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HISTOLOGICAL PECULIARITIES OF NASAL CAVITY MUCOSA IN PATIENTS WITH
DEVIATED NASAL SEPTUM AND POSTNASAL DRIP SYNDROME
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Nasal congestion is one of the most common complaints in otolaryngology. It is mostly caused by deviated nasal septum.
Anatomic changes in the deviated nasal septum significantly deteriorate the function of the upper airways. The study group includes
45 patients with the deviated nasal septum, and with complaints about difficult nose breathing and feeling of postnasal drip. A
control group of 29 people with deviated nasal septum, without postnasal drip. The studies revealed that the nasal mucosa of people
in control group has standard anatomy characteristics, with slight variations. The respiratory epithelium with ciliary, goblet and
intercalated calls in thin basal membrane was clearly distinguished. The lamina propria contained terminal mucosal glands parts
and blood lacunae. The study results evidence that deviation of the nasal septum leads to specific histopathological changes in the
nasal mucosa. These changes are significantly different on both sides of the nasal septum.

Key words: histology, postnasal drip syndrome, nasal septum deviation, nasal cavity, nasal mucus, mucociliary
transport.
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T'ICTOJIOI'TYHI OCOBJIUBOCTI CJU30BOI OBOJIOHKHA HOCOBOI NOPOXKHUHU
Y NALIEHTIB 3 BUKPUBJIEHHAM HOCOBOI NEPEALIKHA
TA CHHAPOMOM ITOCTHA3AJIBHOT'O CTIKAHHSA

3aKyaeHICTh HOCA € OIHI€I0 3 HAMMONMMPEHIIIHX CKapT, 3 SIKOI0 CTHKAETHCSL OTOpHHOIapuHTroior. OIHi€r0 3 MaToorii,
II0 COPUYNHIOE BUHUKHEHHS JAHOTO CTaHY € BUKPHUBJICHHS HOCOBOI mepeainku. [Ipu npoMy craHi BinOyBa€eThCsI KOMIICHCATOPHA
nepe0y10Ba BCiX CTPYKTYP MOPOKHUHU Hoca. I'pyna fnocikeHHs Bkirodana 45 marieHriB y Biui Bix 18 1o 55 pokiB 3 miaruozom:
BUKPHBJICHHS] HOCOBOI MEPEIIKU, Ta BIAYYTTAM IOCTHA3AIBHOTO CTiKaHH:. J[0 TPyIH KOHTPOIIO YBiHIuM 29 0ci6 1mio He Manu
CKapr Ha MOPYIICHHS HOCOBOTO AuXaHHA. IIpw mpoBeneHHI DOCIIKeHb MH CHOCTEpiranucs arpodidHi 3MiHH PecripaToOpHOTO
EMITeiIO0 BiJf HE3HAYHOTO IO BUPA3HOT'O CTYIIEHS 31 BTPATOIO crenn(pigHOro KIITHHHOTO CKIagy emiTenifo. B okpeMux Bumagkax
criocTepiranacs BUpa3Ha iHGUIBTpamis, [l AUITHKYA BUIIILAAIH K epo3uBHI AedexTH, mo 3aroinucs. IIpo me cBigumia HasBHICTh
TOHKOCTIHHUX KPOBOHOCHHX CYJIHMH, IiJBHUIIEHIH BMIiCT (idpodmacTranux i nimdoinHmux enemenTiB. BrnacHa mmactuaka Mictina
MaJIo KiHIIEBHX BIJJIUIIB 3aJ103 Ta KPOBOHOCHHX JaKyH. Hamii pe3yspTaTi CBi4aTh Mpo Te, MO0 BUKPHUBICHHS HOCOBOI IEpeIiTIKN
MIPU3BOJUTH 0 CHENU(DITHUX TiCTOMATONOTIYHMX 3MiH CIu30BOI. Lli 3MiHM KapAWHANBEHO BiAPI3HAIOTHECS IO OOWMABI CTOPOHHU
HOCOBOI TIEPEIiIKH.

KiiouoBi cjioBa: TiCTONOrSl, BUKPHBICHHS HOCOBOI MEPEIiJIKHM, MOCTHA3aJIbHUHM CHHAPOM, HOCOBA IOPOXKHHHA,
Ha3aJIbHUM CEKPEeT, MyKOIIITiapHUHA TPAHCTIOPT.

The study is a fragment of the research project “Development and improvement of new technologies in the diagnosis
and treatment of acute and chronic head and neck diseases™, state registration No. 0120U100813

Nasal congestion is one of the most common complaints in otolaryngology. It is mostly caused by
deviated nasal septum [11]. According to various authors, anatomic changes in the deviated nasal septum
significantly deteriorate the function of the upper airways, leading to snoring, vasomotor rhinitis, sinusitis,
and postnasal drip syndrome.

The definition of postnasal drip syndrome (PNS) has been widely discussed by scientists. J. Frank
described it as a common condition in the UK in the 19th century, defining it as a “pharyngeal type of
chronic catarrh”. The first to give the PNS a thorough analysis was Dobell in 1866, who defined it as a
“postnasal catarrh”, using the term which was previously used in reviews. The PNS most often
characterizes a nosological condition that is associated with other disorders, like a pathological process in
the nasal cavity, nasal sinuses, nasopharynx, where semifluid excretions flow down from the nasal cavity
to the lower airways [1, 2].

Usually, the area of the nasal cavity is about 150 cm2, and its volume —is about 15 ml. The specific
anatomy of the nasal mucosa provides humidification, temperature regulation, and filtration of the inspired
air, including filtration of the dust particles [5].

In a deviated septum all nasal structures undergo compensatory changes. These changes lead to
such complaints as difficult nasal breathing, rhinorrhea, headache, nasal discomfort, mucosal dryness, nasal
crusts, dry cough, and feeling of pharyngeal postnasal drip. The airflow dynamics directly depends on the
degree, localization, and type of nasal septum deviation. According to Okuda M., Kanda T., due to changes
in physiological dynamics of the airflow, compensatory nasal mucosa hypertrophy appears on the
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incurvation side; also accompanied by abnormal anatomic changes of osteo-meatal complex and disordered
mucus-ciliary clearance. Jang et al. studied increased inflammatory filtration and decreased gland acini in
the mucosa on incurvation mucosa within the lower concha, compared with the control. They also dealt
with the squamous metaplasia of the respiratory epithelium. According to Lakshit Kumar, lymphocyte
filtration rate and squamous mucosal metaplasia on incurvation nasal septum were higher than on the
convex one [8].

R.G. Mariappan in his study confirmed that patients with the deviated nasal septum, except for
histological changes of the mucosa, have mucus-ciliary clearance changes [9].

The purpose of the study was to investigate nasal mucus histology in patients with deviated nasal
septum and postnasal drip syndrome.

Materials and methods. The study was approved by the bioethical committee of the O.
Bogomolets National Medical University, and it was held on the university clinical premises. A previous
written consent from all patients was obtained.

The study group includes 45 patients (27 females and 18 males), aged 18-55 years old, diagnosed
with the deviated nasal septum. The diagnosis was confirmed by endoscopy and CT, and the patients were
admitted with complaints about difficult nose breathing and feeling of postnasal drip (Fig.1).

A control group of 29
people included patients,
diagnosed with deviated nasal
septum, which was confirmed
by endoscopy, without
complaints about difficult nose
breathing (Fig.2). The mucosa
samples were obtained during
surgeries of adjacent organs,
3 which were performed via

- endoscopy (orbit injuries, orbit

Fig.1. Patient with deviated septum in Fig.2. Patient with deviated septum, decompression, rhino-dacryo-
the middle, thorn-like deviation opposite from the deviation side cystostomy).

The histological study during septoplasty used samples of the lower nasal mucosa in the most
deviated nasal part and those from the opposite side, sized < 0.05 cm2. The samples were treated in the 4%
buffer formaldehyde (24 hours, 40C), after which they were embedded in paraplast [3]. The histological
samples, 4 mcm in width, were stained with hematoxylin and eosin, alcian blue under the pH 2.5, followed
by the PAS- reaction.

The assessment of the mucosa was grounded on:

1. The semi-quantitative reaction of hyperplastic / atrophic changes of respiratory epithelium:
where 0 — epithelium of relatively healthy people, 1 — affected homogenous property of an epithelial
structure [4].

2. Semi-quantitative assessment of general respiratory epithelium infiltration, ratio: Lymphocytes
/100 epitheliocytes in 5 positions of each sample.

3. Thickening of the respiratory epithelium basal membrane: presence/absence of characteristic

(+/-).

4. Semi-quantitative assessment of general infiltration of the mucosal lamina propria: 0 —
insignificant number of lymphocytes in relatively healthy people [4], 1 — twofold increase in the specific
density of the inflammatory infiltration cells, 2 — increase in the specific density of the inflammatory
infiltration cells by 2 — 5 times, 3 — increase in the specific density of the inflammatory infiltration cells by
over 5 times.

5. Semi-quantitative assessment of mucosal swelling degree: 0 — absent swelling, 1 — slight
swelling, 2 — moderate swelling, 3 — expressed swelling.

6. Semi-quantitative assessment of the mucosal lamina propria changes: 0 — absent bundles of
collagen fiber, 1 — collagen fiber bundles in the mucosal lamina propria, 2 — dense bundles of collagen
fibers, which occupy up to half of the mucosal incision, 3 — dense collagen fiber bundles occupying more
than half of the cut mucosa area.

7. Area of terminal secretory mucosal gland parts in Imm of its cut length (mm2/mm) (on digital
images (x200, 12214x920 pixels), using software Imag J (Wayne Rasband (NIH), USA).

8. Area of mucosal blood lacunae in 1 mm of its cut length (mm2/mm) (see point 7).
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9. Semi-quantitative assessment of glucosamine content in the goblet cells of respiratory
epithelium: 0 — absent glucosamine, 1 — insignificant content, 2 — expressed content (appropriate to that in
relatively healthy people), 3 — extensive content.

10. Semi-quantitative assessment of PAS+ in respiratory epithelium goblet cells: 0 — absent, 1 —
insignificant content, 2 — expressed content (appropriate to that in relatively healthy people), 3 — extensive
content.

11. Semi-quantitative content of the glucosamine on the mucosal secretory glandular cells: 0 —
absent, 1 — insignificant content, 2 — expressed content (appropriate to that in relatively healthy people), 3
— extensive content.

12. Semi-quantitative assessment of PAS+ in the mucosal secretory glandular cells: 0 — absent, 1
—insignificant content, 2 — expressed content (appropriate to that in relatively healthy people), 3 — extensive
content.

13. The obtained data were analyzed statistically, regarding the mean average, standard deviation,
and standard error and mean error. Student T-test was used to assess the mean figure reliability, with a
statistical significance threshold p<0.05.

Results of the study and their discussion. The studies revealed that the nasal mucosa of people
in control group has standard anatomy characteristics (Fig. 2A, Table 1), with slight variations. The
respiratory epithelium with ciliary, goblet and intercalated calls in thin basal membrane was clearly
distinguished (Fig. 2B). The epithelium contained single

lymphocytes and, sometimes observed, slight lymphocyte-plasmocytic infiltration. The mucosal
lamina propria was formed by rough connective tissue with small content of fibroblasts, lymphocytes, and
plasmocytes. It also contained macrophages and eosinophils. The lamina propria contained terminal
mucosal glands parts and blood lacunae. The respiratory epithelium goblet cells and secretory gland parts
included small content of glucosamines and proteoglycans Fig. 2C, 2D).

Fig. 2. Microscopic structure of the lower nasal concha cavity mucosa of a relatively healthy person. Microimage: A) Stained with
hematoxylin and eosin, x100 B) Stained with hematoxylin and eosin, x200. C) Stained with alcian blue and hematoxylin, x200. D) Pas
reaction, hematoxilin, x200.

The patients with deviated nasal septum develop several changes in the mucosa on the side of
deviation: thickening of respiratory epithelium and its disorganization (Fig. 3A). In expressed fibrosis of
the mucosal lamina propria its thickness changes, and the tissue resembles unilayer cubic epithelium where
the cell types are not distinguished. In most cases, general infiltration of the mucosal lamina propria is
observed, and it often spreads to the respiratory epithelium, which is accompanied by epithelial
consolidation. If the last one is thickened, without expressed inflammatory infiltration, goblet cell content
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rises, as well as the glucosamine and proteoglycan content. If it is infiltrated with lymphocytes, the content
of the recalled substances drops.

Table 1
Characteristics of histological changes
In the concave In the curved
Value Control . -
nasal septum side | nasal septum side
Hyperplastic/atrophic respiratory epithelium changes (units) 0.103+0.057/ | 1.667/0.111 0.133/1.911
0.207+0.085
Relation: lymphocytes.100 epitheliocytes in respiratory 9.276+0.387 | 18.1+0.472 10.83+0.342
epithelium
Respiratory epithelium basal membrane thickening (% cases) 3.448 88.89 4.444
Semi-quantitative assessment of the mucosa lamina propria 0.414+0.115 | 1.828+0.13 0.897+0.099
inflammatory infiltration
Mucosal swelling degree (units) 0.103+0.057 | 0.586+0.133 0.103+0.06
The mucosa lamina propria fibrous changes degree (units) 0.069+0.047 | 1.172+0.147 0.897+0.099
Area of terminal secretory areas of mucosal glands (mm?mm) 0.119+0.007 | 0.171+0.009 0.051+0.006
Area of blood lacunae of the mucosa (mm?/mm) 0.064+0.004 | 0.153+0.012 0.028+0.002
Glucosamine content in the respiratory epithelium goblet cells 1.966+0.077 | 2.448+0.115 0.621+0.091
(units)
PAS+ content in the respiratory epithelium goblet cells (units) 2.034+0.077 | 2.655+0.09 0.724+0.095
Glucosamine content in the mucosa gland secretory cells (units) 2.069+0.068 | 2.586+0.107 0.897+0.106
PAS+ content in the mucosa gland secretory cells (units) 1.966+0.077 | 2.655+0.09 1.103+0.091

In some cases, the described areas of the mucosa are characterized by expressed swelling. The
number of the mucosal glands, under such conditions, totally increases, but with the fibrous changes it, and
vice versa, falls. All this is also characterized by preglandular sclerosis. The same refers to glucosamine
and PAS-positive substance content in the gland secretory cells.

The mucosal lamina propria of such patients usually has more fibroblasts than that one of healthy
people. Quite often, rough collagen fiber bundles are observed, and these bundles may represent small, or
sometimes, huge fibrosis foci. Usually, the blood sinuses area increases, and in some cases — drastically
increases. Quite often, their walls undergo metamorphoses (Fig. 3B). Sometimes, thrombosis or fibrinous
mass may be observed in the lumen.

Two patients had smooth cell respiratory epithelium metaplasia on the septum deviation side (Fig.
3C), and the other two patients had polyps in their mucosa (Fig. 3D).

On the side, opposite to the septal deviation, most often, atrophic changes of respiratory epithelium were
observed, ranging from insignificant to expressed ones, with the specific epithelial cellular content loss. Its
inflammatory infiltration was not observed often, being sligh

N

Fig.3. Microscopic structure of the lower nasal concha cavity mucosa on the deviation side. Stained with hematoxylin and eosin,
microimage, x100.
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The mucosal lamina propria was slightly infiltrated. In several cases, expressed infiltration was
observed, the areas resembling erosive defects after healing. This was confirmed by thin-walled blood
vessel presence, as well as increased content of fibroblastic and lymphoid elements (Fig. 4A).

The lamina propria contained a few terminal glandular departments and blood lacunae. In both
cases, the mucosal lamina propria rough fibrous tissue transformation into the fatty tissue was observed
(Fig. 4C).

Atrophic changes of the mucosa were accompanied by a decrease or disappearance of the
glucosamines in the respiratory epithelium (Fig. 4D), and an increase of such substances in the gland
secretory cells (Fig. 4E). The same refers to the PAS+ substances content changes (Fig. 4F).
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Fig. 4. Microscopic structure of the lower nasal concha cavity mucosa on the deviation side. A) Stained with hematoxylin and eosin
,x100. B) Stained with hematoxylin and eosin,x200. C) Stained with hematoxylin and eosin,x200. D) Stained with alcian blue and hematoxylin,
x200. E) Stained with alcian blue and hematoxylin. X100. F) PAS reaction, hematoxylin,x100.

So, the conducted studies of the lower nasal concha cavity mucosa in patients with the deviated
nasal septum and the postnasal drip syndrome showed its expressed changes, which were opposite on
deviated and opposite side.

Generally, on the deviated (curved) side, these changes appear to be hyperplastic, with some
peculiarities, which are not characteristic of hyperplasticity. This may be connected with changes in airflow
due to distortion of normal architectonics of the nasal cavity, as well as that of mucociliary clearance, where
it is increased.

As a consequence, compensatory thickening of epithelium and intensified production of the
mucosa by goblet cells and mucosal cells are observed. Nonetheless, such compensatory reactions may be
insufficient, or they may terminate with time, which will lead to mucosal lesions, which will result in
mucosa inflammatory infiltration [10]. All this necessitates considering cellular cells of inflammatory
infiltrate and lymphocyte content, including regulatory lymphocytes [14, 15]. Respectively, various types
of the last ones may lead to opposite changes in the mucosa [3]. So, we could suppose, that the individual
peculiarity of the patient’s immune system may significantly affect changes in the mucosa.
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In other cases, inflammatory infiltration may become a secondary alternative factor [7], which will
lead to fibrous changes of the mucosa lamina propria and gland atrophy [2]. At the same time, a
phenomenon of expressed hyperplasia of the blood sinuses and their wall fibrosis may be observed. This
is probably related to individual reactive properties of the body, and, first of all, short-distance regulatory
effects of the immunocompetent cells [6], as well as activation of other molecular pathogenetic fibrosis
mechanisms [13].

Extreme manifestations of the mucosa chronic injury may be metaplasia of respiratory epithelium
into multilayer smooth one [8], or development of mucosal polyps [10].

The changes of mucosa on the opposite nasal side, on the convex nasal cavity side may be
characterized as atrophic-degenerative. Regarding the histological picture, it may be connected with poor
blood supply, which is confirmed by a decreased number of blood microvessels [12]. This may cause
atrophic changes in superficial epithelium and glands, as well as a decrease in their secretory function.
Besides, poor blood supply may lead to mucosal erosions with their following healing, which was observed
in the study. Under these conditions, a fatty transformation of the mucosa lamina propria connective tissue
is not impossible. Although, preserved blood lacunae of the mucosa without changes in their walls, go
contrary to such theory.

Deviation of the nasal septum is a cause of multiple morphological changes of the nasal cavity
lateral walls mucosa, which with time may lead to disordered nasal respiration and result in new
complications. The study results evidence that deviation of the nasal septum leads to specific
histopathological changes in the nasal mucosa. These changes are significantly different on both sides of
the nasal septum, though they are more expressed on the deviated (curved) side than on the convex.
Deviation of the nasal septum predisposes to changes in the histological structure of the nasal cavity,
hypertrophic changes in the curved side and atrophic in the convex, and, as a result, chronic inflammation
and disbalance in mucociliary clearance, which, in its turn, may serve mechanisms of the postnasal drip
syndrome.

1. Hrabovyy OM, Prosha MV. lIzopropanol-tseloyidyn-parafinovyy metod zalyvky materialu dlya histolohichnykh doslidzhen.
Ukrayinskyy zhurnal med. tekhniky ta tekhnolohiyi.1995 :44-47.

2. Ceylan SM, Uysal E, Sokucu M, Sezgin E, Kanmaz MA, Yurtseven, DG, et al. The effects of halofuginone on wound healing
in the rat nasal mucosa. American journal of rhinology & allergy. 2020; 34(1) :9-15. doi: 10.1177/1945892419866312.

3. EI-Morsy MA, Al Awady MK, Mostafa OM. Histopathological study of compensated inferior turbinate hypertrophy and its
hypertrophy in allergic rhinitis. The Scientific Journal of Al-Azhar Medical Faculty. 2020; 4(2) :269.

4. Harkema JR, Carey SA, Wagner JG, Dintzis SM, Liggitt D. Nose, sinus, pharynx, and larynx. Comparative Anatomy and
Histology. Academic Press. 2012; :71-94. https://doi.org/10.1016/B978-0-12-381361-9.00006-8

5. Herbert RA, Janardhan KS, Pandiri AR, Cesta MF, Miller RA. Nose, larynx, and trachea. In: Boorman's Pathology of the Rat.
Aw Suttle (ed). Academic Press. 2018; :391-435. https://doi.org/10.1016/B978-0-12-391448-4.00022-8

6. Huang E, Peng N, Xiao F, Hu D, Wang X, Lu L. The roles of immune cells in the pathogenesis of fibrosis. International Journal
of Molecular Sciences. 2020; 21(15) :5203.

7. Kim HS, Kim HJ, Kim N, Song JJ, Son BS, Yang, JH, et al. Toxicogenomic study to identify potential signaling alterations
related to nasal inflammatory damages induced by diesel exhaust particles in primary human nasal epithelial cells. Toxicology in
Vitro. 2020; 69 :104994. doi: 10.1016/j.tiv.2020.104994

8. Kumar L, Belaldavar BP, Bannur H. Influence of deviated nasal septum on nasal epithelium: an analysis. Head and neck
pathology. 2017; 11(4) :501-505. doi: 10.1007/s12105-017-0819-9

9. Mariappan RG, Dhanalakshmi M, Mathaikutty DM, Shanmugam R, Shanmugam VU, Swaminathan B, et al. Clinico-
pathological correlation and the effect of septal surgery on nasal mucociliary clearance. Sch J App Med Sci. 2014; 2 :1691-5.

10. Meng J, Zhou P, Liu Y, Liu F, i X, Liu S, et al. The development of nasal polyp disease involves early nasal mucosal
inflammation and remodelling. PloS one. 2013; 8(12) :82373.

11. Most SP, Rudy SF. Septoplasty: Basic and Advanced Techniques. Facial Plast Surg Clin North Am. 2017; 25(2) :161-169.
doi: 10.1016/j.fsc.2016.12.002

12. Sengul S, Kaygusuz I, Akin MM, Yalcin S, Karlidag T, Keles E, Arslan 1. The effect of OK-432 (Picibanil) injection on the
histopathology of nasal turbinate. The Journal of Laryngology & Otology. 2015; 129(12) :1208-1212.
doi: 10.1017/s002221511500273x

13. Shih YH, Wang TH, Shieh TM, Tseng YH. Oral submucous fibrosis: a review on etiopathogenesis, diagnosis, and therapy.
International journal of molecular sciences. 2019; 20(12) :2940. doi: 10.3390/ijms20122940

14. Xiong G, Xie X, Wang Q, Zhang Y, Ge Y, Lin W, Li M. Immune cell infiltration and related core genes expression
characteristics in eosinophilic and non eosinophilic chronic rhinosinusitis with nasal polyps. Experimental and Therapeutic
Medicine. 2020; 20(6) :1-1. doi: 10.3892/etm.2020.9310

15. Yang Q, Li C, Wang W, Zheng R, Huang X, Deng H, Wang D. Infiltration pattern of gammadelta T cells and its association
with local inflammatory response in the nasal mucosa of patients with allergic rhinitis. In International forum of allergy &
rhinology. 2019; 9(11) :1318-1326.10.1002/alr.22421

Crarrst Hamiinoa 12.06.2022 p.

39



