lot of the modulators 
and the healing response. This is where the research needs to go in developing 
agents that can modify this healing response so that the granulation tissue is not 
such a problem.
One of such new pharmacological agents is halofuginone, a compound of low 
molecular weight. It inhibits synthesis of collagen type I and is an oral medication. 
Experiments have been done to give the drug orally, three days prior to and 
twenty-one days following induction of subglottic stenosis in animal models. As 
a result, the untreated control animals had a lot of subglottic stenosis, but those 
that received the drug had a pretty normal-sized airway despite the induction of 
subglottic stenosis.  There was a big difference between the controls and animals 
that had the halofuginone orally. So this is the start, I think, to looking for how we 
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can modulate the response of  subglottic repair to injury. 
The fourth area I think is going to be tissue-replacement, the use of 
hyaluronidase and collagenase enzymes, bone-morphogenetic protein, fibroblastic 
growth factors. All these can help to modify both the response and how we can 
rebuild airways.  In tissue-engineering, cells are removed from the human, mixed 
with a variety of growth factors in a culture, harvested, and re-implanted back into 
the donor. And there are several published reports of experiments in the last year 
or two, on reconstruction of the airway using these sorts of techniques.  Stem 
cells can be used. Scaffold cells can be used. The art is to mix the two together in 
the appropriate way to get the desired result for the tissue you want to rebuild—
whether it is cartilage or bone or trachea or larynx.  
And there are experiments that have been done largely by orthopedic colleagues 
who showed improved cartilage integration and interfacial strength after enzymatic 
treatment in a model of cartilage transplantation.  For instance, they have taken 
disks of cartilage out of a rabbit’s ear, treated it with various concentrations of 
collagenase and hyaluronidase for various periods. They replaced the disk and 
implanted the whole area back into the subcutaneous tissue of an athymic mouse, 
allowed some maturity to occur, and removed it. The strength of the interface 
between the disk removed and the original cartilage was studied. And a variety 
of experiments have been done showing that both hyaluronidase and collagenase 
will stimulate repair and get better strength at the site where the two have been 
integrated together. In a study using bone morphogenetic protein (BMP) for 
the repair of articular cartilage defects, one year after treatment with recombinant 
human bone morphogenetic  protein, there was a big difference between the 
control cartilage without the BMP and the cartilage treated with BMP.  So I do 
see this as a future where babies who are intubated with endotracheal tubes, 
I can see chemicals being placed in the endotracheal tubes to leach out into 
the airway, chemicals that will help decrease inflammatory response so that 
subglottic stenosis becomes less of an issue we have to deal with.  
Looking at congenital anomalies of the airway, we think of genetic testing and 
therapy. The genetic study of congenital airway anomalies is in its infancy. 
We know that velocardiofacial syndrome, for instance, has been well worked 
out with laryngeal webs, Down syndrome has been well worked out with small 
cricoids and very often they have complete tracheal rings, Pfeiffer syndrome is a 
mutation in fibroblastic growth factor and those patients have an abnormal trachea 
and complete sleeves of cartilage.  
The idea in understanding this is to be able predict who is susceptible to this. 
Not every child who has an endotracheal tube has subglottic stenosis. Can 
we predict those that will? And then can we treat those with the chemical 
modulators that I have been discussing? Prenatal diagnosis of congenital 
anomalies of the airway–will that allow us to restore developmental pathways?  
So, most of us were brought up–certainly I was–to understand embryology as 
descriptive, concerned with how things developed. Now we are going back further 
to what causes, what changes occur at the gene level, to make these occurrences 
occur? Why is cartilage laid down in the trachea and not in the esophagus? 
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What are the key genetic elements that pattern the three dimensional development 
of the upper aerodigestive tract? One of my colleagues here in Cincinnati, Dr. 
Elluru, is studying this particular problem at this stage. He is finding genes will 
affect the FGF factor, which will affect the collagen, which eventually is 
responsible for laying down the cartilage. The sort of experiment he is doing is 
in an embryonic mouse at 11 days of gestation and mice at 21 days of gestation, to 
see the expressioning for SOX9.  He is able to look at where the cartilage is going 
to be. So, he is looking at the very genes which allow the cartilage to develop. 
And he has some very exciting work on these various genes. 
Then, once you have this model, you can put a variety of chemicals in little beads 
and see what is going to modify these various growth factors. This is an early 
stage, to look at what sorts of factors we can control, maybe, in the development 
of the airway.  And it certainly looks, at this stage, that FGF18 promotes the 
differentiation of mesenchymal cells into chondrocytes. Then we can play with 
this to find out what goes wrong when we form complete tracheal rings, or what 
goes wrong to form tracheal fistulas, what goes wrong to form a cleft larynx.  So 
this is a basic understanding of the early genetics, and the early development 
of the airway, which I think lends promise to understanding why do these effects 
occur and then, can they be prevented by a variety of manipulations.
What does the future hold for us? Is subglottic stenosis a disease of the past? 
Well, in this country no, and I will tell you why.  Pre-term births, which are 
defined as deliveries at less than 37 completed weeks of gestation, occurred in 
more than 9.7% of all US singleton births during 1996.  It was 12.3% in 2003, 
so we are in this country delivering smaller babies more often than we did even 
a decade ago. Pre-term births are up 16% since 1990. The percentage of children 
born at low birth weight rose slightly in 2003 to the highest level reported since 
1970. And this is not always a reflection of the affluent compared to the poor. This 
goes across all economic levels. 
So, I think the disease will be with us for some time, at least in this country. 
The future is obviously with the surgeon-scientists, to develop new techniques. 
The future maybe looks like this: we can do our videoconferencing from Hawaii 
instead of staying home in Cincinnati.  We can use these techniques which we 
are able to use today.  The real future is in education and training of our young 
scientists, our young colleagues.  We have a Fellowship program, following 
residency. So, they come here to train for a couple of years, learn techniques, and 
go back to their home countries, hopefully not only to develop a clinical service 
but to develop research ideas on how we can develop the care of our children.  

I am really grateful for the opportunity to deliver this to the audience, long-
distance from Cincinnati to São Paulo (by teleconference). 

I am happy to have questions. 
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Question 1. 
Is there a place for stenting nowadays?
Dr. Cotton. 
Yes, we use stents post-surgery, normally for a relatively short period of time. 
These are endoscopic stents in the larynx. We use very few stents primarily. In the 
occasional child with bad bronchial malacia, we will put in stents. In the occasional 
child with tracheal malacia we will use stents. Actually, for tracheal malacia I do 
prefer a tracheotomy tube, a long tracheotomy tube down to the carina. 
I have taken out probably 10 to 15 times more stents than I put in. So I use them 
carefully.  I use them as a last resort. Remember, tracheal stents were brought 
in to be used as a last resort in adults who had cancer, had tumors which were 
obliterating the airway. So the use of a stent was palliative. In those cases when 
you had a big problem such as slippage or obstruction, then you at least bought 
some useful time. However, if the same sort of complication occurs in the child, 
who does not have a malignancy, who can live a life with a tracheotomy, then the 
complications become more significant. 
And I don’t feel as comfortable with stents as I would like to, at this point in time. 
So yes, there is a place, but as a last resort. We put a stent in a child last week who 
had bronchial malacia from  outside pressure. There was no other way to treat this 
child. So yes, there is a place. Do I use it a lot? No.

Question 2. 
 For which age are you using cricoid resection? Type 3, type 4?  
Dr. Cotton.
The youngest is about six months of age.  There is no younger age. Six months is 
the youngest one that we have done. 

Question 3, (from Mr. Peter Bull  from UK).
I hear you don’t use the CO2 laser for treating papillomas.  I’ve given up using 
the laser for some years now.  I’m using a micro-debrider. Would you care to 
comment? 
Dr. Cotton.
Right. I would say that is what we do too. I use the micro-debrider pretty 
consistently for papillomas. I may use the CO2 laser occasionally. Until three years 
ago I would use a lot of CO2 laser. It has gone increasingly downhill since then. 
I have one lady who swears she got a papilloma sitting into the trachea from the 
use of the shaver, and she made me promise just to use the CO2 laser, which I have 
done. I don’t think this has occurred to her, but she has shown me some pictures 
from another surgery which I think was probably mucous. But she said it was 
papillomas. But I would agree, a shaver is the number one tool for that now.

  


