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Auto-remodeling plays an important role in the tissue-repair of all organs. It is 
a dynamic process observed in the respiratory mucosa. Persistent inflammation 
induces production and degradation of an extracellular matrix that may lead to 
either a normal or a pathological reconstructive process with anatomical and 
functional consequences.  Respiratory mucosa (Figure 1) represents 95% of all 
nasal mucosa; only 5% of it is olfactory epithelium. Tissue-remodeling takes 
place in all nasal mucosa, which is composed of epithelium (great inflammatory 
and remodeling activity), basement membrane, lamina propria, a vascular layer, 
and supporting connective tissue (extracellular matrix) that may also have 
inflammatory activity.

Figure 1.  Respiratory mucosa

The nasal mucosa has important functions as a protective physical barrier for 
the airway and in conditioning inspired airflow. Its epithelial cellular component 
(pseudostratified columnar epithelium) assures formation of new epithelial cells, 
production of mucus, and transportation of cells. In asthma, it is accepted that 
structural changes and remodeling occur in addition to classic inflammation. 
In allergic rhinitis, remodeling is less extensive than in patients with asthma. 
Nasal and paranasal wound-healing involves processes such as inflammation, 
proliferation of cells, deposition of a matrix, and remodeling. This is regulated by 
growth factors and cytokines.



128 VII IAPO MANUAL OF PEDIATRIC OTORHINOLARYNGOLOGY�

Genetic influences, fetal exposures, and early life events may contribute to struc-
tural changes such as subepithelial fibrosis from an early age. A long-term disease 
and uncontrolled inflammation are related to other structural changes. These 
changes may alter protective functions of the upper airway such as mucociliary 
clearance and conditioning of the airflow. All these structural changes are due to 
persistent inflammation in the upper and lower respiratory airway.
The superior airway has an ectodermic origin, and lack of smooth muscle tissue-
remodeling there induces persistent edema and fibrotic tissue that also narrows the 
airway (Figure 2 A). The lower airway has an endodermic origin that may induce 
tissue-remodeling (Figure 2 B) such as smooth muscle hypertrophy, increases 
in thickness and number of blood vessels, hypertrophy of mucous glands, and 
associated bronchiolar narrowing.  

Figure 2 A and B. Tissue remodeling upper airway – lower airway                             

Types of Remodeling in the Upper Airway
A normal remodeling phase attenuates inflammatory response, diminishes 
angiogenesis, decreases fibroblastic proliferation, and brings changes in an 
extracellular matrix and a balance between production of collagen and lysis. 
Pathological conditions such as inflammation and trauma in the upper respiratory 
airway induce various other types of remodeling: 

Allergic rhinitis: Inflammation and persistent edema.1. 
Synechiae/nasal adhesions: Persistent fibrotic tissue.2. 
Chronic rhinosinusitis without polyps: Edema and fibrosis.3. 
Chronic rhinosinusitis with polyps: Inflammation, edema, fibrosis, 4. 
degradation of glands and vessels, infiltrates.

Allergic Rhinitis
Remodeling of an airway associated with long-term allergen-challenge can 
occur in the nasal mucosa. Elements like monocytes and eosinophils release 
great numbers of chemical mediators like histamine, leukotrienes, proteolytic 
enzymes, proteases, and interleukins.  Bronchial and nasal remodeling can 
develop simultaneously and may be influenced by genetic factors. Persistent 
allergen-exposure induces nasal hyperactivity. Epithelial hyperplasia, vascular 
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and mucosal exudation, exudation of albumin, increased angiogenesis, sub-
epithelial fibrosis, and deposition of an extracellular matrix occur in mucosa of 
the nasosinuses. Other changes are inflow of plasmatic proteins, proteinaceous 
degradation, augmentation of fibroblastic metabolism, hyperplasia of goblet cells, 
and deposit of type I and type III collagen.
Nasal Adhesions or Synechiae
This condition presents as a result of nasal trauma, usually iatrogenic.  Fibrotic 
bridges of connective tissue obstruct mucociliary clearance and predispose to 
recurrent and prolonged infection. Great amounts of fibroblasts are seen in the 
extracellular matrix. 
Chronic Rhinosinusitis without Polyps
The inflammatory component is essential in this condition. The basement 
membrane presents a remarkable component of edema and thickening, hyperplasia 
of goblet cells, sub-epithelial edema, notable fibrosis (collagen deposit), and 
infiltration of mononuclear cells.
Chronic Rhinosinusitis with Polyps
This condition presents severe sub-epithelial inflammation with greater damage, 
massive edema, fibrosis of the lamina propria, degradation of glands and 
vessels, and eosinophilic and fibroblastic infiltration. Recent studies suggest that 
mammaglobulin may contribute to the formation of polyps. Activated eosinophil 
EG2+ has also been found around blood vessels and glands in 80% of patients 
with nasal polyps.
Cellular Element:  Fibroblasts
Fibroblasts are the essential cells in tissue-remodeling. They are derived from 
mesenchymal progenitors, and they modulate immune-response. Fibroblast-
activation (transformation of fibroblasts into myofibroblasts) is mediated by 
growth factors and is a significant event that induces all the disorders involving 
extracellular matrix. Main components in producing extracellular matrix include 
glycosaminoglycans and glycoproteins, which have the capacity to maintain and 
enhance inflammation.
In patients with asthma, fibroblasts maintain the initial inflammation and antiviral 
response and promote endothelial vascular releases of growth factor under hypoxic 
conditions. In patients with chronic rhinosinusitis without polyps, endogenous 
and exogenous proteases promote maturation, production, and proliferation of 
collagen.  Fibroblastic activity induces IL6, IL8, chemokines and tumor-necrosis 
factor. Great numbers of myofibroblasts and deposition of extracellular matrix 
induce formation and recurrence of polyps, and we can observe increments of 
collagen type I, II, and V. 
All changes in the sequence of wound-repair in mucosa of the upper airway 
after surgery are expressions of the complexity of tissue-remodeling and can be 
considered  an important source of information for better understanding of the 
complex relationship  between inflammatory reactions in damaged tissue and 
normal fibroblastic metabolism in the upper airway.
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