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Abstract

Purpose Consensus has not been reached regarding the optimal reduction procedure for inferior turbinate hypertrophy in
allergic rhinitis and whether such procedures result in improvement in mucosal architecture.

Methods Twenty-nine patients aged 18—45 years (mean 26.8 years), with allergic rhinitis and inferior turbinate hypertrophy
not responsive to medical therapy who underwent endoscopic submucosal diathermy (ESMD) (14 patients) or endoscopic
submucosal resection (ESMR) (15 patients) with intraoperative and 3—6 months postoperative inferior turbinate biopsies,
were included in the study. Epithelial and mucosal architecture was compared between the two groups.

Results Both groups showed a significant decrease in epithelial denudation (p <0.001), reversal of basement membrane
thickening (p < 0.001) and increase in density of cilia (p <0.001). The degree of improvement in histological characteristics
between ESMD and ESMR groups was not significant.

Conclusions Surgical intervention for inferior turbinate hypertrophy by both ESMD and ESMR results in significant restora-
tion of nasal mucosal epithelium in patients with allergic rhinitis as early as 3-month postoperatively. There was, however,
no significant difference in the histological changes between those who underwent ESMD and ESMR.

Clinical Trials of India, Registry Number CTRI1/2015/01/005373.
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Introduction

The size of the inferior turbinate is an important determi-
nant of the nasal airway. Many factors can cause abnormal
turbinate hypertrophy which can result in an increased nasal
resistance to airflow. Common causes of turbinate hyper-
trophy include allergic rhinitis, vasomotor rhinitis, rhinitis
medicamentosa, and compensatory turbinate hypertrophy
opposite a large nasal septal deviation. Inferior turbinate
B4 Tripti Meriel Jacob reduction can be performed by various techniques that
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The normal histology of the inferior turbinates and his-
tological changes in inferior turbinate hypertrophy have
been described by Berger et al. [2]. They reported that in
hypertrophic turbinates, thickening of mucosa on the medial
aspect of the turbinate as well as generalised increase in
the width of the lamina propria were responsible for the
increased width of the turbinate. They also found that the
relative proportion of connective tissue, submucosal glands
and vessels remained unchanged. The authors also described
venous sinusoid engorgement within the hypertrophied
turbinate. Other studies have shown that in compensatory
hypertrophy of the inferior turbinate due to a deviated nasal
septum, it was the expansion of the bone of the turbinate
rather than the mucosa that produced the enlargement [3, 4].

Postoperative changes in the inferior turbinate after
specific reduction procedures have also been studied by a
few authors. One study reported little improvement in the
postoperative ultrastructural epithelial architecture on long
term follow-up after surgical turbinate reduction, in cases in
which hypertrophy was not allergic in aetiology [5]. Another
reported on long term histological changes following cob-
lation turbinectomy in patients who failed the procedure,
comparing those changes with histological features in a
group that had not undergone that procedure. The authors
found marked fibrosis, depletion of submucosal glands and
venous sinusoids, epithelial shedding and areas of squa-
mous metaplasia in the ablated areas [6]. Neri et al. showed
that epithelial architecture of the nasal mucosa following
microdebrider-assisted turbinoplasty improved significantly,
both when viewed under the light microscope and electron
microscope [7]. Despite the large number of interventions
currently available for the treatment of inferior turbinate
hypertrophy, comparisons of histological changes following
various surgical interventions for inferior turbinate hypertro-
phy have not been extensively studied.

Preservation of the mucosal surface epithelium postop-
eratively is important for maintenance of the mucociliary
clearance. Hence, any procedure aimed at reducing the size
of the turbinates to improve airway should additionally result
in improvement or preservation of mucosal morphology, if
intact, in these patients. Other epithelial features like density
of epithelial goblet cells, glands in the lamina propria, vas-
cularity and tissue eosinophilia could also give an indication
of the restoration of epithelial function. A study comparing
the epithelial integrity of nasal mucosa in allergic and non-
allergic rhinitis showed that shedding of epithelium is more
common in allergic rhinitis [8]. Turbinate reduction proce-
dures which can considerably alter nasal mucosal architec-
ture, are often done in patients with allergic rhinitis and it is,
therefore, important to know the effect of these procedures
on turbinate mucosal histology.

This study aimed to compare the histological structure
of inferior turbinate mucosa before and after two types of
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surgical intervention for inferior turbinate hypertrophy in
patients with allergic rhinitis with a specific interest in epi-
thelial integrity, fibrosis, vascularity and glandularity of the
lamina propria. The interventions studied were endoscopic
submucosal diathermy (ESMD) and endoscopic submucosal
resection (ESMR) of the inferior turbinate.

Materials and methods

Patients included in this study were recruited as a part of
a randomised controlled trial involving 50 patients which
compared two techniques, viz. ESMD and ESMR, for the
treatment of inferior turbinate hypertrophy. This has been
previously published [9]. Permission to conduct the study
was obtained from the Institutional Review Board and Eth-
ics committee and the trial was registered in the National
Clinical Trials Registry.

Patients with nasal obstruction due to mucosal hypertro-
phy of the inferior turbinate, presenting to the out-patient
clinic of the ENT Department of our tertiary care centre,
were included in the study if they met the following criteria:
(1) age > 18 years (2) failure to respond to medical manage-
ment with antihistamines, saline sprays and topical steroids
for at least 3 months. Patients with a previous history of
inferior turbinate surgery or those with any other turbinate
pathology like a tumour or polyp or bony hypertrophy of
the turbinate were excluded. Recruited patients underwent
diagnostic evaluation consisting of a complete history, clini-
cal examination and rigid nasal endoscopy. Allergen skin
testing and serum IgE estimation were done for all cases to
diagnose allergic rhinitis. Informed consent was obtained
from all individual participants included in the study.

Subjective assessment of nasal symptoms like obstruc-
tion, discharge and sneezing was done with a four-point
(0—4) grading system. Objective assessment of nasal air-
way was done by two methods. The first was by rigid nasal
endoscopy, using the following criteria: grade-1: posterior
wall of nasopharynx can be seen through > 50% of posterior
choana (score 1); grade-2: posterior wall of nasopharynx can
be seen through < 50% of posterior choana (score 2); grade-
3: posterior wall of nasopharynx not visible at all (score 3).
The second method for objective assessment of nasal airway
was done using a Gertner—Podoshin plate as has been previ-
ously described [10]. The same scoring systems were used
for postoperative assessment of airway.

All patients, regardless of the surgical procedure, had
an intraoperative turbinate mucosal biopsy for histological
examination during the surgery. The biopsy was taken with
a cup forceps from the medial surface of the inferior turbi-
nate, 1 cm posterior to its anterior end, i.e., from the anterior
third of the turbinate. The two techniques were performed
as follows:



European Archives of Oto-Rhino-Laryngology

The ESMD technique: the inferior turbinate was first
decongested by covering with a cotton pattie containing
oxymetazoline solution for 10—15 min. A bipolar diathermy
forceps was inserted submucosally at three fixed points in
the anterior, middle, posterior parts of inferior turbinate and
diathermy was applied for 10 s at a setting of 25 at each
point.

The ESMR technique: an incision was made, and a
mucosal flap raised on the septal side of the inferior turbi-
nate, followed by resection of bone along with lateral surface
mucosa using forceps. The conserved mucosa on the medial
side was re-draped over the resection site.

Five patients underwent concurrent septoplasty for septal
deviation towards the side opposite to that of the turbinate
hypertrophy. Turbinate surgery was only performed on the
side opposite to the deviation. In these patients, inferior
turbinate surgery and pre and postoperative assessment
were only done for the side on which turbinate surgery was
performed.

Routine postoperative care with saline and steroid sprays
was followed for all cases and a postoperative turbinate
mucosal biopsy was taken at the end of 3 months from the
same location, under local anaesthesia, in the outpatient
clinic.

Histological parameters assessed

The biopsies were coded with random numbers, processed
for light microscopy and five micron thick serial section
were stained with hematoxylin and eosin. Light microscopic
images were acquired with an Olympus BX43 microscope
connected to an Olympus DP21 camera and morphometric
analysis was done using Cellsens image processing software
(ver.1.4). Qualitative data obtained included a description
of the epithelium oedema and fibrosis of the lamina pro-
pria, and perivascular fibrosis. Oedema and fibrosis were
graded as nil=0, mild =1, moderate =2 or severe =3 based
on pre-determined standardized slides. Perivascular fibrosis
was classified as either present or absent. Quantitative data
included number of sub-epithelial capillaries, number of tis-
sue eosinophils and number of glandular cross sections for a
total sub-epithelial area of 50,00,000 pmz. These were stud-
ied under the high power (40X) objective from every fourth
of the serial sections, and the final data expressed as values
per mm? area. In addition, the total length of epithelium
was measured along the basement membrane. The lengths
of normal epithelium (entire epithelium with cilia and goblet
cells visualized), partially denuded epithelium (1-2 nuclear
layers seen close to the basement membrane), completely
denuded epithelium (basement membrane with no cell lay-
ers seen), hyperplastic epithelium and areas with squamous
metaplasia were measured and expressed as percentages of
the total length.

Once measurements were completed, biopsy numbers
were decoded and analysed. Comparison of intra and post-
operative mean symptom scores was performed using the
unpaired 7 test. Comparison of epithelial and lamina propria
characteristics measured was done between the groups using
the Mann—Whitney U test as well as chi-squared test for
categorical variables. Software for statistical analysis used
was IBM SSPS version 21.

Results
Demography

A total of 29 patients in whom both intraoperative and post-
operative histological data were available were included in
this study. Fourteen of these patients had undergone ESMD
and 15 had undergone ESMR. There were 22 male and 7
female patients, with ages ranging from 18 to 45 years (mean
26.8 years).

Clinical features

Preoperatively, nasal obstruction was the predominant symp-
tom followed by nasal discharge and sneezing. All patients
had grade 3 inferior turbinate hypertrophy. Mean preopera-
tive symptom scores for nasal obstruction were 2.14 in the
ESMD group and 2.27 in the ESMR group.

Postoperative status

Postoperatively, there was a significant reduction in symp-
toms of nasal obstruction in the ESMD group at 1 week
(»p=0.002) and 12-24 weeks (p <0.001). In the ESMR
group, too, there was a significant reduction of nasal
obstruction both at 1 week (p <0.001) and at 12-24 weeks
(»<0.001). At week 1 after surgery, patients in the ESMR
group appeared to have greater relief of nasal obstruction
than the ESMD group (p=0.003). However, at 12-24 weeks
after surgery, patients in both groups had good relief of
nasal obstruction and there was no significant difference
in the nasal obstruction symptom scores between ESMD
and ESMR groups (p =0.92). Objective assessment using
endoscopic scores and the Gertner—Podoshin plate also
showed significant improvement of airway in both groups
postoperatively.

Histology of the inferior turbinate
Qualitative assessment

Histopathological examination of the preoperative biopsies
showed intact pseudostratified ciliated columnar epithelium
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in some areas with large areas of epithelial denudation,
either in the form of complete denudation or loss of superfi-
cial layers (Fig. 1). Goblet cell numbers showed variations,
being absent in some, normal in distribution in some and
hyperplastic in others. Several biopsies showed thickening
of basement membrane (Fig. 1). The lamina propria showed
varying degrees of fibrosis, varying from none in some
biopsies to severe in others. Perivascular fibrosis was noted
in several biopsies (Fig. 1). Tissue oedema in most cases
was absent or mild, although a few had moderate oedema.
Blood vessels and glandular architecture in the lamina pro-
pria appeared normal. A few biopsies showed areas of squa-
mous metaplasia or epithelial hyperplasia. Several biopsies
showed infiltrates of inflammatory cells.

The postoperative biopsies showed similar features with
regards to oedema, fibrosis, glands and vessels in the lamina
propria. However, there did appear to be significant restora-
tion of epithelium, with larger areas of normal epithelium.
While there were still areas of partial denudation and hyper-
plasia, there were very few areas showing complete denuda-
tion of epithelium and no areas of squamous metaplasia.

Quantitative assessment

Comparison of intraoperative biopsies (Table 1) Intraopera-
tive biopsies showed large proportions of denuded areas.
The lengths of epithelium measured, as well as proportions
of intact epithelium, partial denudation, complete denuda-
tion, epithelial hyperplasia and squamous metaplasia were
found to be similar between the ESMD and ESMR groups.
Goblet cell and ciliary distribution could not be commented
upon in a sizable percentage of biopsies because of extensive
epithelial denudation. Other epithelial and lamina propria

Ec

Fig. 1 Intraoperative biopsy showing areas of intact epithelium (Ei),
partial denudation (Ep) and complete denudation (Ec) resting on a
thickened basement membrane (B); the lamina propria (LP) shows
moderate interstitial and perivascular fibrosis (p)
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characteristics were also found to be similar in the two
groups.

ESMD group-comparison of intraoperative and postopera-
tive biopsies (Table 2) There was a significant increase in
the percentage of intact epithelium (p <0.001) as well as a
decrease in percentages of completely denuded epithelium
(p <0.001), 3 months after diathermy (Fig. 2). Additionally,
the percentage of epithelial hyperplasia had significantly
increased (p =0.009) and squamous metaplasia was not
seen in any postoperative biopsy (p =0.035). In the postop-
erative group the percentages with normal basement mem-
brane architecture and normal cilia were significantly higher
(»<0.001) than the preoperative group (Fig. 2). Goblet cell
numbers increased significantly postoperatively (p =0.003).
Lamina propria characteristics were not significantly differ-
ent between the groups. Post-operative biopsies showed less
perivascular fibrosis (Fig. 2) although the difference did not
reach statistical significance (p =0.058).

ESMR group-comparison of intraoperative and postoperative
biopsies (Table 3) There was a significant increase in the
proportion of intact epithelium (p <0.001) and a decrease in
complete epithelial denudation (p <0.001) following inferior
turbinate resection. Although there was an increase in epi-
thelial hyperplasia and no squamous metaplasia seen post-
operatively, these differences were not statistically signifi-
cant. Postoperative ESMR biopsies also showed significant
improvement in basement membrane thickening, as well as
significant increase in cilia and goblet cell numbers. There
was also a significant decrease in perivascular fibrosis post-
operatively (p =0.004).

Comparison of postoperative biopsies of ESMD and ESMR
groups (Table 4) No significant differences were seen
between the two postoperative groups with regards to
improvement in epithelial integrity and architecture as well
as features in the lamina propria. Although there were lower
grades of oedema and fibrosis in the postoperative ESMR
group, this difference was not statistically significant.

Discussion

The findings of the present study suggest that both ESMD
and ESMR greatly help restore histological changes that
occur in patients with inferior turbinate hypertrophy caused
by allergic rhinitis. Patients with allergic rhinitis are known
to have several histological changes in the nasal mucosa
which include thickening of epithelium and basement mem-
brane, squamous metaplasia and epithelial denudation [4, 8].
These findings are consistent with the mucosal findings in
our intraoperative biopsies in both groups of patients.
Restoration of epithelial integrity postoperatively was a
significant finding of this study. In a study by Grindos et al.
[5] on patients with non-allergic causes of inferior turbinate
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Table 1 Comparison of mucosal data between intraoperative ESMD and ESMR biopsies

Characteristics ESMD intraop (n=14) ESMR intraop (n=15) p value*
Epithelium Mean+SD Mean +SD
Length of epithelium studied 10.58+6.92 11.03+6.08 0.881
Epithelial integrity Mean +SD Mean +SD p value*
Analysis of epithelial integrity/structure (each component expressed as percentages of total length measured)
Percentage of intact epithelium 4.08+8.53 6.55+18.35 0.954
Percentage with partial denudation 31.65+30.91 28.01+24.82 0.844
Percentage with complete denudation 48.23+40.53 63.73+31.31 0.336
Percentage with epithelial hyperplasia 0.22+0.81 1.09+4.23 1.000
Percentage with squamous metaplasia 15.83+29.91 1.06+4.10 0.097
Other epithelial characteristics Number (%) Number (%) p value
Basement membrane
Normal 1(7.14) 3 (20) 0.598
Thickened 13 (92.86) 12 (80)
Cilia
Normal 2 (14.29) 2(13.33) 0.868
Decreased/absent 4 (28.57) 3 (20)
Unable to comment 8 (57.14) 10 (66.67)
Goblet cells
Normal 1(7.14) 2(13.33) 0.803
Decreased/absent 4 (28.57) 3 (20)
Unable to comment 8 (57.14) 10 (66.67)
Hyperplasia 1(7.14) 0
Lamina propria Mean number/mm? + SD Mean number/mm? + SD p value
Capillaries 45.229+32.279 45.080+34.834 0.727
Tissue eosinophils 7.275+12.724 9.067+10.557 0.678
Glands 52.40+25.419 34.133 +20.577 0.032
Number (%) Mean grade (range) Number (%) Mean grade (SD) p value
Interstitial oedema
Absent (grade 0) 5(35.71) 0.79 (0-2) 8 (53.33) 0.56 (0-2) 0.658
Mild (1) 7 (50) 6 (40)
Moderate (2) 2 (14.29) 1(6.67)
Severe (3) 0 0
Lamina propria fibrosis
Absent (grade 0) 2 (14.29) 2.00 (0-3) 1(6.67) 1.81 (0-3) 0.290
Mild (1) 2 (14.29) 6 (40)
Moderate (2) 4(28.57) 1(6.67)
Severe (3) 6 (42.86) 7 (46.67)
Perivascular fibrosis Number (%) Number (%) p value
Present 10 (71.43) 17 (70.83) 1.00
Absent 4 (28.57) 7 (29.17)

*p value <0.05 taken as significant

hypertrophy, results of various surgical techniques for turbi-
nate reduction were compared. It was reported that despite
volume reduction being achieved, epithelial restoration was
not achieved by any method other than ultrasound turbinate

reduction. In fact, loss of cilia, squamous metaplasia and
goblet cell hyperplasia were reported as consistent post-
operative findings. This study, albeit, on cases of allergic
aetiology, shows quite a different result. Not only was there

@ Springer



European Archives of Oto-Rhino-Laryngology

Table 2 Comparison of intraoperative and post-operative ESMD biopsies

Characteristics ESMD intraop (n=14) ESMD postop (n=14) p value*
Epithelium Mean +SD Mean +SD
Length of epithelium studied (mm) 10.58 +6.92 11.02+5.33 0.659
Epithelial integrity Mean +SD Mean +SD p value
Analysis of epithelial integrity/structure (each component expressed as percentages of total length measured)
Percentage of intact epithelium 4.08+8.53 65.10+19.90 <0.001
Percentage with partial denudation 31.65+30.91 12.85+14.68 0.266
Percentage with complete denudation 48.23+40.53 0 <0.001
Percentage with epithelial hyperplasia 0.22+0.81 22.04+23.11 0.009
Percentage with squamous metaplasia 15.83+29.91 0 0.035
Other epithelial characteristics Number (%) Number (%) p value
Basement membrane
Normal 1(7.14) 10 (71.43) <0.001
Thickened 13 (92.86) 4 (28.57)
Cilia
Normal 2 (14.29) 11(78.57) <0.001
Decreased/absent 4 (28.57) 3(21.42)
Unable to comment 8(57.14) 0
Goblet cells
Normal 1(7.14) 5(35.7) 0.003
Decreased/absent 4 (28.57) 5(@35.7)
Unable to comment 8(57.14) 0
Hyperplasia 1(7.14) 4 (28.6)
Lamina propria Mean number/mm? + SD Mean number/mm? + SD p value
Capillaries 45.229+32.279 46.757 +26.281 0.818
Tissue eosinophils 7.275+12.724 12.600 +20.856 0.713
Glands 52.40+25.419 38.929 +35.830 0.270
Number (%) Mean grade (range) Number (%) Mean grade (range) p value
Interstitial oedema
Absent (grade 0) 5(35.71) 0.79 (0-2) 3(21.4) 1.07 (0-2) 0.555
Mild (1) 7 (50) 7 (50)
Moderate (2) 2 (14.29) 4 (28.6)
Severe (3) 0 0
Lamina propria fibrosis
Absent (grade 0) 2 (14.29) 2.00 (0-3) 5@35.7) 1.14 (0-3) 0.304
Mild (1) 2 (14.29) 4 (28.6)
Moderate (2) 4 (28.57) 3(214)
Severe (3) 6 (42.86) 2 (14.3)
Perivascular fibrosis Number (%) Number (%) p value
Present 10 (71.43) 5(35.7) 0.058
Absent 4 (28.57) 9 (64.3)

*p value <0.05 taken as significant

significant increase in normal epithelium, there were no
areas of complete denudation in postoperative ESMD and
very few areas of complete epithelial denudation in postop-
erative ESMR cases. Moreover, there was no postoperative
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squamous metaplasia and there was significant improve-
ment in ciliary architecture with both procedures. Although
further ultrastructural studies would be warranted to more
definitively document restoration of ciliary architecture,
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Fig.2 Postoperative biopsy from the same patient as in Fig. 1 from
the ESMD group showing restoration of epithelium (E) which
appears hyperplastic; basement membrane (B) is of normal thickness
and fibrosis of the lamina propria (L) is no longer present

findings of this study suggest that there is anatomical and
physiological restoration after surgery. Improvement in epi-
thelial architecture was consistent with the significant clini-
cal improvement in patients following surgery with either
type of procedure.

Hypertrophic turbinates not only reduce the nasal airway
but also cause increased accumulation of secretions on the
mucosal surface of the turbinates by obstructing normal
drainage. This increases the mucosal inflammatory response
of the turbinates. We speculate that the restorative changes in
the architecture of the turbinate mucosa following both these
procedures are due to an improved airway as well as reduced
accumulation of secretions on the mucosal surfaces of the
turbinates. Further, the efficacy of topical saline and steroid
sprays is enhanced by greater exposure to the mucosal sur-
face of the turbinate, resulting in a more normal turbinate
both endoscopically as well as histologically.

In both ESMD and ESMR, there is loss of mucosa and
submucosa following surgery. Following ESMD, the mucosa
superficial to the area that has been cauterised tends to
slough off in the first week after surgery. This could account
for the higher mean subjective scores for nasal obstruc-
tion after the first week in patients who underwent ESMD
compared to those who underwent ESMR. The epithelium
appears to be restored postoperatively by 3 months. In
ESMR there is restoration of normal mucosa after resection
of some submucosal tissue, perhaps by reducing the amount
of inflamed tissue produced by underlying allergy.

Epithelial shedding has been reported as a feature of
allergic rhinitis [8, 11]. In this study, classification of epi-
thelial denudation was done in a manner similar to Berger
et al. [8] who showed both partial and complete denuda-
tion of epithelium in inferior turbinate mucosal biopsies.
In addition, proportions of epithelium showing squamous
metaplasia and epithelial hyperplasia were also documented.

It was stated that this epithelial denudation could indicate
disruption of the mucosal barrier [2]. Ordonez et al. [12]
while studying endobronchial biopsies of patients with bron-
chial asthma comparing them with normal controls found
equal desquamation in patients and controls and, therefore,
concluded that these areas of denuded epithelium were, in
fact, artefacts. In the present study, because both intraopera-
tive and postoperative biopsies were performed, it could be
ascertained that the desquamation noted preoperatively sig-
nificantly improved in the postoperative biopsies and hence
these are unlikely to be sectioning artefacts. The clinical
consequences of surgical intervention are that patients expe-
rience significant improvement in symptoms postoperatively
and this restoration of epithelium correlates with clinical
improvement in these patients.

Basement membrane thickening was seen in 92.86% of
ESMD patients and 80% of ESMR patients preoperatively.
However, this feature was present only in 28.57% of ESMD
and 20% of ESMR patients postoperatively. Features of
mucosal remodelling have been well documented in vari-
ous upper and lower airway diseases. These changes include
thickening of the basement membrane, interstitial fibrosis,
lymphocytic infiltration, angiogenesis, epithelial destruc-
tion, goblet cell and mucosal glandular hyperplasia [13—15].
While there are several associations between allergic rhini-
tis and asthma, similar changes were not found consistently
in the upper airways in allergic rhinitis [14, 16]. Basement
membrane thickening has been described in patients with
allergic rhinitis and chronic rhinosinusitis [13, 17]. The
restoration of basement membrane to a normal state post-
operatively in our study may be due to the effect of these
procedures in reducing the allergic inflammation. It also
supports the theory of remodelling occurring in the upper
airways [15].

Mucociliary clearance requires not only intact epithe-
lium but well-functioning cilia and adequate secretions
from goblet cells and mucosal glands [18]. Epithelial thick-
ness, cilia, goblet cells and mucosal glands were observed
in this study to assess whether structurally the epithelium
was suited towards mucociliary clearance in any particular
group. While there were no significant changes in glandu-
lar numbers, both postoperative groups showed significant
improvement in cilia and goblet cell distribution.

Berger et al. demonstrated that fibrosis of the lamina
propria was a common abnormality in the hypertrophied
inferior turbinate [2]. It was also reported that the radi-
ofrequency cold ablation technique caused worsening of
epithelial integrity and increase in sub-epithelial fibrosis
[6]. In the present study, the mean grade of fibrosis was
higher preoperatively than postoperatively in both groups,
although the improvement postoperatively did not reach
statistical significance. Perivascular fibrosis, however,
significantly improved in the ESMD group. In the setting

@ Springer



European Archives of Oto-Rhino-Laryngology

Table 3 Comparison of intraoperative and postoperative ESMR biopsies

Characteristics ESMR intraop (n=15) ESMR postop (n=15) p value*
Epithelium Mean=+SD Mean +SD
Length of epithelium studied (mm) 11.03+6.08 11.22+6.61 0.741
Epithelial integrity Mean +SD Mean +SD p value
Analysis of epithelial integrity/structure (each component expressed as percentages of total length measured)
Percentage of intact epithelium 6.55+18.35 67.45+21.24 <0.001
Percentage with partial denudation 28.01+24.82 20.09+13.71 0.648
Percentage with complete denudation 63.73+31.31 0.35+0.88 <0.001
Percentage with epithelial hyperplasia 1.09+4.23 12.09 +20.25 0.062
Percentage with squamous metaplasia 1.06+4.10 0 0.317
Other epithelial characteristics Number (%) Number (%) p value

Basement membrane

Normal 3 (20) 12 (80) <0.001
Thickened 12 (80) 3(20)
Cilia
Normal 2(13.33) 14 (93.33) <0.001
Decreased/absent 3 (20) 1(6.67)
Unable to comment 10 (66.67) 0
Goblet cells
Normal 2(13.33) 10 (66.67) <0.001
Decreased/absent 3(20) 3(20)
Unable to comment 10 (66.67) 0
Hyperplasia - 2(13.33)
Lamina propria Mean number/mm? + SD Mean number/mm? + SD p value
Capillaries 45.080+34.834 46.600+18.702 0.431
Tissue eosinophils 9.067 +10.557 10.147 +13.463 0.740
Glands 34.133+20.577 46.611+26.311 0.152
Number (%) Mean grade (SD) Number (%) Mean grade (SD) p value
Interstitial oedema
Absent (grade 0) 8(53.33) 0.56 (0-2) 6 (40) 0.60 (0-1) 0.466
Mild (1) 6 (40) 9 (60)
Moderate (2) 1(6.67) 0
Severe (3) 0 0
Lamina propria fibrosis
Absent (grade 0) 1 (6.67) 1.81 (0-3) 1 (6.67) 1.40 (0-2) 0.004
Mild (1) 6 (40) 7 (46.67)
Moderate (2) 1(6.67) 7 (46.67)
Severe (3) 7 (46.67) 0
Perivascular fibrosis Number (%) Number (%) p value
Present 17 (70.83) 6 (40) 0.272
Absent 7(29.17) 9 (60)

*p value <0.05 taken as significant

of improvement of epithelial integrity and basement Schmidt et al. compared mucosal biopsies from patients
membrane architecture, this reduction in fibrosis post- with vasomotor rhinitis, allergic rhinitis and compensatory
operatively could be indicative of reduced inflammation  turbinate hypertrophy in septal deviation [19]. The authors
postoperatively. reported that the cause for reduced nasal patency in cases of
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Table 4 Comparison of data from postoperative biopsies after ESMD and ESMR

Characteristics ESMD postop (n=14) ESMR postop (n=15) p value*

Epithelium Mean +SD Mean+SD

Length of epithelium studied (mm) 11.02+5.33 11.22+6.61 0.779

Epithelial integrity Mean +SD Mean +SD p value

Analysis of epithelial integrity/structure (each component expressed as percentages of total length

measured)
Percentage of intact epithelium 65.10+19.90 67.45+21.24 0.885
Percentage with partial denudation 12.85+14.68 20.09+13.71 0.117
Percentage with complete denudation 0 0.35+0.88 0.184
Percentage with epithelial hyperplasia 22.04+23.11 12.09 +£20.25 0.218
Percentage with squamous metaplasia 0 0 1.000
Other epithelial characteristics Number (%) Number (%) p value
Basement membrane
Normal 10 (71.43) 12 (80) 0.682
Thickened 4 (28.57) 3 (20)
Cilia
Normal 11(78.57) 14 (93.33) 0.330
Decreased/absent 3(21.42) 1(6.67)
Unable to comment 0 0
Goblet cells
Normal 557 10 (66.67) 0.299
Decreased/absent 5(35.7) 3 (20)
Unable to comment 0 0
Hyperplasia 4 (28.6) 2 (13.33)

Lamina propria Mean number/mm? + SD Mean number/mm? +SD Mean
number/
mm?+SD

Capillaries 46.757+26.281 46.600+18.702 0.827

Tissue eosinophils 12.600 +20.856 10.147 +13.463 0.727

Glands 38.929+35.830 46.611+26.311 0.326

Number (%) Mean grade (range) Number (%) Mean grade (range) p value

Interstitial oedema

Absent (grade 0) 3(214) 1.07 (0-2) 6 (40) 0.60 (0-1) 0.076
Mild (1) 7(50) 9 (60)
Moderate (2) 4 (28.6) 0
Severe (3) 0 0
Lamina propria fibrosis
Absent (grade 0) 5@35.7) 1.14 (0-3) 1(6.67) 1.40 (0-2) 0.071
Mild (1) 4 (28.6) 7 (46.67)
Moderate (2) 3(21.4) 7 (46.67)
Severe (3) 2(14.3) 0

Perivascular fibrosis Number (%) Number (%) p value

Present 5(35.7) 6 (40) 0.812

Absent 9 (64.3) 9 (60)

*p value <0.05 taken as significant
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allergic rhinitis was interstitial oedema. In the present study,
severe interstitial oedema was not found in any of the biop-
sies preoperatively. The differences in interstitial oedema,
preoperatively and postoperatively in both groups were not
statistically significant. However, the postoperative ESMD
biopsies had more oedema than the postoperative ESMR
ones (p=0.076).

The present study is a short-term follow-up histological
study. Long term follow-up of the larger cohort for periods
ranging from 12 to 24 months showed a consistent improve-
ment in subjective scores. As several of our patients contin-
ued to use steroid nasal sprays postoperatively, treatment of
underlying allergy also, perhaps, contributed to symptom
relief. Some authors have found recurrence of nasal obstruc-
tion due to inferior turbinate hypertrophy in patients who
underwent ESMD over the long term despite significant ben-
efit in the short-term [20, 21]. This, however, was not seen
in patients who underwent ESMR [20-22].

Conclusion

Surgical intervention for inferior turbinate hypertrophy sec-
ondary to allergic rhinitis refractory to medical management,
both by endoscopic submucous diathermy as well as resec-
tion, results in the restoration of nasal mucosal epithelium
on histopathological examination as early as 3 months post-
operatively. There were, however, no significant differences
in clinical improvement or postoperative histopathological
differences between the two techniques at 3—6 months.

Acknowledgements The authors would like to acknowledge Ms. Mala-
vika B., Department of Biostatistics, Christian Medical College, Vel-
lore, India, who provided help with statistical analysis for this paper.

Funding This project was funded by an institutional research Grant
(IRB no. 9170), Christian Medical College, Vellore.

Compliance with ethical standards

Conflict of interest The authors have no conflict of interest to declare.

References

1. Bhandarkar ND, Smith TL (2010) Outcomes of surgery for infe-
rior turbinate hypertrophy. Curr Opin Otolaryngol Head Neck
Surg 18(1):49-53. https://doi.org/10.1097/M0O0O.0b013e3283
34d974

2. Berger G, Gass S, Ophir D (2006) The histopathology of the
hypertrophic inferior turbinate. Arch Otolaryngol Head Neck Surg
132(6):588-594. https://doi.org/10.1001/archotol.132.6.588

3. Berger G, Hammel I, Berger R, Avraham S, Ophir D (2000) His-
topathology of the inferior turbinate with compensatory hyper-
trophy in patients with deviated nasal septum. Laryngoscope

@ Springer

10.

11.

12.

13.

14.

15.

16.

17.

19.

20.

110(12):2100-2105. https://doi.org/10.1097/00005537-20001
2000-00024

Hegazy M, Mohamed A, El-Hennawy A, El-Fouly M (2014)
Histopathological study of hypertrophic inferior turbinate.
Egypt J Otolaryngol 30(1):23-29. https://doi.org/10.4103/1012-
5574.127189

Gindros G, Kantas I, Balatsouras DG, Kandiloros D, Manthos AK,
Kaidoglou A (2009) Mucosal changes in chronic hypertrophic rhi-
nitis after surgical turbinate reduction. Eur Arch Otorhinolaryngol
266(9):1409-1416. https://doi.org/10.1007/s00405-009-0916-9
Berger G, Ophir D, Pitaro K, Landsberg R (2008) Histopatho-
logical changes after coblation inferior turbinate reduction.
Arch Otolaryngol Head Neck Surg 134(8):819-823. https://doi.
org/10.1001/archotol.134.8.819

Neri G, Cazzato F, Mastronardi V, Pugliese M, Centurione MA,
Di Pietro R, Centurione L (2016) Ultrastructural regenerating
features of nasal mucosa following microdebrider-assisted turbi-
noplasty are related to clinical recovery. J Transl Med 14(1):164.
https://doi.org/10.1186/s12967-016-0931-8

Berger G, Bernheim J, Ophir D (2007) Epithelial shedding of the
inferior turbinate in perennial allergic and nonallergic rhinitis: a
riddle to solve. Arch Otolaryngol Head Neck Surg 133(1):78-82.
https://doi.org/10.1001/archotol.133.1.78

Lukka VK, Kurien R, Varghese L, Rupa V (in press) Endoscopic
submucosal resection versus endoscopic submucosal diathermy
for inferior turbinate hypertrophy. Indian J Otolaryngol Head
Neck Surg. https://doi.org/10.1007/s12070-018-1280-01JO0
-D-1700413.0

. Gertner R, Podoshin L, Fradis M (1984) A simple method of
measuring the nasal airway in clinical work. J Laryngol Otol
98(4):351-355

Watanabe K, Kiuna C (1998) Epithelial damage of nasal mucosa
in nasal allergy. Ann Otol Rhinol Laryngol 107(7):564-570. https
://doi.org/10.1177/000348949810700704

Ordonez C, Ferrando R, Hyde DM, Wong HH, Fahy JV (2000)
Epithelial desquamation in asthma: artifact or pathology? Am J
Respir Crit Care Med 162(6):2324-2329. https://doi.org/10.1164/
ajrecm.162.6.2001041

Bachert C, Pawankar R, Zhang L, Bunnag C, Fokkens WJ, Hami-
los DL, Jirapongsananuruk O, Kern R, Meltzer EO, Mullol J,
Naclerio R, Pilan R, Rhee CS, Suzaki H, Voegels R, Blaiss M
(2014) ICON: chronic rhinosinusitis. World Allergy Org J 7(1):25.
https://doi.org/10.1186/1939-4551-7-25

Constantino Gde T, Mello JF Jr (2009) Remodeling of the lower
and upper airways. Braz J Otorhinolaryngol 75(1):151-156

Van Bruaene N, Bachert C (2011) Tissue remodeling in chronic
rhinosinusitis. Curr Opin Allergy Clin Immunol 11(1):8-11. https
://doi.org/10.1097/ACIL.0b013e32834233ef

Bergeron C, Hamid Q (2005) Relationship between asthma
and rhinitis: epidemiologic, pathophysiologic, and therapeutic
aspects. Allergy Asthma Clin Immunol 1(2):81-87. https://doi.
org/10.1186/1710-1492-1-2-81

Alho OP, Karttunen R, Karttunen TJ (2004) Nasal mucosa in natu-
ral colds: effects of allergic rhinitis and susceptibility to recurrent
sinusitis. Clin Exp Immunol 137(2):366-372. https://doi.org/10.1
111/5.1365-2249.2004.02530.x

. Cohen NA (2006) Sinonasal mucociliary clearance in health and

disease. Ann Otol Rhinol Laryngol Suppl 196:20-26

Schmidt J, Zalewski P, Olszewski J, Olszewska-Ziaber A (2001)
Histopathological verification of clinical indications to partial
inferior turbinectomy. Rhinology 39(3):147-150

Joniau S, Wong I, Rajapaksa S, Carney SA, Wormald PJ (2006)
Long-term comparison between submucosal cauterization and
powered reduction of the inferior turbinates. Laryngoscope
116(9):1612-1616. https://doi.org/10.1097/01.mlg.0000227999
.76713.d3


https://doi.org/10.1097/MOO.0b013e328334d974
https://doi.org/10.1097/MOO.0b013e328334d974
https://doi.org/10.1001/archotol.132.6.588
https://doi.org/10.1097/00005537-200012000-00024
https://doi.org/10.1097/00005537-200012000-00024
https://doi.org/10.4103/1012-5574.127189
https://doi.org/10.4103/1012-5574.127189
https://doi.org/10.1007/s00405-009-0916-9
https://doi.org/10.1001/archotol.134.8.819
https://doi.org/10.1001/archotol.134.8.819
https://doi.org/10.1186/s12967-016-0931-8
https://doi.org/10.1001/archotol.133.1.78
https://doi.org/10.1007/s12070-018-1280-0IJOO-D-1700413.0
https://doi.org/10.1007/s12070-018-1280-0IJOO-D-1700413.0
https://doi.org/10.1177/000348949810700704
https://doi.org/10.1177/000348949810700704
https://doi.org/10.1164/ajrccm.162.6.2001041
https://doi.org/10.1164/ajrccm.162.6.2001041
https://doi.org/10.1186/1939-4551-7-25
https://doi.org/10.1097/ACI.0b013e32834233ef
https://doi.org/10.1097/ACI.0b013e32834233ef
https://doi.org/10.1186/1710-1492-1-2-81
https://doi.org/10.1186/1710-1492-1-2-81
https://doi.org/10.1111/j.1365-2249.2004.02530.x
https://doi.org/10.1111/j.1365-2249.2004.02530.x
https://doi.org/10.1097/01.mlg.0000227999.76713.d3
https://doi.org/10.1097/01.mlg.0000227999.76713.d3

European Archives of Oto-Rhino-Laryngology

21. Passali D, Passali FM, Damiani V, Passali GC, Bellussi L (2003) for hypertrophic inferior turbinates in patients with perennial
Treatment of inferior turbinate hypertrophy: a randomized clini- allergic rhinitis. Laryngoscope 118(7):1270-1274. https://doi.
cal trial. Ann Otol Rhinol Laryngol 112 (8):683-688. https://doi. org/10.1097/MLG.0b013e31816d728e

org/10.1177/000348940311200806
22. Chen YL, Tan CT, Huang HM (2008) Long-term efficacy of
microdebrider-assisted inferior turbinoplasty with lateralization

@ Springer


https://doi.org/10.1177/000348940311200806
https://doi.org/10.1177/000348940311200806
https://doi.org/10.1097/MLG.0b013e31816d728e
https://doi.org/10.1097/MLG.0b013e31816d728e

	Do turbinate reduction procedures restore epithelial integrity in patients with turbinate hypertrophy secondary to allergic rhinitis? A histopathological study
	Abstract
	Purpose 
	Methods 
	Results 
	Conclusions 
	Clinical Trials of India, Registry Number 

	Introduction
	Materials and methods
	Histological parameters assessed

	Results
	Demography
	Clinical features
	Postoperative status
	Histology of the inferior turbinate
	Qualitative assessment
	Quantitative assessment
	Comparison of intraoperative biopsies (Table 1) 
	ESMD group-comparison of intraoperative and postoperative biopsies (Table 2) 
	ESMR group-comparison of intraoperative and postoperative biopsies (Table 3) 
	Comparison of postoperative biopsies of ESMD and ESMR groups (Table 4) 



	Discussion
	Conclusion
	Acknowledgements 
	References


