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Background: Chronic rhinitis with inferior turbinate hypertrophy is the most common cause of chronic nasal obstruction.

Pharmacological treatment, mainly consisting of corticosteroids, is largely inadequate and, therefore, in the last few years several

surgical techniques have been proposed (emptying, radiofrequency, cryotherapy, etc...). The aim of our work is to demonstrate

that surgical removal of the inferior turbinate mucosa with the microdebrider, along with the submucosal chorion, results in a full

restoration of mucosal physiological structure and function.

Methodology: Thirteen symptomatic adult patients were subjected to bilateral inferior partial turbinoplasty with the microdebri-

der. All patients underwent endoscopic examination, functional nasal tests and nasal mucosa biopsy before and after surgery.

Results: The sensitivity in open airspaces improved after nasal surgery, and the results of functional tests returned to within a

normal range. SEM examination confirmed that complete mucosal regeneration was within 4 months.

Conclusion: Total removal of the inferior turbinate mucosa with the microdebrider in patients suffering from hypertrophic chronic

rhinitis allows the perfect regeneration of physiological respiratory tissue and doesn't have a negative impact on healing time and

offsets any adverse postoperative event.
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Introduction

Chronic nasal obstruction is one of the most common respi-
ratory disorders in the rhinological practice. Epidemiological
studies estimate that more than 20% of the general population
presents chronic nasal obstruction caused by inferior turbinate
hypertrophy .

The general term “chronic hypertrophic rhinitis” is used to descri-
be turbinate enlargement and impaired nasal function resulting
in histological changes in conchal mucosa, such as squamous
metaplasia with loss of cilia, and/or sub-mucosa alterations,
such as fibrosis, goblet cell hyperplasia and dilation of venous
sinuses, due to vascular congestion 3.

Vasomotor or persistent allergic or pseudo-allergic rhinitis and
compensatory hypertrophy of the contralateral side to the

convexity of nasal septum deviation are the main non-infectious
causes of mucosal swelling of the inferior turbinates “*, What's
more, drug-induced rhinitis due to abuse of decongestant me-
dications, nasal trauma, and hormonal imbalances can lead to
turbinate enlargement 7,

In particular, vasomotor rhinitis, which is part of the non-allergic
strain ©®, is mainly characterized by prominent symptoms of
nasal obstruction, rhinorrhea and congestion, aggravated by
strong smells, alcohol, spicy foods, emotions, environmental
factors such as temperature, barometric pressure changes and
light stimuli ©.

Patients with vasomotor rhinitis can be divided into two sub-
groups: the “runners’, manifesting “wet” rhinorrhea, and “dry”
patients, who exhibit nasal obstruction, airflow resistance with
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minimal rhinorrhea ©. “Runners” rhinorrea is due to increased
cholinergic gland secretory activity, because autonomic stimu-
lation results in predominance of parasympathetic function
against a sympathetic one "9. A pathogenesis related to noci-
ceptive hyperexcitability with increased sensitivity to normally
subliminal stimuli has been hypothesized for “dry” patients’ nasal
obstruction ©.

In vasomotor rhinitis, the nasal mucosa epithelium is severely
damaged. In literature, a reduction in epithelial thickness and
disappearance of ciliated and goblet cells, the absence of tight
junctions, nasal mucus overproduction, inflammatory infiltra-
tion in lamina propria @, marked disruption of the intercellular
spaces and frequent basement membrane interruption ® can
be observed. The lack of mucociliary clearance, absence of tight
junctions, widening of intercellular spaces and discontinuity

of the basement membrane induce a reduction in epithelial
defense functions, so that environmental factors may directly
act on subepithelial structures. As a result, in the nasal respira-
tory mucosa an increased responsiveness of trigeminal afferent
fibers and secretory and vascular reflexes might occur represen-
ting the basis of symptoms ",

In literature, the therapy of hypertrophic forms is both medical
or surgical. A stepwise pharmacologic treatment with topical
corticosteroids is normally employed, basing it on the patient’s
predominant symptoms 2.

When conservative treatment fails, surgical reduction of the
inferior turbinate could be attempted. Various reduction
techniques have been applied, but each of them has possible
complications. The Empty Nose Syndrome with, paradoxically,
nasal obstruction could occur after total turbinectomy. Whereas
mono- or bipolar electrocautery, laser cauterization or cryothe-
rapy could create mucous necrosis, subsequent scarring, and
therefore, histological and functional nasal alterations. The mini-
mally-invasive techniques, such as turbinate bone sub-mucosal
excision, sub-mucosal diathermy, radiofrequency coblation and
high-frequency surgery have been recently proposed. After
creating a sub-mucosal access, they directly act by reducing

the thickness of turbinate stromal tissue, without damaging the
surface epithelium 3. Microdebrider treatment has been mainly
employed so farin turbinate sub-mucosal depletion, saving the
mucous layer as much as possible 417,

Each of these techniques was created with the intent of pre-
serving the turbinate mucosa in an attempt to not modify the
muco-ciliary function 24, However, preserving an histologi-
cally altered mucosa translates into maintaining an impaired
nasal function. However, the aim of surgery should instead be
to improve nasal function and simultaneously to expand nasal
breathing space.

This study describes our experience with microdebrider treat-
ment extending the resection to the mucous layer degenerated
by rhinopathy, assessing clinical outcomes, monitoring the
healing process in terms of both ultra-structural and functional
study and recording any adverse events arising from the newly-
changed procedure. The aim of this paper was not to compare
various surgical techniques to decide the best one, but to esta-
blish whether mechanical damage on the nasal mucosa, such as
that carried out by microdebrider (or any other cutting tool), is
followed by a more or less complete anatomical and functional
recovery.

Materials and methods

Study design

A prospective clinical study was conducted on 16 adult volun-
teers (7 males and 9 females) from 16 to 56 years old (mean
age 33 years) with inferior turbinate hypertrophy associated to
nasal obstruction and breathlessness. All patients were provided
information about the study, which adhered to the Declaration
of Helsinki and to the ICH-GCP, GU 184/2003. Written informed
consent was obtained from all patients.

The required inclusion criteria to recruit these patients were:

a severe inferior turbinate hypertrophy, refractory to drug
treatment with or without clinical complications due to nasal
blockage (otitis, sinusitis, pharynagitis, tracheitis, recurrent
rhino-bronchial syndrome, OSAS) and significant reduction in
turbinate volume after decongestion test with naphazoline
hydrochloride 0.1%.

Excluded from the study were patients with a negative de-
congestion test, stenosing septal deviations, ciliary dyskinesia
caused by genetic diseases (i.e. cystic fibrosis, Kartagener’s
Syndrome), nasal polyps, previous nasal and paranasal sinuses
surgery, active hypertrophic rhinitis. As a result, 3 patients were
excluded.

Pre-surgery treatment

In preoperative time (T0) and after a follow-up of 4 months (T1)

all 13 patients were subjected to:

Ear, Nose and Throat (ENT) history and ENT clinical exami-
nation.

«  Nasal endoscopy with Rigid 0 *fiberscope STORZ of 2.7 mm
caliber and 13 cm in length without using local anesthetics
and vasoconstrictors.

«  Subjective assessment of respiratory obstruction by a visual
analogue scale (VAS) graduated 10 cm as proposed by
Eccles . A score of 0 represents a constant nasal patency,
without episodes of nasal obstruction; while a score of
10 indicates a complete, constant, unremitting subjective
perception of airway obstruction.

«  Muco-ciliary transport time (MCT), was performed by



placing 1,5 grams of 2% sodium saccharin behind the an-
terior edge of the inferior turbinate head. Each patient was
trained to keep their head tilted at 10°, to swallow every
30 seconds and to breathe through the nose. The test was
considered completed when they perceived a sweet taste
in the oropharynx.

+  Anterior Active Rhinomanometry (AAR) using ATMOS® 300
rhinomanometer was carried out after about 15-30 minutes
of rest, to minimize variations due to the mucosal vascu-
lar autonomic influences of exercise, requiring everyone
to carry out 5 deep breaths into the mask to allow the
recording. The total nasal resistance and the inspiratory /
expiratory airflow were measured in each nasal cavitity
separately. These results were then evaluated at a 150 Pa
transnasal pressure.

«  Adecongestion test with a topical vasoconstrictor nasal ad-
ministration (0.1% naphazoline hydrochloride) was applied
for 10 minutes and subsequent revaluation with AAR.

. Bilateral debrider turbinoplasty procedure by using the
Xomed Power System 2000 microdebrider was used on
outpatients under endoscopic guidance.

Surgical intervention

Local anesthesia was performed with 2 strips soaked in Xilocaina
hydrochloride 5% and naphazoline 0.02% placed on nasal floor
and turbinate medial wall in each nasal cavity. After getting loss
of sensitivity in the upper dental arch (about 10 minutes), the
mucosa and the hypertrophic cavernous tissue was shaved to
the bone surface of the medial and inferior surfaces and parti-
ally of the inferior turbinate head by the microdebrider above
the periosteum. It is a powered rotary shaving device, consisting
of a small rotating blade protected by a blunt end, which can
resect tissue that is suctioned into the opening. A 4 mm straight
blade was moved along the turbinate length, at 2300-3000
rev/sec speed of oscillation with posterior-anterior direction
and continuous suction, enabling the surgeon to maintain a
bloodless field while operating. The surgical removal time was
1-2 minutes on average per side. At the end of the procedure, a
post-surgery anterior packing was performed with packs made
of a biocompatible synthetic polymer of esterified polyvinyl de-
rivates with hyaluronic acid of 8 or 10 cm in length, left in place
for 72 hours. After removal of buffers, local instillation of nose
drops containing vitamin A and vaseline oil was recommended
for about 1 month.

After local anesthesia, biopsy samples of about 2 mm were ta-
ken from the medial surface of the inferior concha mucosa and
1.5 cm behind the anterior inferior edge. We observed biopsy
specimens at Zeiss EVO 50 SEM with a LaB6 XVP (SMY Carl Zeiss
Ltd., Cambridge, United Kingdom) with a BSE detector tetra-
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solid state.

Statistical analysis
Statistical analysis was performed with the paired t-test.

Results

All patients tolerated the surgical procedure. Only in one case,
we had a mild postoperative bleeding 15 days after surgery,
which required a new anterior nasal packing. A significant
breathing space expansion with morphological preservation of
nasal conchal mucosa was revealed during anterior rhinoscopy,
with no other complications such as mucosal erosion, crusting,
synechiae, or recurrent bleeding. The healing phase was nearly
completed at 4 months after surgery: the mucosa appeared
pink, without submucosal oedema and limited secretions as
compared to pre-surgical clinical evaluation.

Subjective valuation of nasal obstruction with VAS
Mean values of the subjective respiratory symptom assessment

Table 1. Comparison of VAS scores before and after turbinoplasty.

Pre-surgery (T0)

Post-surgery (T1)

0-3 0 10

4-6 0 3

7-10 13 0
Mean value 8,69* 1,77%

*p < 0,001 (by t-paired test)

Table 2. Comparision of mean values of MCT and AAR before and after

turbinoplasty.

Pre-surgery (TO)

Post-surgery (T1)

Mucociliary Transport Time 17,5 min* 11,3 min*

Total Nasal Resistance

3 *
(150 Pa) 0,65 Pa/cm?/s

0,31 Pa/cm®/s *

*p < 0,001 (by t-paired test)
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Mag= 3.18

Figure 1. SEM observation of an inferior turbinate head section after 4
months post-operation, disclosing mucin filaments in addition to well-

developed cilia.

Figure 2. SEM observation of biopsy specimen taken from the inferior
turbinate head after 4 months postoperation, demonstrating the nasal

cilia of normal appearance.

20 pm

Mag= 125K X

Figure 3. SEM observation of an inferior turbinate head section from a
patient with chronic hypertrophic rhinitis during surgery, displaying

dilated and engorged venous sinusoids.

at VAS decreased from an initial average of 8.69 in the preope-
rative period, at 1.77 after 4 months from the microdebrider
turbinoplasty (Table 1). Data analysis showed that this decrease
is statistically significant (p <0.001).

Muco-ciliary transport time

The mucociliary transport time, which initially had a mean value
of 17.5 minutes, had reached a final average of 11.3 minutes
atT1, coming into the normal range (13 + 3 minutes) (Table

2). Paired t-test showed a statistically significant decrease (p <
0.001).

Anterior active rhinomanometry (AAR)

The AAR data analysis shows that the mean value of the total
nasal resistance before surgery, estimated at 150 Pa, was 0.65
Pa/cm?/s, while at 4 months of follow-up, it was 0.31 Pa/cm?/s,
demonstrating a statistically significant reduction (p < 0.001) by
the paired t-test (Table 2). However, during the nasal decon-
gestion test, the total resistance decreased to 0.11 Pa/cm?/s.
The mean total inspiratory flow was 489.3 cm?/s and after local
vasoconstrictor treatment it became 1,308 cm?/s.

SEM observation of biopsy specimens

In most patients, the biopsy electron microscopy analysis
showed many respiratory epithelium areas with several degrees
of differentiation after a 4 month follow-up. The regenerated
respiratory epithelium was generally represented by physiolo-
gical columnar cell with a variable representation of goblet and
ciliated cells, with a ratio in favour of the second group (Figure
1). The ciliated columnar cells appeared numerous, with thickly
scattered, well-developed cilia on the cell surface, estimating 24
pum of ciliary length and 3 um in diameter (Figure 2). The glandu-
lar elements and superficial glandular openings were reduced in
number. Giant cells or other typical parameters of a foreign body
reaction have not been identified.

Discussion

The nasal mucosa is actively involved in physiological processes
as nasal mucociliary transport, that is effective only when both
the appropriate ciliary movement with an adequate mucous
blanket secreted by Goblet cells, and the IgE-mediated immune-
regulatory response in nasal mucosa are present. These pro-
perties led many authors to establish the dogma that surgical
nasal mucosa removal could produce an irreversible functional
damage over time.

In fact, the same chronic inflammatory processes create mucosal
damage, with underlying molecular mechanisms at the base of
the nasal disease, involving proteins such as p53 homologues
(p63 and p73) that play a key role in orchestrating the epithelial
development and repair processes in the nasal mucosa.

These alterations result in goblet cell hyperplasia, squamous
metaplasia, fibrosis, dilation of venous sinuses, and reduction of



gap junctions 9,

It is not clear if the minimally invasive surgery leads to only a
functional or also a structural nasal recovery, because in the
literature only a few studies reported on this matter.

A variety of animal models demonstrate that in response to
airway epithelium injury, the basal cells (BC) spread and migrate
from the basement membrane at the wound edge to the
denuded area. This occurs because of extracellular matrix-stem
cell interactions, mainly through the glycoproteins fibronectin
and vitronectin secreted after inflammatory TGF-3 and TNF-a
stimulation and components of the basement membrane such
as laminin and type IV collagen. Cell migration is also regulated
by matrix metalloproteinases (MMP7, MMP9) and (31-integrins
@), After migration, BC daughters in the repairing area start to
proliferate. The repairing epithelium then forms a transitory
squamous metaplasia followed by a progressive re-differentiati-
on with a final step of ciliogenesis and goblet cell differentiation,
representative of the complete regeneration of a functional
mucociliary epithelium @7,

The micro-environment undoubtedly influences the airway BC
behaviour with paracrine signals secretion from neighboring
epithelial cells and mesenchyme -Wnt, EGF, TGF-3 and BMP 2830,
This mucociliary regeneration model has also shown in human
nasal turbinate @,

Based on these concepts, we think that the thermal necrosis oc-
curs in the electrode introduction site during minimally invasive
surgical techniques ", and represents an obstacle for the mu-
cosal regeneration. Thus to obtain a physiological mucosal rege-
neration, a mechanical injury is necessary. A healing histological
study of nasal mucosa in sheep assessed gradual recovery of the
ciliated epithelium in the first 4 weeks after endoscopic partial
mucosa removal. In the mucosa, 68.35% of cilia were present

on day 84, as compared with 32,96% of cilia after full-thickness
surgery 2. These data demonstrate a greater efficiency of the
microdebrider rather than total turbinectomy.

In humans, to avoid an empty nose syndrome, the resection
must be limited and cannot reach the supporting bone or
cartilaginous structure 3. In fact, in this study we have used

the microdebrider to evaluate whether the total removal of the
mucosa and submucosa above the periosteum could lead to

a structural, as well as functional, mucosal recovery. Our study
confirms the effectiveness of the mucosa and sub-mucosa exci-
sion with a microdebrider in improving nasal dyspnea caused by
turbinate hypertrophy, documented by a marked improvement
of all tests administered. Post-surgery mucociliary transport
time (MCT) returns to the normal range (13 + 3 minutes) in
100% of the cases. These data underline the functional recovery
of ciliated epithelium, which is evidently repaired, and subse-
quently confirmed by ultra-structural SEM analysis (Figures 1
and 2). Comparing these results with those proposed by Salzano
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et al. ¥, we can confirm a clear predominance of microdebrider
effectiveness over the other procedures taken into considera-
tion. These methods lead to even higher MCT values than the
pre-surgical ones, which stabilized at 2 months of follow-up, on
average values of 15.95 minutes, which are at the limit of the
normal range ©%. These results drove Salzano to suppose that
even if these techniques are defined minimally invasive, because
of the nasal mucosa preservation, the thermal energy used

can cause damage to the surrounding tissue, like the ciliated
epithelial cell surface, inducing chronic inflammation ©4. We also
think that the thermal energy, even though spatially limited,
generates tissue damage, while debridement mucosa excision
enables removal of rhinopathy damaged mucosa without
burning the edges, allowing easy tissue regeneration from the
periphery of the wounded area.

At AAR, the mean total nasal resistance and the total inspiration
flow strongly improve 4 months post-surgery (Table 2). To avoid
dubious rhinomanometric assessments, we considered total
nasal resistance as the main parameter. It is less variable than
the unilateral one, because it is not affected by the nasal cycle
and, therefore, it is a better indicator of the presence/absence
of nasal obstruction in the nasal airflow. The local instillation of
naphazoline hydrochloride results in a further airflow increase. It
indicates a marked vasoreactivity, which persists despite the hy-
pertrophic mucosa removal with the microdebrider, in contrast
to results of other procedures.

The recovery of vasomotor reactivity, documented with AAR
after surgery, highlights another advantage of the mechanical
debridment compared to other methods . It shows that the
residual cavernous tissue maintains its thermoregulatory ability
that, if operating synergistically to mucociliary function, allows
the treatment regardless of the climate in which the patient
lives. On the contrary, blood vessels and nervous destruction
with the submucosal fibrosis that thermal techniques gene-
rate, leads a nasal mucosa hyporeactivity to stimuli by altering
the normal physiology ©# while according to Leong et al., the
submucosal fibrosis might cause a subjective sensation of nasal
patency and a post-operative sensation of airflow because of
surgical damage to sensory nerves and therefore to cold recep-
tors despite an improvement in nasal conductance of airflow ©2,

As with the nasal functional tests, the subjective evaluation

of nasal obstruction at VAS scale also show an intense and
progressive symptom relief after 4 months, a sufficient period
to establish the failure of surgical treatment on turbinates ©.
By dividing the VAS values into 3 ranges (0-3, 4-6, 7-10), cor-
responding, respectively, to the mild, moderate and severe
categories of nasal obstruction, we observed a gradual tran-
sition from a severe disease before surgery (VAS = 7-10), to a
mild/no obstruction (VAS = 0-3) at 4 months after the surgical
procedure (Table 1). These results are in accordance with those
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reported in literature and nasal obstruction severity improved
significantly after our procedure compared to others. Salzano et
al,, for example, has performed a study comparing 4 minimally
invasive mucosal sparing procedures currently in use, i.e. the

RF, HF, electro-cautery and the lower partial turbinotomia, and
they certified lower baseline values (mean VAS = 7.8) and higher
final values (mean VAS = 5.52) ¢4, The early restoration of near
normal nasal function using our technique represents another
benefit compared to the radiofrequency turbinoplasty in which
the desired effects appear much later (a period lasting from
days to weeks) in comparison to the use of the microdebrider
(4, This phenomenon seems to be due both to the post-surgical
turbinate swelling and to the time required for submucosal
fibrosis 1%, reducing patients’ satisfaction in the long-term.
These events were absent or decreased in the microdebrider
technique, where to the contrary, produced an immediate relief
of symptoms caused by the mechanical debridement of excess
soft tissue after packing removal.

The endoscopic studies of our patients demonstrated the post-
surgery preservation of the inferior turbinate form, that led to
more physiologic airflow within nasal-sinus cavities. There was
also a marked reduction in nasal allergic symptoms (sneezing,
rhinorrhea, obstruction, hyposmia) in patients with a preopera-
tive history of allergopathy.

We subjected the patients to follow-up for 4 months, an ade-
quate time to establish the effectiveness of surgical treatment
on the turbinate ®%; but the best assessment of the long-term
treatment efficacy is the observation with SEM, that showed a
perfect reepithelialization in all patients 4 months after surgery.
The choice of the 4 month period was established because a
longer follow-up would mainly evaluate the natural evolution of
the disease itself, rather than the effects of our instruments ©9.
The scanning electron microscope (SEM) observations provided
by the literature revealed numerous changes in nasal mucosa
during inferior turbinate chronic hypertrophic rhinitis. They are
represented by: a severe metaplasia of the nasal epithelium,
characterized by areas of hyperplasia and epithelial stratifica-
tion, epithelial cell degeneration with loss of cilia and disruption
of intercellular connections, an increased thickness of basement
membrane and lamina propria in allergic patients, attributed to
fibrosis, infiltration in lamina propria of various inflammatory
cells and the increased number of blood vessels. The latter pro-
bably related to the formation of new blood vessels that dilated
and congested venous sinusoids (Figure 3) with very thin-wal-
led, fine oedema and over-production of nasal secretions due
to increase in number of goblet cells, submucosal glands and
superficial glandular outlets #3739,

In a previous study, Wexler et al. “? performed histological
analyses on samples taken from patients undergoing micro-

debrider inferior turbinoplasty, highlighting the deep residual
nasal mucosa characteristics. Their observations showed a well-
organized basal cell layer, a less prominent and not so defined
basement membrane compared to the usual structure of 15 to
20 um thickness seen in conventional nasal mucosa specimens,
a markedly changed lamina propria due to fibrosis with loss or
reduction of subepithelial glandular elements and venous sinu-
soids, which could also suggest chances of recurrence “,

Our study completes the Wexler's research, because it demon-
strates that the improvements of the deep portion nasal mucosa
after debridement also correspond to mucosa surface improve-
ments: ultra-structural and physiological restoration of the mu-
cosal surface cellular organization with many ciliated columnar
cells coated with well-developed cilia of 24 um of ciliary length
and 3 um in diameter, fewer glandular elements and superficial
glandular openings. In conclusion, the mechanical removal of
the degenerated nasal turbinate mucosa with a microdebrider
not only does not cause any damage to the respiratory epithe-
lium but stimulates the regeneration of a healthy and functi-
onally active mucosal epithelium. For this reason, we believe
the dogma of the nasal mucosa preservation during turbinate
surgery can no longer be accepted, because the nasal mucosa
possesses regenerative properties that exceed the surgical
damage if mechanically generated.

In our opinion, the nasal packing does not change the functio-
nal recovery of the mucosa, because on the one hand it remains
for a short time in the nasal cavities, later replaced with medical
therapy, on the other hand, the quality of the mucosal healing

is related to the regenerative capacity of the tissue that can only
be accelerated by post-surgical medical therapy.

The surgical procedure with a microdebrider is a fast and

precise method for the inferior-medial nasal airway expansion
through controlled inferior-medial stroma excision from inferior
turbinate, and does not increase the time required for mucosal
healing. It can be performed as an outpatient treatment under
local anesthesia with simultaneous endoscopic visualization and
its lasts a few minutes. It has minimal invasiveness and simplicity
in its execution.

Our experience has shown that the inferior turbinate endosco-
pic mucosal turbinoplasty with debrider not only improves nasal
obstruction, but also rhinorrhea, hyposmia, headache, sneezing
and post nasaldrip. It is neither associated with negative con-
sequences such as dryness, crusting or nasal irritation, nor with
alterations in mucosal function. It is easily performed, implies
low costs, function respect, physiological airflow distribution
and full restoration of nasal mucosa structures. The microdebri-
der technique in our opinion is the gold standard for the inferior
turbinate hypertrophy treatment.
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