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	1. Chronic
Rhinosinusitis
Yada Sirisa, M.D.
Division  of Allergy, Immunology and Rheumatology Unit Department
of Pediatrics, King Chulalongkorn Memorial Hospital
 


	2. Outline
• Definition and  epidemiology
• Pathophysiology
• Predisposing factors
• Diagnosis, classification and differential diagnosis
• Management
 


	3. Definitions
Chronic Rhinosinusitis =  inflammation of the nose and paranasal sinuses with or without
nasal polyp: > 12 weeks without complete resolution of symptoms
Fokkens WJ, et al. Rhinology. 2020 Feb 20;58(Suppl S29):1-464., Middleton’s 9th edition
Inflammation of the nose and the paranasal sinus ≥ 2 symptoms
• Nasal blockage / obstruction / congestion or nasal discharge (anterior / posterior nasal drip)
• Facial pain/pressure
• Cough (day time, night time) in children
• Reduction or loss of smell in adult
AND
 


	4. Definitions
Fokkens WJ, et  al. Rhinology. 2020 Feb 20;58(Suppl S29):1-464., Middleton’s 9th edition
Endoscopic signs of:
• Nasal polyps, and/or
• Mucopurulent discharge primarily from middle meatus and/or - oedema / mucosal obstruction
primarily in middle meatus
CT changes:
• Mucosal changes within the ostiomeatal complex and/or sinuses
AND/OR
Chronic Rhinosinusitis = inflammation of
the nose and paranasal sinuses with or
without nasal polyp: > 12 weeks without
complete resolution of symptoms
 


	5. Definitions
Chronic: ≥12 weeks  with allergic symptoms including sneezing, watery rhinorrhea,
nasal itching, and itchy watery eyes without complete resolution of symptoms
CRS = complex disease consisting of several disease variants with different
underlying pathophysiology
Fokkens WJ, et al. Rhinology. 2020 Feb 20;58(Suppl S29):1-464.
 


	6. Definitions: subtype
When no  earlier sinus surgery has been performed
• CRSwNP: bilateral, endoscopically visualized polyps in middle meatus
• CRSsNP: no visible polyps in middle meatus, if necessary following decongestant
When sinus surgery has been performed
• CRSwNP: The presence of polyps >6 months after surgery on endoscopic examination
Fokkens WJ, et al. Rhinology. 2020 Feb 20;58(Suppl S29):1-464.
 


	7. Definitions: subtype
CRSwNP
• Adult-onset  asthma (onset after 18 years old) or
• Late onset asthma (onset after 40 years old)
CRSsNP
• Childhood-onset asthma or early onset asthma
Fokkens WJ, et al. Rhinology. 2020 Feb 20;58(Suppl S29):1-464.
 


	8. Epidemiology
The overall prevalence  of symptom-based CRS in the population has been found to be
between 5.5% and 28%
• 3-6% (symptoms + endoscopy or CT scan)
• The prevalence of allergy in CRS may vary by phenotype
More common in smokers than in non-smokers
Fokkens WJ, et al. Rhinology. 2020 Feb 20;58(Suppl S29):1-464.
 


	9. Epidemiology
• Associated with  asthma, with a prevalence of asthma around 25% in patients with CRS
compared to 5% in the general population
• Associated with COPD, NERD, hypogammaglobulinemia, and GER
• Smoking, air-pollution and occupational exposure are negatively correlated with CRS
(symptoms)
Fokkens WJ, et al. Rhinology. 2020 Feb 20;58(Suppl S29):1-464.
 


	10. Outline
• Definition and  epidemiology
• Pathophysiology
• Predisposing factors
• Diagnosis, classification and differential diagnosis
• Management
 


	11. Development of sinuses
Paranasal  sinuses are cavities
• Maxillary and ethmoidal sinus:
Partially present at birth
• Frontal and sphenoid sinuses:
Later, complete pneumatization at
mid-late adolescence
Middleton’s 9th edition
 


	12. Osteomeatal Complex
The ostiomeatal  complex: region for
ventilation and drainage of the maxillary
ethmoidal and frontal sinuses
Middleton’s 9th edition
 


	13. Sinus physiology
Peters A.T.,  et al. Ann Allergy Asthma Immunol 2014;113:347-385
The sinus cavities
ㆍAir, pseudostratified, ciliated columnar epithelia with goblet cells
ㆍCilia sweep mucus toward the ostial opening
Obstruction ostia
• mucous impaction à ↓oxygenation àanaerobic condition
• à purulent secretions à growth of bacteria
• ↓ air pressure à pain and pressure sensation
Sinonasal biofilms
ㆍcommunities of bacteria >> mucus layer
ㆍ evasion of host defenses, decreased susceptibility to antibiotic therapy
 


	14. Pathophysiology of CRS
Fokkens  WJ, et al. Rhinology. 2020 Feb 20;58(Suppl S29):1-464.
• CRS is typically an antegrade process with the mucosal inflammation triggered by a
dysfunctional interaction between exogenous agents inhaled through the nose and the host
immune system
• Specific causal factors likely vary in importance in individual patients leading to different types
or patterns of tissue inflammation (endotypes)
• The clinical characteristics (phenotypes), natural history and response to treatment: depend
on endotypes
 


	15. Pathophysiology of CRS
Fokkens  WJ, et al. Rhinology. 2020 Feb 20;58(Suppl S29):1-464.
 


	16. Pathophysiology of CRS:  Genetics
Fokkens WJ, et al. Rhinology. 2020 Feb 20;58(Suppl S29):1-464.
• CRS are considered ‘complex diseases’ where multiple genes are believed to participate in
disease development: Gene associated with epithelial barrier related and S. aureus carriage
• Currently restricted to extreme cases to understand the molecular underpinnings of disease
 


	17. Inflammatory mechanisms of  CRS
Fokkens WJ, et al. Rhinology. 2020 Feb 20;58(Suppl S29):1-464.
Type 1
- Intracellular pathogens, most commonly viruses
- IFN-γ
Type 2
- Large, extracellular parasites
- IL-4, IL-5 and IL-13
Type 3
- Extracellular bacteria and fungi
- IL-17 and IL-22
Physiologic immune responses
across mucosal boundaries
Each type of response utilizes a rapid response
mediated by an innate lymphocyte subset (ILC)
 


	18. Type 1 Inflammation  CRS
Fokkens WJ, et al. Rhinology. 2020 Feb 20;58(Suppl S29):1-464.
• Neutrophil activity
• Primary driver of barrier damage
• Nasal polyposis are less common than seen
in type 2 CRS and the pathways less certain
• Type 1 polyps are composed of fibrin matrix,
similar to type 2 polyps
ILC1 cells and dendritic cell
 


	19. Type 2 Inflammation  CRS
Fokkens WJ, et al. Rhinology. 2020 Feb 20;58(Suppl S29):1-464.
• Driven by IL-13
• The degree of tissue remodeling is
greatest (fibrin mesh formation and
barrier damage)
• Inhibition of t-PA (tissue plasminogen
activator) results in the deposition of a
fibrin mesh that forms the tissue
matrix of polyps
ILC2 cells and dendritic cell
 


	20. Type 2 Inflammation  CRS
Fokkens WJ, et al. Rhinology. 2020 Feb 20;58(Suppl S29):1-464.
Promsopa C, et al. Int Forum Allergy Rhinol. 2016 Apr;6(4):373-7.)
• Barrier damage in Type 2 CRS is often severe, and this may be a key driver of treatment failure
• Factors driving barrier damage include
- Autoimmunity
- Complement activation
- Chronically immature state of epithelial differentiation
• Strongly associated with asthma
- 48.3% of CRSwNP and 16.5% of CRSsNP had asthma
Mast cell activation and epithelial cell abnormalities
are key immune mechanisms that drive CRSwNP
 


	21. Type 2 Inflammation  CRS
Laidlaw TM, er al. J Allergy Clin Immunol Pract. 2021 Mar;9(3):1133-1141.
 


	22. Type 3 Inflammation  CRS
Fokkens WJ, et al. Rhinology. 2020 Feb 20;58(Suppl S29):1-464.
• IL-17, IL-22 and IL-23
• Neutrophil activity
• Primary driver of barrier damage
• Neutrophil response is particularly strong
in Type 3 immunity
• Polyp less than type 2
ILC3 cells and Th17 cells
 


	23. Associations between inflammatory
endotypes  and clinical phenotypes in CRS
Staudacher AG, et al. Ann Allergy Asthma Immunol. 2020 Apr;124(4):318-325.
Inflammatory endotypes based on a unique signature profile composed of
- Specific immune cells
- Inflammatory mediators
- Physiologic functions
Several associations between inflammatory endotypes and clinical features in patients with
CRS have been identified
- Smell loss: type 2 in all CRS
- Purulent nasal discharge: type 1 (CRSsNP), type 1 and 3 (CRSwNP)
 


	24. Associations between
inflammatory endotypes  and
clinical phenotypes in CRS
Staudacher AG, et al. Ann Allergy Asthma Immunol. 2020 Apr;124(4):318-325.
 


	25. Characterizations of inflammatory  endotypes in CRS
Kato A, et al. Allergy. 2022 Mar;77(3):812-826.
 


	26. Pathophysiology of CRS
Fokkens  WJ, et al. Rhinology. 2020 Feb 20;58(Suppl S29):1-464.
• Barrier penetration results in a chronic inflammatory response that fails to resolve, but still
typically utilizes the type 1, 2 or 3 pathways alone, or in combinations
• A pure or mixed type 2 endotype tend to be much more resistant to current therapies, exhibiting a
high recurrence rate when compared with pure type 1 or 3 endotypes
- Remodeling of sinonasal tissues in CRS consists most prominently of polyp formation,
goblet cell hyperplasia and epithelial barrier abnormalities.
- Greater permeability facilitating persistence or recurrence of CRS
- Barrier-related remodeling is driven directly by type 2 cytokines.
 


	27. Pathophysiology of CRS
Fokkens  WJ, et al. Rhinology. 2020 Feb 20;58(Suppl S29):1-464.
Environmental factor Host immunity
• Viruses
• Bacteria
• Fungi
• Others: allergens, air pollutants
• Innate
• Adaptive
 


	28. Pathophysiology of CRS:  Viruses
Fokkens WJ, et al. Rhinology. 2020 Feb 20;58(Suppl S29):1-464.
Rhinovirus - linked with exacerbations of CRS via damage of epithelial barrier
• Increased bacterial adhesion
• Increased susceptibility to secondary microbial infection
• Epithelial damage, necrosis reduction of epithelial barrier integrity
• Respiratory exacerbations (as in asthma, CF and bronchiectasis subjects)
• Ciliary dysfunction, impairment of mucociliary clearance and mucus overproduction
 


	29. Pathophysiology of CRS:  Bacteria dysbiosis
Fokkens WJ, et al. Rhinology. 2020 Feb 20;58(Suppl S29):1-464.
• The presence of particular bacteria is cause or a consequence of CRS: Unclear
• The resident microbiota imbedded in the respiratory mucus effectively provide the first line
of defense
• CRS phenotypes are associated with distinct microbiomes and the microbiomes change
after sinus surgery
• Biofilms are potentially an important factor in CRS pathogenesis explaining resistance to
conventional therapy
 


	30. Pathophysiology of CRS:  Bacteria dysbiosis
Liu Q, et al. Acta Otolaryngol. 2014 Dec;134(12):1251-8.
Fokkens WJ, et al. Rhinology. 2020 Feb 20;58(Suppl S29):1-464.
• S. aureus, Streptococcus, Haemophilus, Enterobacter and Corynebacterium species, gram-
negative aerobic and facultative anaerobic found in culture from middle meatal swabs of CRS
• S. aureus is the most common microbe associated with CRS
- TLR2 – Type 2 inflammation
- Secrete super-antigenic toxins
- Directly alter immune response, triggering locally produced polyclonal IgE
 


	31. Pathophysiology of CRS:  Fungus
Fokkens WJ, et al. Rhinology. 2020 Feb 20;58(Suppl S29):1-464.
• The most abundant organism sequenced was Aspergillus
• Fungi can be detected in all patients with and without CRS
• Fungi almost certainly play key roles in two CRS subtypes: fungal ball and allergic fungal
rhinosinusitis (AFRS)
 


	32. Pathophysiology of CRS:  Fungus
Fokkens WJ, et al. Rhinology. 2020 Feb 20;58(Suppl S29):1-464.
Fungal balls
• Usually unilateral
• More prevalent in middle aged to elderly females
• Histologically: entangled masses of fungal organisms embedded in fibrinous, necrotic exudate,
with minimal mucosal inflammatory reaction without tissue invasion or granulomatous
inflammation
 


	33. Pathophysiology of CRS:  Fungus
Fokkens WJ, et al. Rhinology. 2020 Feb 20;58(Suppl S29):1-464.
Fungal ball and allergic fungal rhinosinusitis (AFRS)
• Fungi have intrinsic protease effects that induce Type 2 cytokine signaling leading to
- Accumulation of eosinophilic mucin
- Local and systemic IgE responses to fungal antigens
• Secondary barrier damage may lead to the targeting of many other colonizing microbes thereby
blurring the distinction between AFRS and CRSwNP as the process evolves
 


	34. Pathophysiology of CRS
Fokkens  WJ, et al. Rhinology. 2020 Feb 20;58(Suppl S29):1-464.
• Severe CRS is, in general, not regarded as an allergic disease, but co-existing allergic rhinitis
will accentuate Type 2 inflammatory mechanisms of CRS
• Cigarette smoke exposure downregulates expression levels of E-prostanoid receptors and
stimulates the production of prostaglandin E2, IL-8 and TNF-α
• Heavy metal exposure associated with CRSwNP pathogenesis
 


	35. Pathophysiology of CRS:  Innate immunity
Fokkens WJ, et al. Rhinology. 2020 Feb 20;58(Suppl S29):1-464.
• Abnormalities of epithelial turnover and maturation may result in an immature, leaky barrier with
significance in CRS pathogenesis
• Several genes/molecules, such as SPINK5, S100A7, S100A8/9, PCDH1, NDRG1, SPRR, and p63
are involved in modulating the physical barrier function in CRS
• CRS is commonly associated with ciliary dysfunction
• IFN-γ and IL-13, but not IL-17 decrease differentiation of ciliated epithelial cells and secondary
reduction in ciliary beat frequency
• CRSwNP may be related to increased epithelial expression levels of TLR 2 and 4
 


	36. Pathophysiology of CRS:  Innate immunity
Fokkens WJ, et al. Rhinology. 2020 Feb 20;58(Suppl S29):1-464.
ILC are lineage and antigen receptor negative lymphocytes
• NK cells, ILC1, ILC2, ILC3 (correspond to the Th1, Th2, and Th17)
• Cytokines: IFN-γ, IL-5, IL-13, IL-17A, IL-22
• Function: first-line defenders in the airway epithelial barrier
• ILC 2 activated by IL-25, IL-33, TSLP from epithelial cell
• Functional plasticity depend on cytokine
• Distinct physiologic role and cytokine profile
• ILC2 cells are the best studied in CRS, playing a significant role in eosinophilic CRSwNP, and
possibly all CRS that exhibits Type 2 inflammation
 


	37. Pathophysiology of CRS:  Innate immunity
Fokkens WJ, et al. Rhinology. 2020 Feb 20;58(Suppl S29):1-464.
Neutrophil
• The degree of neutrophilic infiltrate is comparable between CRSsNP and CRSwNP
• CRSsNP is more distinctly a neutrophilic process
• CRSwNP is more eosinophilic process
• Driven by Type 3 cytokines, often co-exist with Type-2 cytokine-driven eosinophilia
Mast cells and platelet
• cysLTs, prostaglandins (PGD2) in CRSwNP and NERD
 


	38. Pathophysiology of CRS:  Innate immunity
Fokkens WJ, et al. Rhinology. 2020 Feb 20;58(Suppl S29):1-464.
Macrophage
• Conversion to M2 status may be important in Type 2 CRSwNP
• CCL23: key chemokine for the recruitment of macrophages into the polyp, which then convert to
M2 macrophage
• M2 macrophages: impaired ability to phagocytose and also secrete high levels of CCL18
(chemotactic for dendritic cells, naïve T cells, and Th2 cells) leads to CRSwNP
Eosinophils
• May be critical to polyp formation
 


	39. Pathophysiology of CRS:  Adaptive immunity
Fokkens WJ, et al. Rhinology. 2020 Feb 20;58(Suppl S29):1-464.
T cells
• Diminished Treg activity leading to chronicity of CRS
• Elevated numbers of Th2 cells and eosinophils: Western CRSwNP
• Increased Th1/Th17 and neutrophilia: Asian CRSwNP and CF polyps
• Any specific role for cytotoxic T cells remains unclear
 


	40. Pathophysiology of CRS:  Adaptive immunity
Fokkens WJ, et al. Rhinology. 2020 Feb 20;58(Suppl S29):1-464.
B cells and immunoglobulins
• The most common immunodeficiencies, typically associated with CRSsNP
• Low Ig can lead to recurrent acute sinus infection and ultimately CRSsNP
• B cell activation with excessive local antibody production: CRSwNP
 


	41. Outline
• Definition and  epidemiology
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	42. Predisposing factors of
CRSwNP  and CRSsNP
Allergy Ciliary impairment
Asthma and other lower airway diseases Smoking
NERD Pollution
Immunodeficiency OSA
Gastro-esophageal reflux disease (GERD) Metabolic syndrome and obesity
Nasal anatomic variations Vitamin D3
Microbiology Alcohol
Fokkens WJ, et al. Rhinology. 2020 Feb 20;58(Suppl S29):1-464.
 


	43. Predisposing factors: Allergy
•  Recommendation is allergy testing and treatment are an option in CRSwNP and CRSsNP
• Different phenotypes/endoptypes of CRS may have a variable associations with allergy
• HDM was significantly higher in CRSwNPs (16%) compared to CRSsNPs (9%).
• CCAD and AFRS having a stronger association than CRSwNP and CRSsNP.
• Allergic rhinitis (AR) is a highly prevalent disease and there is a significant overlap in
symptomatology between CRS and AR
Fokkens WJ, et al. Rhinology. 2020 Feb 20;58(Suppl S29):1-464.
 


	44. Predisposing factors: Asthma
and  other lower airway diseases
Fokkens WJ, et al. Rhinology. 2020 Feb 20;58(Suppl S29):1-464.
• GA2LEN studied: Strong association between asthma and CRS
• The chronology of developing asthma or CRS first is variable
• The prevalence of asthma ~25% in patients with CRS compared to 5% in the general population
• The prevalence of asthma: 21.2% in patients with CRSsNP, 44.9% in CRSwNPs and 73.3% in AFRS
• Asthma, allergy, eczema, food allergy, urticaria, COPD, bronchiectasis are risk factors of CRS
 


	45. Predisposing factors: NERD
Fokkens  WJ, et al. Rhinology. 2020 Feb 20;58(Suppl S29):1-464.
• The prevalence of respiratory reactions to NSAIDs was higher in participants with CRS symptoms
and asthma symptoms in last 12 months but was not associated with allergic rhinitis
• Patients with NERD had undergone 2x more sinus surgeries, significant younger at the time of their
first surgery than were patients with CRSwNP without N-ERD
• Extent of opacification on CT scan and recurrence of nasal polyps after surgery are more frequent in
NERD than in NSAIDs-tolerant CRSwNP patients
 


	46. Predisposing factors: Immunodeficiency
Fokkens  WJ, et al. Rhinology. 2020 Feb 20;58(Suppl S29):1-464.
• 23% of patients with difficult- to-treat CRS and 13% of individuals with recurrent CRS had
immunoglobulin deficiencies
• Prevalence of immune deficiencies could be up to 50% in “difficult to treat” cases of CRS
• The most frequent immune deficiency = hypogammaglobulinemia
- Common Variable Immunodeficiency (CVID) (10 % cases)
- Selective immunoglobulin A (IgA) deficiency (6% cases)
- Some subclass or specific antibody deficiency
 


	47. Predisposing factors: GERD
Fokkens  WJ, et al. Rhinology. 2020 Feb 20;58(Suppl S29):1-464.
• The relationship between GERD and CRS remains indeterminate due to its complexity
• CRS subjects had greater prevalence of intranasal Helicobacter pylori and acid reflux than
subjects without CRS
• Not clear that an anti-reflux treatment would be indicated for patients with recurrent CRS
• It has not yet been shown that reducing gastroesophageal reflux symptoms correlates with a
reduction of CRS symptoms
 


	48. Predisposing factors:
Nasal anatomic  variations
Fokkens WJ, et al. Rhinology. 2020 Feb 20;58(Suppl S29):1-464.
• The obstruction of the ostiomeatal complex has been suggested as a risk factor for developing CRS
• Significant association of septal deviation and rhinosinusitis
• Can affect the progression of the disease
 


	49. Predisposing factors:
Ciliary impairment
Fokkens  WJ, et al. Rhinology. 2020 Feb 20;58(Suppl S29):1-464.
• Defective muco-ciliary clearance, evidenced by impaired ultrastructure and/or function of respiratory
cilia, have also been implicated in CRS
• Extrinsic factors: pollutants and microbes can directly and indirectly impact normal cilia function
• Cycles of infection and inflammation, resulting in ciliary loss and a hyperviscous mucus blanket
generating dysfunctional muco-ciliary function
 


	50. Predisposing factors: Microbiology
Fokkens  WJ, et al. Rhinology. 2020 Feb 20;58(Suppl S29):1-464.
Virus
• Coronavirus was identified via molecular sequencing as the most common virus in patients with CRS
• Parainfluenza virus has been identified as a major cause of postinfectious olfactory dysfunction
and could have a potential role in the pathogenesis of CRS
• Role of the transient viral infection as the initial inflammatory stimulus in the pathogenesis of acute
exacerbations in CRS
 


	51. Predisposing factors: Microbiology
Fokkens  WJ, et al. Rhinology. 2020 Feb 20;58(Suppl S29):1-464.
Bacteria and biofilm
• Staphylococcus aureus, Pseudomonas aeruginosa, Haemophilus influenza and Moraxella catarrhalis
• S.aureus biofilms have the greatest association with severely recurrent and recalcitrant cases of CRS
• Estimated rates of biofilm formation range from 29 - 72%
• CRS patients with biofilm have more severe disease preoperatively and persistence of postoperative
symptoms, ongoing mucosal inflammation, and infections
 


	52. Predisposing factors: Microbiology
Fokkens  WJ, et al. Rhinology. 2020 Feb 20;58(Suppl S29):1-464.
Fungal infection
• Mild form of superficial colonization (saprophytic fungal infestation and fungal ball)
• Allergic manifestations (AFRS)
• Chronic granulomatous invasive fungal rhinosinusitis
 


	53. Fungi and host  immune response
• Allergic fungal rhinosinusitis (AFRS)
subset of polypoid chronic rhinosinusitis
• Characterized by the presence of
eosinophilic mucin with non-invasive
fungal hyphae within the sinuses and type I
hypersensitivity to fungi
• AFRS accounts for about 5-10% of CRS
Fokkens WJ, et al. Rhinology. 2020 Feb 20;58(Suppl S29):1-464.
Host immune determines the
clinical presentation
 


	54. Allergic fungal rhinosinusitis  (AFRS)
All 5 of the major criteria in the original Bent-Kuhn diagnostic criteria should be met to make the
diagnosis 3/5 are common in most cases of CRSwNP
Major criteria Minor criteria
1. Nasal polyposis
2. Fungi on staining
3. Eosinophilic mucin without fungal invasion into sinus tissue
4. Type I hypersensitivity to fungi
5. Characteristic radiological findings with soft tissue differential
densities on CT scanning and unilaterality or anatomically
discrete sinus involvement
Bone erosion
Charcot Leyden Crystals
Unilateral disease
Peripheral eosinophilia
Positive fungal culture
Absence of immunodeficiency or diabetes
Fokkens WJ, et al. Rhinology. 2020 Feb 20;58(Suppl S29):1-464.
 


	55. Allergic fungal rhinosinusitis  (AFRS)
Imaging Treatment
CT: shows densely packed
hyperdensities in the sinuses with
expansion and erosion of the bony walls
MRI: signal voids occur on both T1 and
T2 sequences
Surgery (= Mainstay medical treatment alone is usually ineffective)
Medication
- Oral steroids both pre- and postoperatively are of benefit
- Nebulized topical corticosteroids reduce recurrence
- Allergen immunotherapy was helpful in atopic individuals
- Oral antifungals may reduce recurrence but do not improve
symptoms
Fokkens WJ, et al. Rhinology. 2020 Feb 20;58(Suppl S29):1-464.
 


	56. Fungi and host  immune response
• A fungal ball: non-invasive collection of fungal
debris
• Anatomic variants are not major contributors
to their formation
• Maxillary sinus: often related to dental
interventions
• Management:
- Surgical (persistent dysfunction of the sinus
cavity with mucostasis was reported to be as
high as 18%)
- Medial maxillectomy (for some maxillary cases)
Fokkens WJ, et al. Rhinology. 2020 Feb 20;58(Suppl S29):1-464.
Host immune determines the
clinical presentation
 


	57. Fungi and host  immune response
• Invasive fungal rhinosinusitis (IFRS)
is almost always associated with
immunocompromise: Diabetes (50%)
and hematologic malignancy (40%)
• Fungal hyphae can be seen ‘within’ the
mucosal tissue, demonstrating classic
angio-invasion or other infiltrative
patterns
• Result in thrombosis, tissue infarction
and necrosis
Fokkens WJ, et al. Rhinology. 2020 Feb 20;58(Suppl S29):1-464.
Host immune determines the
clinical presentation
 


	58. Invasive fungal rhinosinusitis  (IFRS)
• The most common causative pathogens
• Zygomycetes (Rhizopus, Mucor, Rhizomucor)
• Aspergillus species
• Unilateral disease on radiology is typical
• Loss of contrast enhancement on MRI is more sensitive (86%) than CT (69%) in detecting invasive
fungal disease
• Serum analysis via PCR (serum or whole blood) and/or galactomannan for invasive aspergillosis
can be useful
Fokkens WJ, et al. Rhinology. 2020 Feb 20;58(Suppl S29):1-464.
 


	59. Invasive fungal rhinosinusitis  (IFRS)
There are three principles for treatment:
1. Systemic antifungals therapy should be started
2. Patients should undergo, at least, endoscopic surgical debridement of necrotic
sinonasal tissue, which may need to be repeated
3. The patient’s immune suppresson should be reduced when feasible.
Fokkens WJ, et al. Rhinology. 2020 Feb 20;58(Suppl S29):1-464.
 


	60. Predisposing factors:
Smoking and  Pollution
Fokkens WJ, et al. Rhinology. 2020 Feb 20;58(Suppl S29):1-464.
• The GA2LEN survey: current smoking and ex-smoking are significantly associated with CRS
• Tobacco is toxic to the nasal mucosa and toxins in cigarette smoke are pro-inflammatory and create
oxidative stress of the mucosa, leading to symptoms such as nasal obstruction, increased nasal
secretion and mucosal dryness
• Air pollutants were shown to correlate with CRS symptom severity that may be influenced by
exposure levels, with a more pronounced impact on CRSsNP patient
 


	61. Predisposing factors: Alcohol
Fokkens  WJ, et al. Rhinology. 2020 Feb 20;58(Suppl S29):1-464.
• Prevalence of nasal and bronchial alcohol hyperresponsiveness
• NERD > CRSwNP > CRSsNP and healthy controls
• Alcohol hyper-responsiveness is significantly more prevalent in CRSwNP patients suffering from
recurrent disease and in patients with severe symptomatology
 


	62. Acute exacerbations of  CRS (AECRS)
Fokkens WJ, et al. Rhinology. 2020 Feb 20;58(Suppl S29):1-464.
Exacerbation cause
• Bacterial infection
• Worsening of allergic rhinitis
• Acute viral respiratory infection
• Exacerbation of asthma
• Other stress factors including depression
 


	63. Acute exacerbations of  CRS (AECRS)
Fokkens WJ, et al. Rhinology. 2020 Feb 20;58(Suppl S29):1-464.
Predisposing factors
• Younger white, female, increased BMI, asthma, hay fever, migraine and history of sinus surgery
• Exacerbation prone phenotype associated with high sinonasal burden (SNOT score over 24) and
comorbid asthma, CRSwNP
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• Definition and  epidemiology
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	65. Diagnosis of CRS
Fokkens  WJ, et al. Rhinology. 2020 Feb 20;58(Suppl S29):1-464.
Clinical manifestation: History of
• Persistent cough, prolonged anterior and posterior nasal drainage, congestion
• Low-grade fever, irritability, and behavioral difficulties
• Headache, especially in the frontal area
• Frequent URI or recurrent sinusitis
• Additional history should focus on identification of any potential contributing factors
 


	66. Fokkens WJ, et  al. Rhinology. 2020 Feb 20;58(Suppl S29):1-464., Middleton’s 9th edition
 


	67. Diagnosis of CRS
Fokkens  WJ, et al. Rhinology. 2020 Feb 20;58(Suppl S29):1-464.
Allergy testing
• SPT, sIgE: potential role of allergy in CRS
• Provocation, BAT, CRD may help in establishing the final diagnosis
• However in the diagnosis of CRS these tests are seldom necessary
Blood eosinophilia, Total IgE
• Unclear whether it was essential to evaluate blood eosinophilia either at initial presentation
to ENT / secondary care, symptoms suggestive, endoscopy normal or abnormal
 


	68. Diagnosis of CRS
Fokkens  WJ, et al. Rhinology. 2020 Feb 20;58(Suppl S29):1-464.
• MRI and CT with contrast are also indicated if neoplasia or invasive fungal rhinosinusitis
are suspected or in the further investigation of olfactory loss
• Unclear whether it was essential to do a CT of the sinuses at initial presentation to ENT /
secondary care in a patient with symptoms highly suggestive of CRS irrespective of whether
the mucosa was abnormal or normal at endoscopy
• Essential to do CT in CRS after failure of appropriate medical or surgical treatment in
secondary care with continued symptoms and abnormal endoscopy
 


	69. Diagnosis of CRS
Fokkens  WJ, et al. Rhinology. 2020 Feb 20;58(Suppl S29):1-464.
Nasal endoscopy
• Essential part of the rhinological examination and correlates quite well with CT scan of the
sinuses in patients with CRS
Immunoglobulin
• Did not consider it essential to do an objective test of immunodeficiency at initial
presentation to ENT/ secondary care with highly suggestive symptoms of CRS irrespective of
whether the mucosa was abnormal or normal on endoscopy
 


	70. Diagnosis of CRS
Fokkens  WJ, et al. Rhinology. 2020 Feb 20;58(Suppl S29):1-464.
Smell test
• Unclear: At initial presentation to ENT/ secondary care with highly suggestive symptoms of
CRS and abnormal mucosa on endoscopy
• Not essential to do a smell test at initial presentation to ENT / secondary care with highly
suggestive symptoms of CRS and normal mucosa on endoscopy
• Unclear: After failure of appropriate medical or surgical treatment in ENT / secondary care with
continued symptoms and abnormal mucosa on endoscopy
 


	71. Diagnosis of CRS
Fokkens  WJ, et al. Rhinology. 2020 Feb 20;58(Suppl S29):1-464.
 


	72. Classification of CRS
Fokkens  WJ, et al. Rhinology. 2020 Feb 20;58(Suppl S29):1-464.
 


	73. Classification of CRS
Fokkens  WJ, et al. Rhinology. 2020 Feb 20;58(Suppl S29):1-464.
 


	74. Differential diagnosis
Fokkens WJ,  et al. Rhinology. 2020 Feb 20;58(Suppl S29):1-464.
AR and non-AR Vs CRS
• VAS of facial pain / pressure ≥ 4/10 showing 60% sensitivity and 95% specificity for detecting the
CRSsNP group (p < 0.01)
• The radiologic sign of an obstructed ostiomeatal complex showed 100% specificity and 38%
sensitivity for detecting the CRSsNP group (p < 0.01)
 


	75. Differential diagnosis
Fokkens WJ,  et al. Rhinology. 2020 Feb 20;58(Suppl S29):1-464.
• Smell disorders
- Post infection
- Post trauma
- Neurodegenerative
- Congenital
• Children hardly ever complain of olfactory dysfunction, the very reason why “loss of smell” has
been replaced by “cough” in pediatric CRS
• Primary disorders such as isolated congenital anosmia or syndromic forms such as Kallmann
syndrome are even more uncommon
When a child presents with loss of smell
careful history-taking combined with nasal
endoscopy and olfaction tests
 


	76. Differential diagnosis
Fokkens WJ,  et al. Rhinology. 2020 Feb 20;58(Suppl S29):1-464.
 


	77. Differential diagnosis
Fokkens WJ,  et al. Rhinology. 2020 Feb 20;58(Suppl S29):1-464.
Facial pain – primary headache
• The presence of (other) rhinosinusitis symptoms
• The correlation between the pain and other symptom
• Medication use (especially analgesics)
• Other nasal conditions than CRS (e.g., allergic rhinitis)
• The response of the facial pain/headache to previous nasal treatments such as nasal and oral
corticosteroids, antibiotics and/or surgery
• Perform nasal endoscopy to exclude CRS or other rhinological causes for the facial pain
• Use CT imaging only when in doubt
 


	78. Differential diagnosis
Fokkens WJ,  et al. Rhinology. 2020 Feb 20;58(Suppl S29):1-464.
• Acute exacerbate on CRS
- Migraine are more likely to be mistaken
- Dental infection
- GERD
- Cystic fibrosis, primary ciliary dyskinesia
- Vasculitis and sarcoidosis
 


	79. Differential diagnosis
Fokkens WJ,  et al. Rhinology. 2020 Feb 20;58(Suppl S29):1-464.
Difficult to treat CRS patients à evaluation of the patient’s immune system
• Immune deficiency has to be considered if the patient’s history suggests frequent infections and
is more common in patients with exacerbation of CRS
Pediatric CRS can encompass chronic cough (rather than loss of smell)
• DDx: adenoid hypertrophy/ adenoiditis, asthma, or GERD
• Adenoid hypertrophy/adenoiditis and CRS can be hard to distinguish, especially in the very young
 


	80. Pediatric CRS
Fokkens WJ,  et al. Rhinology. 2020 Feb 20;58(Suppl S29):1-464.
• Anatomic variations in the sinus: More frequent in older children, but do not seem to be related
to the presence of CRS
• No evidence that viral infections contribute to pediatric CRS
• Passive smoking present with more severe disease, worse clinical scores and higher rates of
revision surgery
• More likely to also present with AR and/or asthma (strong correlation between asthma and
pediatric CRS) – need further study
 


	81. Pediatric CRS
Fokkens WJ,  et al. Rhinology. 2020 Feb 20;58(Suppl S29):1-464.
• Adenoids have a significant impact on the development of CRS in younger children
- The first line of surgical management of CRS in younger children is an adenoidectomy
• Associated with GERD seems to be strong in children. (weak evidence and does not support the
routine treatment of GERD in children with CRS)
• CRSwNP in pediatric: sweat chloride test for CF
• Primary ciliary dyskinesia should be suspected in children with refractory
 


	82. Pediatric CRS
Fokkens WJ,  et al. Rhinology. 2020 Feb 20;58(Suppl S29):1-464.
• CRS and pulmonary diseases, especially in those with concomitant bronchiectasis, situs
inversus totalis or spermatozoid abnormalities
• Immunodeficiency – higher rate than adult
- Low levels of immunoglobulins A, G, and subclasses
- Poor response to pneumococcal vaccine, protein vaccines
- Children with CRS refractory to appropriate medical treatment should be evaluated for
humoral immune deficiency
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	84. Diffuse bilateral
Unilateral
Fokkens WJ,  et al. Rhinology. 2020 Feb 20;58(Suppl S29):1-464.
 


	85. In secondary /  Tertiary care
• Nasal endoscopy can confirm disease
• Point to secondary CRS (e.g. vasculitis)
• DDx between localized and diffuse disease
Fokkens WJ, et al. Rhinology. 2020 Feb 20;58(Suppl S29):1-464.
 


	86. Additional work up:  CT, endotype
Optimum techniques, compliance
CRS is a chronic disease
• ESS a step in the management that is
primarily aimed at creating better
conditions for local treatment
• After surgery continuous appropriate
medical treatment is mandatory
Fokkens WJ, et al. Rhinology. 2020 Feb 20;58(Suppl S29):1-464.
 


	87. Management of CRS  in children
Fokkens WJ, et al. Rhinology. 2020 Feb 20;58(Suppl S29):1-464.
 


	88. Fokkens WJ, et  al. Rhinology. 2020 Feb 20;58(Suppl S29):1-464.
Management of CRS in adult
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Management of CRS in children
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Management of CRS in adult
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Management of CRS in adult
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Management of CRS in adult
 


	93. Biologics in CRS
Fokkens  WJ, et al. Rhinology. 2020 Feb 20;58(Suppl S29):1-464.
 


	94. Biologics in CRS
Fokkens  WJ, et al. Rhinology. 2020 Feb 20;58(Suppl S29):1-464.
Indication
In a patient who had sinus surgery or
was not fit for surgery 3/5 criteria
 


	95. Biologics in CRS
Fokkens  WJ, et al. Rhinology. 2020 Feb 20;58(Suppl S29):1-464.
Defining response to biologic treatment
EPOS2020: Whether there was an
indication to repeat surgery in patients
on biologicals ?
Insufficient data to advise on surgery whilst
on biologicals before deciding that they are
not effective
 


	96. Fokkens WJ, et  al. Rhinology. 2020 Feb 20;58(Suppl S29):1-464.
 


	97. Biologics in CRS
Bachert  C, et al. J Allergy Clin Immunol. 2021 Jan;147(1):29-36.
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	102. Defining response to  biologic treatment
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	106. Agache I, et  al. Allergy. 2021 Aug;76(8):2337-2353.
Omalizumab
in CRSwNP
Reduction in need
for surgery
Improved QOL,
smell, and nasal
symptoms
Reduction use of
rescue medication
(Steroid and ATB)
 


	107. Agache I, et  al. Allergy. 2021 Aug;76(8):2337-2353.
Dupilumab in
CRSwNP
Rescue nasal
polyp surgery or
OCS use
Improved QOL,
smell, and nasal
polyp score
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Mepolizumab
in CRSwNP
Reduction in need
for surgery
Improved smell
and SNOT 22
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Reslizumab in
CRSwNP
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