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Abstract
Introduction: Today, chronic polypous rhinosinusitis (CPR) occupies a special place among otolaryngological diseases, the incidence rate of which increases every year. To date, the main causes of chronic polypous rhinosinusitis are
Staphylococcus aureus and anatomical abnormalities.
Diagnostics: Knowledge of a universal algorithm for the diagnosis of this disease, consisting of the collection of anamnesis, endoscopic examination of the nasal cavity, computed tomography of the paranasal sinuses, anterior active
rhinomanometry and bacteriological determination of the microbial spectrum, allows diagnosing chronic polyposis
rhinosinusitis in time, and, as a consequence, to prescribe a treatment.
Treatment: This review describes conservative therapies, including antibiotics and glucocorticosteroids. Today, the
main task of doctors is to find the most effective method of administration of glucocorticosteroids to achieve the maximum effect. One of these methods is the introduction of the drug with the help of nebulizer, as in this case, the drug
will remain in the perirhinal cavity for a long time and have the maximum effect due to the directed action only in the
area of the pathological process.
Features of chronic polypous rhinosinusitis in childhood: It should be noted that children under 12 years of age due
to the formation of the paranasal sinuses at different stages of ontogenesis will be characterized by different forms of
chronic polyposis rhinosinusitis. That is why they should be known and taken into account when making a diagnosis
and prescribing a treatment.
Conclusion: Today, the frequency of chronic rhinosinusitis increases exponentially, which makes the question of the
modern approach to its treatment the most relevant. It is possible that additional research in this area will solve the issue
of searching for both the optimal path of therapy and treatment of CPR in children.
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Introduction
Chronic polypous rhinosinusitis (CPR) is an inflammation of the mucous membrane of the paranasal sinuses
and the nasal cavity, leading to recurrent growth of polyps

and characterized by a long course of disease (McCann
et al. 2016; Ramakrishnan et al. 2016). According to statistics, the global prevalence of chronic rhinosinusitis is
11.81±5.81%, with a minimum of 1.01% in South Korea
and a maximum of 57.6% in India (Shamkina et al. 2019).
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In Russia, the average CPR prevalence rate was about 5%
(Pestova et al. 2018).
The main causes of CPR according to (Ramakrishnan
et al. 2015; Tomassen et al. 2015; Cope et al. 2017; Pestova et al. 2019; Sharma et al. 2019; Viswanatha 2019; Carretero-Vicario et al. 2020; Kennedy and Gerber 2020) are:
1) Bacterial nature:
• Streptococcus pneumoniae;
• Haemophilus influenzae;
• Moraxella catarrhalis;
• Streptococcus pyogenes;
• Staphylococcus aureus;
• Chlamydias;
• Mycoplasmas;
2) Fungal nature:
• Candida;
• Aspergillus;
• Penicillum;
• Alternaria;
• Rhizopus;
• Absidia;
3) Anatomical abnormalities of the osteomeatal complex;
4) Secondary immunodeficiency and/or allergies;
5) Persistent viral infection, such as:
• Rinovirus;
• Adenovirus;
• Respiratory syncytial;
• Parainfluenza virus;
• Coronavirus, etc.
6) Genetic factors (Association of allelic genes HLADRB1, -DQA1, -DQB1).
The most frequent causes are Staphylococcus aureus
and anatomical anomalies (Dennis et al. 2016).

Diagnostics
A single algorithm has been proposed for the diagnosis of
CPR, including the collection of patient complaints and
anamnesis, endoscopic examination of the nasal cavity to
determine the prevalence of the polyposis process, computed tomography of the paranasal sinuses to assess the
severity of their lesions, anterior active rhinomanometry
to assess the respiratory function of the nasal cavity and
bacteriological determination of the microbial spectrum
of the paranasal sinuses (Eremenko 2017).
Yet there is no exact mechanism for the pathogenesis of
the development of CPR. According to one theory, Staphylococcus aureus superantigens affect the local IgE production, causing an inflammatory process that leads to the
development of polyposis (Nakatsuji et al. 2017; Paylush
et al. 2018). But there is also another theory based on the
presence of colonies of microorganisms in the form of bio-

films on the mucous membrane, which lead to sensobilization to TNF-α, destruction of the epithelium and the formation of polyps (Kirdeeva and Kosjakov 2017; Kartush et al.
2019). In any case, the patient has edema caused by retention of tissue fluid and accumulation of metabolic products
(Jossé 2019). This is due to changes in microcirculation in
the area of the middle nasal passage (vasomotor reactions),
narrowing of arterioles and a decrease in the number of
functioning capillaries (Ho et al. 2018; McHugh et al.
2018; Smith and Alt 2020). The inflammation induced by
CPR occurs by the mechanism of Th2-inflammation and is
associated with the synthesis of IL-5, IL-4, IL-13, IL-32,
thymostromal lymphoprotein and IgE. At the same time,
the second type of inflammatory reaction, which is characterized by TGF-β expression, tissue neutrophilia, activation of dendritic cells and tissue fibrosis, leads to chronic
rhinosinusitis, which occurs with purulent inflammation in
the paranasal sinuses, but without the polyp growth.
Previously, the most common method of treating this
type of rhinosinusitis was surgery, but now doctors try
to adhere to conservative methods of treatment, which
include systemic antibiotics, antileukotrienovye drugs,
monoclonal antibodies, and intranasal glucocorticosteroids (Bachert et al. 2016; Tharakan et al. 2018; Jankowski
et al. 2019).
There are several stages during CPR (Table 1).
With a long course of the disease or improper treatment of CPR, rhinogenic complications may occur. They
can be divided onto (Opoku-Buabeng and Lartey 2017):
1) Intracranial:
• arachnoiditis;
• extradural abscess;
• subdural abscess;
• meningitis;
• brain abscess;
• thrombosis of the sinuses of the dura mater;
2) Orbital (Ting and Hopkins 2018):
• periostitis;
• subperiosteal abscess;
• edema of the eyelids and eye tissue;
• abscess of the eyelids;
• phlegmon of the eye socket;
• retrobulbar neuritis
3) Rhinogenic sepsis.

Treatment
The oldest methods of the treatment of CPR are surgery
and laser technologies. However, due to the high risk of
injuries from these methods, conservative therapy (with
antibiotics and glucocorticosteroids) is now used (Bulfamante et al. 2019).
Treatment of CPR should begin with the eradication
of the pathogen, considering the resistance of the micro-
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Table 1. The Main Symptoms That Occur at Different stages of the Development of CPR (DeConde et al. 2017; Kartush et al. 2018;
Oakley et al. 2018; Orgain and Harvey 2018; Tsetsos et al. 2018).
Stage
Stage 1 (persistent diffuse edema of the mucous membrane in
the middle nasal passage)
Stage 2 (polyps are within the middle nasal passage)
Stage 3 (polypose changes of the mucous membrane on the
medial surface of the middle nasal concha)
Stage 4 (the presence of polyps in the general nasal passage)

Symptoms
Slight nasal congestion, difficulty breathing through the nose (may be
inconstant)
Persistent congestion, mucous discharge from the nose, decreased sense of smell
Breathing through the mouth, a sharp decrease in the sense of smell, mucous or
purulent-mucous discharge from the nose, nasal twang
Constant breathing through the mouth, headache and rapid fatigue, speech
distortion due to pronounced nasal twang

organism and the pharmacological effect of antibiotics
(Feshchenko et al. 2016; Grayson et al. 2019; Iqbal et al.
2020). Currently (according to the Eurasian Clinical Recommendations 2016, which are still currently), antibiotics
used for the treatment of infectious diseases of the upper
respiratory tract are usually divided into 3 lines of therapy
(Song et al. 2019):
1. They provide high clinical efficacy and has a minimal effect on the growth of respiratory pathogens.
These are the safest drugs for humans.
2. They are active against the main respiratory pathogens. They are used, as a rule, with a high probability of resistance of the main pathogens, with longterm, recurrent infections and in complex clinical
situations.
3. They are used in cases of anaphylaxis to penicillin
drugs (beta-lactams).
The most used antibiotics, which are characterized by
high efficacy and hypoallergenicity, and their mechanisms
of action are shown in Table 2.
It should be noted that the above drugs are typical for
the treatment of adults, since the question of the use of
certain drugs, in particular, a decongestant, in pediatric
practice is still open (Bachert and Zhang 2019). Often,
instead of decongestants, topical nasal steroids are used to
relieve edema in children (from the age of two).
Normally, as is known, the sympathetic nervous system maintains the level of the vascular structure, and the
parasympathetic nervous system causes vasodilation, and,
therefore, contributes to the blood filling of the mucous
membrane and an increase in the amount and a decrease
in the viscosity of mucus. In addition to the decongestants
(Laidlaw et al. 2019; Morozova et al. 2019), which regulate vascular tone, adrenomimetics can be used: direct
and indirect, acting on the adrenoreceptors (α-1,2 and β)
(Chong et al. 2020). However, their use is not appropriate if a patient has left ventricular systolic dysfunction,
chronic heart failure, thyrotoxicosis and other conditions
indicated as contraindications to these drugs.
Talking about preparations of plant origin, it is necessary to mention plant complexes that include limonene,
cineol and α-pinene (Table 3). The pharmacological effects of such drugs are well studied, so they are often used
in the treatment of CPR (Lin and Kacker 2019):

• mucosecretolytic – to reduce the viscosity of secret
due to the break of disulfide bonds, an increase in
the frequency of oscillation of cilia of ciliated epithelium, which facilitates the outflow of secretions
from the paranasal sinuses;
• anti-inflammatory, due to the neutralization of oxygen OH-radicals, and a reduced synthesis of ethylene and histamine level;
• antibacterial, manifested in bacteriostatic action on
the main pathogens (Szaleniec et al. 2019).
It is known that the most potent anti-inflammatory
drugs are glucocorticosteroids (GCSs), which inhibit all
links in the chain of the inflammatory process. However,
to date GCSs are hardly used in CPR due to a large number of side effects.
It is advisable to use intranasal GCSs with a pronounced anti-inflammatory effect, which is achieved either by transrepression of anti-inflammatory genes, or
through transactivation of glucocorticoid-dependent anti-inflammatory genes (Fedoseeva and Shilenkova 2019).
An anti- inflammatory effect is caused by inhibition of
IL-1, IL-3, IL-4, IL-5 (Heffler et al. 2019; Baroody 2020).
The therapy by intranasal GCSs reduces eosinophilic infiltration and secretory activity of the glands, which leads
to a slowdown in the synthesis of pro-allergic mediators.
As a result, the concentration of eosinophils in the focus
of inflammation decreases, thus reducing the swelling of
the nasal mucosa and the volume of polyps (Poblete et al.
2018). However, this method of treatment has a disadvantage: its effect extends only in the nasal cavity, without
reaching beyond it, and, thus, does not enter the paranasal sinuses. This problem can be solved by the inhalation
method of intranasal GCSs, the main purpose of which is
to act directly at the site of the pathological process with
a larger contact area (Hong and Kim 2019). According
to (Ito et al. 2019), up to 8% of the drug penetrates into
the paranasal cavity and remains there for a long time.
Now there are nebulizers available for delivery of medicines, including GCSs, which are actively used in medical
practice (Wang et al. 2019). Currently, the development
of nebulizers for drug delivery, including GCSs, is very
promising and requires additional research. And in the
future, nebulizers can replace the antibiotic therapy, the
main disadvantage of which is known to be antibiotic resistance, and will improve the treatment of CPR.
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Table 2. The Mechanism of Action of the Main Medicines Used
in CPR (Stevens et al. 2016; Stevens et al. 2016; Van Crombruggen et al. 2016; Alekseenko et al. 2019; Bachert et al. 2020).
Medicine
Amoxicillin
Levofloxacin
Omalizubad
Decongestant

Mechanism of action
Blocking peptidoglycan synthesis and inhibiting
b-lactamase
Inhibition of DNA-gyrase
Monoclonal IgG1 antibodies selectively bind to IgE
Activation of adenylate cyclase on the inner surface
of the cell membrane

Table 3. The Main Components of Essential Oils and Plant
Complex Myrtol and Their Effect on the Human Body (Ferraro
et al. 2019; Jin and Chin 2019).
Some components of the
Action/effect
drug and essential oils
Cineol
Decongestive, anti-inflammatory,
antifungal (effect in case of internal
inhalations)
Levomenthol
Antiseptic, decongestive due to the reflex
action on the ending of the trigeminal
nerve
Racemic camphor
Decongestive, vasoconstricting, antiseptic
Limonene
Anti-inflammatory, antibacterial,
antifungal, antiproliferative
Alpha-pinene
Antibacterial, bronchodilator, antiinflammatory

Features of CPR in childhood
Anatomical features of the structure and development of
the paranasal sinuses in children determine, first of all,
the localization of the inflammatory process, which can
change at different ages (Anamika et al. 2019). In the first
4 years of life, children are most characterized by ethmoiditis, since at this age only the ethmoidal labyrinth is
finally formed (in the future, only an increase in its cells
can occur) (Jiao et al. 2019). With the formation of maxillary sinuses by the age of 4, the frequency of maxillitis
(maxillary sinusitis) increases, which peaks at 5–12 years
(Baqueiro-Achach et al. 2019). Before the age of 12, the
complete formation of the frontal sinuses also occurs, so
the risk of frontal sinusitis increases. After the age of 12,
CPR can occur in any paranasal sinus or even in several
(Gitman and Peña 2020).
In children, the development of CPR is accompanied
by the following features (Pavez et al. 2019; Maurrasse
et al. 2020):
1. High frequency of the process;
2. One-type microflora;
3. Occurrence is usually a complication of an acute respiratory viral infection (ARVI);

4. Rapid onset of the pathological process, with a high
degree of intoxication and rapid formation of purulent exudate;
5. High risk of the process moving to closely located
organs and tissues, in particular, to the meninges,
cellular spaces of the neck, orbit, etc.);
6. Frequent relapse;
7. Latent course of disease in adolescence;
8. Development of rhinopharyngitis with the spread
of the inflammatory process to the larynx and the
underlying respiratory tract, including the development of pneumonia (in young children)
Treatment of children is complex and includes the
elimination of inflammation, restoration of patency of the
natural ostia of the paranasal sinuses, eradication of the
pathogen, prevention of complications, and a local immunomodulatory therapy (by medical prescription) (Maximiliano et al. 2019; Din-Lovinescu et al. 2020). With a
severe course of CPR (a large amount of purulence, pronounced general symptoms and general intoxication), the
treatment begins with antibacterial drugs. They are also
used in young children in cases of a high risk of complications or in the development of rhinogenic complications
(Quintanilla-Dieck and Lam 2018; Alejandro et al. 2020).
With complications developing, the child should be
immediately hospitalized, and a therapy should be selected in accordance with his/her condition (Levy et al.
2020). In other cases, the treatment is usually started with
a symptomatic therapy, since there is no consensus about
an antibiotic therapy in childhood (Klimek et al. 2019).
This is due to the fact that in some patients with CPR, the
pathogen of infection is not detected and that a long-term
use of antibacterial drugs can lead to dysbiosis, allergies
and other side effects (Drago et al. 2019).

Conclusion
Today, the frequency of chronic rhinosinusitis increases
exponentially, which makes the question of the modern
approach to its treatment the most relevant. An antibiotic
therapy, which has long been the main method of treatment, is inferior to the introduction of drugs using nebulizers. It is possible that additional research in this area will
solve the questions of both the optimal path of therapy
and treatment of CPR in children.

Conflict of interest
The authors declare no conflict of interest.

References
 Alejandro A, González CT, Edgar M, Perla V (2020) Factors associated with all-cause mortality in pediatric invasive fungal rhinosi-

nusitis. International Journal of Pediatric Otorhinolaryngology 129:
109734. https://doi.org/10.1016/j.ijporl.2019.109734 [PubMed]

Research Results in Pharmacology 6(2): 77–83

 Alekseenko SI, Skalny AV, Ajsuvakova OP, Skalnaya MG, Notova
SV, Tinkov AA (2019) Mucociliary transport as a link between chronic rhinosinusitis and trace element dysbalance. Medical Hypotheses
127: 5–10. https://doi.org/10.1016/j.mehy.2019.03.007 [PubMed]
 Anamika A, Chakravarti A, Kumar R (2019) Atopy and quality of life in pediatric chronic rhinosinusitis. American Journal of Rhinology and Allergy 33(5): 586–590. https://doi.
org/10.1177/1945892419854266 [PubMed]
 Bachert C, Mannent L, Naclerio RM, Mullol J, Ferguson BJ, Gevaert
P, Hellings P, Jiao L, Wang L, Evans RR, Pirozzi G, Graham NM,
Swanson B, Hamilton JD, Radin A, Gandhi NA, Stahl N, Yancopoulos GD, Sutherland ER (2016) Effect of subcutaneous dupilumab on
nasal polyp burden in patients with chronic sinusitis and nasal polyposis: A randomized clinical trial. JAMA 315(5): 469–479. https://
doi.org/10.1001/jama.2015.19330 [PubMed]
 Bachert C, Zhang N (2019) Medical algorithm: diagnosis and treatment of chronic rhinosinusitis. Allergy 75(1): 240–242. https://doi.
org/10.1111/all.13823 [PubMed]
 Bachert C, Zhang N, Cavaliere C, Weiping W, Gevaert E, Krysko
O (2020) Biologics for chronic rhinosinusitis with nasal polyps.
The Journal of Allergy and Clinical Immunology 145(3): 725–739.
https://doi.org/10.1016/j.jaci.2020.01.020 [PubMed]
 Baqueiro-Achach A, Waizel-Haiat S (2019) Analysis of the anatomical rhinosinusal variants found in patients with chronic rhinosinusitis
undergoing functional surgery of nose and paranasal sinuses. Anales
Médicos de la Asociación Médica del Centro Médico ABC 64(4):
241–247. https://doi.org/10.35366/BC194B [in Spanish]
 Baroody FM (2020) Medical Treatment of pediatric rhinosinusitis:
focus on intranasal and systemic corticosteroids. In: Ramadan H,
Baroody F (Eds) Pediatric Rhinosinusitis. Springer, Cham, 189–199.
https://doi.org/10.1007/978-3-030-22891-0_15
 Bulfamante AM, Saibene AM, Felisati G, Rosso C, Pipolo C (2019)
Adenoidal disease and chronic rhinosinusitis in children – is there
a link?. Journal of Clinical Medicine 8(10): 1528. https://doi.
org/10.3390/jcm8101528 [PubMed] [PMC]
 Carretero-Vicario O, Fradejas I, Meana I, Perez-Ayala A (2020) First
case of non-invasive fungal rhinosinusitis by aspergillus melleus.
Enfermedades Infecciosas y Microbiología Clínica 38(2): 92–93.
https://doi.org/10.1016/j.eimce.2019.03.012 [PubMed]
 Chong LY, Piromchai P, Sharp S, Kornkiat Snidvongs, Philpott C,
Hopkins C, Burton MJ (2020) Biologics for chronic rhinosinusitis.
The Cochrane Database of Systematic Reviews 2(2): CD013513.
https://doi.org/10.1002/14651858.CD013513.pub2 [PubMed] [PMC]
 Cope EK, Goldberg AN, Pletcher SD, Lynch SV (2017) Compositionally and functionally distinct sinus microbiota in chronic
rhinosinusitis patients have immunological and clinically divergent consequences. Microbiome 5(1): 53. https://doi.org/10.1186/
s40168-017-0266-6 [PubMed] [PMC]
 DeConde AS, Mace JC, Levy JM, Rudmik L, Alt JA, Smith TL (2017)
Prevalence of polyp recurrence after endoscopic sinus surgery for
chronic rhinosinusitis with nasal polyposis. The Laryngoscope 127(3):
550–555. https://doi.org/10.1002/lary.26391 [PubMed] [PMC]
 Dennis SK, Lam K, Luong AA (2016) Review of classification
schemes for chronic rhinosinusitis with nasal polyposis endotypes.
Laryngoscope Investigative Otolaryngology 1(5): 130–134. https://
doi.org/10.1002/lio2.32 [PubMed] [PMC]
 Din-Lovinescu C, Mir G, Blanco C, Zhao K, Mazzoni T, Fried
A, Khashab ME, Lin G (2020) Intracranial complications of pe-

81





















diatric rhinosinusitis: Identifying risk factors and interventions
affecting length of hospitalization. International Journal of Pediatric Otorhinolaryngology 131: 109841. https://doi.org/10.1016/j.
ijporl.2019.109841 [PubMed]
Drago L, Pignataro L, Torretta S (2019) Microbiological aspects of
acute and chronic pediatric rhinosinusitis. Journal of Clinical Medicine 8(2): 149. https://doi.org/10.3390/jcm8020149 [PubMed] [PMC]
Eremenko YE (2017) Algorithm of diagnostic service of patients with
chronic polypose rhinosinusitis. Otorhinolaryngology. Eastern Europe
[Otolaringologiya. Vostochnaya Evropa] 7(2): 185–193. [in Russian]
Fedoseeva OV, Shilenkova VV (2019) Nasal cycle and rhinosinusitis: a new look at the problem. Otorhinolaryngology [Otolaringologiya] 18(2): 70–76. https://doi.org/10.18692/1810-4800-20192-70-76 [in Russian]
Ferraro VA, Zanconato S, Baraldi E, Carraro S (2019) Nitric oxide and biological mediators in pediatric chronic rhinosinusitis
and asthma. Journal of Clinical Medicine 8(11): 1783. https://doi.
org/10.3390/jcm8111783 [PubMed] [PMC]
Feshchenko Y, Dzyublik A, Pertseva T, Bratus E, Dzyublik Y, Gladka G, Morrissey I, Torumkuney D (2016) Results from the Survey of
Antibiotic Resistance (SOAR) 2011–2013 in Ukraine. The Journal of
Antimicrobial Chemotherapy 71(l): i63–69. https://doi.org/10.1093/
jac/dkw068 [PubMed] [PMC]
Gitman L, Peña M (2020) Pathogenesis of pediatric rhinosinusitis.
In: Ramadan H, Baroody F (Eds) Pediatric Rhinosinusitis. Springer,
Cham: 17–40. https://doi.org/10.1007/978-3-030-22891-0_3
Grayson JW, Cavada M, Harvey RJ (2019) Clinically relevant phenotypes in chronic rhinosinusitis. Journal of Otolaryngology – Head
and Neck Surgery 48(1): 2–10. https://doi.org/10.1186/s40463-0190355-6 [PubMed] [PMC]
Heffler E, Malvezzi L, Pirola F, Zięba N, Paoletti G, Mercante G, Spriano G, Canonica GW (2019) Treatable traits in chronic
rhinosinusitis with nasal polyps. Current Opinion in Allergy and
Clinical Immunology 19(4): 373–378. https://doi.org/10.1097/
ACI.0000000000000544 [PubMed]
Ho J, Hamizan AW, Alvarado R, Rimmer J, Sewell WA, Harvey RJ
(2018) Systemic predictors of eosinophilic chronic rhinosinusitis.
American Journal of Rhinology and Allergy 32(4): 252–257. https://
doi.org/10.1177/1945892418779451 [PubMed]
Hong SN, Kim DY (2019) What is the optimal method for steroid
delivery in the treatment of chronic rhinosinusitis with nasal polyps?
Allergy, Asthma & Immunology Research 11(4): 443–445. https://
doi.org/10.4168/aair.2019.11.4.443 [PubMed] [PMC]

 Iqbal IZ, Kao SS, Ooi EH (2020) The role of biologics in chronic rhinosinusitis: a systematic review. International Forum of Allergy and
Rhinology 10(2): 165–174. https://doi.org/10.1002/alr.22473 [PubMed]
 Ito T, Ikeda S, Asamori T, Honda K, Kawashima Y, Kitamura K,
Suzuki K, Tsutsumi T (2019) Increased expression of pendrin in eosinophilic chronic rhinosinusitis with nasal polyps. Brazilian Journal
of Otorhinolaryngology 85(6): 760–765. https://doi.org/10.1016/j.
bjorl.2018.07.005 [PubMed]
 Jankowski R, Gallet P, Nguyen DT, Rumeau C (2019) Rhinosinusites chroniques de l’adulte: nouvelle définition, nouveau diagnostic [Chronic rhinosinusitis of adults: new definition, new diagnosis].
La Revue du Praticien 69(3): 274–278. [PubMed] [in French]
 Jiao J, Wang C, Zhang L (2019) Epithelial physical barrier defects in
chronic rhinosinusitis. Expert Review of Clinical Immunology 15(6):
679–688. https://doi.org/10.1080/1744666X.2019.1601556 [PubMed]

82

Bairashevskaia AV et al.: Modern approaches to the treatment of chronic polypous rhinosinusitis

 Jin AJ, Chin CJ (2019) Is acupuncture effective in reducing overall
symptomatology in chronic rhinosinusitis? Laryngoscope 129(8):
1727–1728. https://doi.org/10.1002/lary.27708 [PubMed]
 Jossé S (2019) Polyposis nasi: chronische Rhinosinusitis mit Nasenpolypen. Allergo Journal 28(4): 48. https://doi.org/10.1007/s15007019-1863-4
 Kartush AG, Schumacher JK, Shah R, Patadia MO (2018) Biologic
agents for the treatment of chronic rhinosinusitis with nasal polyps.
American Journal of Rhinology and Allergy 33(2): 203–211. https://
doi.org/10.1177/1945892418814768 [PubMed]
 Kartush AG, Schumacher JK, Shah R, Patadia MO (2019) Biologic
agents for the treatment of chronic rhinosinusitis with nasal polyps.
American Journal of Rhinology and Allergy 33(2): 203–211. https://
doi.org/10.1177/1945892418814768 [PubMed]
 Kennedy AA, Gerber ME (2020) Burden and health impact of pediatric rhinosinusitis. In: Ramadan HH, Baroody FM (Eds) Pediatric
Rhinosinusitis. Springer, Cham, 9–15. https://doi.org/10.1007/9783-030-22891-0_2
 Kirdeeva AI, Kosjakov SJ (2017) The peculiarities of endotyping and phenotyping of chronic rhinosinusitis. Russian Rhinology
[Rossijskaya Rinologiya] 25(2): 58–63. https://doi.org/10.17116/
rosrino201725258-63 [in Russian]
 Klimek L, Chaker A, Matthias C, Sperl A, Gevaert P, Hellings P,
Wollenberg B, Koennecke M, Hagemann J, Eckrich J, Becker S
(2019) Immunodeficiency in chronic rhinosinusitis: an important
and often underestimated cause. HNO 67(9): 715–730. https://doi.
org/10.1007/s00106-019-0719-2 [PubMed] [in German]
 Laidlaw TM, Prussin C, Panettieri RA, Lee S, Ferguson BJ, Adappa
ND, Lane AP, Palumbo ML, Sullivan M, Archibald D, Dworetzky
SI, Hebrank GT, Bozik ME (2019) Dexpramipexole depletes blood
and tissue eosinophils in nasal polyps with no change in polyp size.
Laryngoscope 129(2): E61–E66. https://doi.org/10.1002/lary.27564
[PubMed]
 Levy DA, Pecha PP, Nguyen SA, Schlosser RJ (2020) Trends in complications of pediatric rhinosinusitis in the United States from 2006
to 2016. International Journal of Pediatric Otorhinolaryngology 128:
109695. https://doi.org/10.1016/j.ijporl.2019.109695 [PubMed]
 Lin J, Kacker A (2019) Management strategies for recurrent acute
rhinosinusitis. Laryngoscope Investigative Otolaryngology 4(4):
379–382. https://doi.org/10.1002/lio2.294 [PubMed] [PMC]
 Maurrasse SK, Hwa TP, Waldman E, Kacker A, Pearlman AN (2020)
Early experience with feasibility of balloon sinus dilation in complicated pediatric acute frontal rhinosinusitis. Laryngoscope Investigative Otolaryngology 5(2): 194–199. https://doi.org/10.1002/lio2.359
[PubMed] [PMC]
 Maximiliano Penna R, Luis Barahona A, Paula Ruz M, Constanza Valdés P (2019) Acute invasive fungal rhinosinusitis: update
in adults and pediatric patients. Revista de Otorrinolaringología y
Cirugía de Cabeza y Cuello 79(3): 366–373. https://doi.org/10.4067/
S0718-48162019000300366 [in Spanish]
 McCann JR, Mason SN, St Auten RL, GemeJW, SeedPC (2016)
Early-life intranasal colonization with nontypeable haemophilus influenzae exacerbates juvenile airway disease in mice. Infection and
Immunity 84(7): 2022–2030. https://doi.org/10.1128/IAI.01539-15
[PubMed] [PMC]
 McHugh T, Snidvongs K, Xie M, Banglawala S, Sommer D (2018)
High tissue eosinophilia as a marker to predict recurrence for eosinophilic chronic rhinosinusitis: a systematic review and meta-analysis.





















International Forum of Allergy and Rhinology 8(12): 1421–1429.
https://doi.org/10.1002/alr.22194 [PubMed]
Morozova SV, Svistushkin VM, Karapetyan LS (2019) Multidirectional inhalation therapy of acute rhinosinusitis. Medical Council [Medicinskij sovet] 8: 28–32. https://doi.org/10.21518/2079701X-2019-8-28-32 [in Russian]
Nakatsuji T, Chen TH, Narala S, Chun KA, Two AM, Yun T, Shafiq
F, Kotol PF, Bouslimani A, Melnik AV, Latif H, Kim JN, Lockhart
A, Artis K, David G, Taylor P, Streib J, Dorrestein PC, Grier A, Gill
SR, Zengler K, Hata TR, Leung DYM, Gallo RL (2017) Antimicrobials from human skin commensal bacteria protect against Staphylococcus aureus and are deficient in atopic dermatitis. Science
Translational Medicine 9(378): eaah4680. https://doi.org/10.1126/
scitranslmed.aah4680 [PubMed] [PMC]
Oakley GM, Christensen JM, Sacks R, Earls P, Harvey RJ (2018)
Characteristics of macrolide responders in persistent post-surgical
rhinosinusitis. Rhinology 56(2): 111–117. https://doi.org/10.4193/
Rhin17.049 [PubMed]
Opoku-Buabeng J, Lartey SY (2017) Orbital complications of sinusitis in children in Komfo Anokye Teaching Hospital. ENT Updates
7(1): 38–41. https://doi.org/10.2399/jmu.2017001008
Orgain CA, Harvey RJ (2018) The role of frontal sinus drillouts in nasal polyposis. Current Opinion in Otolaryngology and
Head and Neck Surgery 26(1): 34–40. https://doi.org/10.1097/
MOO.0000000000000425 [PubMed]
Pavez D, Pérez R, Cofré J, Rodríguez J (2019) Recomendaciones
para el diagnóstico y tratamiento antimicrobiano de la rinosinusitis aguda bacteriana en pediatría. Revista Chilena de Infectología
36(1): 78–82. https://doi.org/10.4067/S0716-10182019000100078
[in Spanish]
Pavlush DG, Pavlush EN, Matveeva NU, Kalinichenko SG, Dyuizen
IV (2018) Chronic polyposis rhinosinusitis: etiopathogenetic mechanisms of its occurrence. Medicina [Medicina] 6(2): 69–78. https://
doi.org/10.29234/2308-9113-2018-6-2-69-78 [in Russian]
Pestova RM, Saveleva EE, Aznabaeva LF, Dashkin RR (2019) Complicated polypous rhinosinusitis. Eruditio Juvenium [Nauka Molodykh] 7(3): 415–422. https://doi.org/10.23888/HMJ201973415-422
[in Russian]
Pestova RM, Savelyeva EE, Sharipov RA (2018) Masks of polyposis
rhinosinusitis. Science and Innovation in Medicine [Nauka i Innovatsii v Meditsine] 1: 41–43. [in Russian]
Poblete MJ, Rosenbaum A, Winter M (2018) Anti-interleukin 5 therapy for chronic rhinosinusitis with polyps. Medwave 18(6): e7300–

e7300. https://doi.org/10.5867/medwave.2018.06.7300 [PubMed]
 Quintanilla-Dieck L, Lam DJ (2018) Chronic rhinosinusitis in children. Current Treatment Options in Pediatrics 4(4): 413–424. https://
doi.org/10.1007/s40746-018-0142-z
 Ramakrishnan VR, Hauser LJ, Feazel LM, Ir D, Robertson C, Frank
DN (2015) Sinus microbiota varies among chronic rhinosinusitis
phenotypes and predicts surgical outcome. The Journal of Allergy
and Clinical Immunology 136: 334–342. https://doi.org/10.1016/j.
jaci.2015.02.008 [PubMed]
 Ramakrishnan VR, Hauser LJ, Frank DN (2016) The sinonasal bacterial microbiome in health and disease. Current Opinion in Otolaryngology and Head and Neck Surgery 24(1): 20–25. https://doi.
org/10.1097/MOO.0000000000000221 [PubMed] [PMC]
 Shamkina PA, Krivopalov AA, Ryazantsev SV, Shnayder NA,
Gaidukov SS, Shardanov ZN (2019) Epidemiology of chronic rhi-

Research Results in Pharmacology 6(2): 77–83















nosinusitis. Modern problems of science and education [Sovremennye problemy nauki i obrazovaniya] 3. [in Russian]
Sharma V (2019) India rare case report of Rhinosinusitis by Aspergillus flavus and Rhizopus in a diabetic patient. Journal of
Medical Science and Clinical Research 7(8): 280–284. https://doi.
org/10.18535/jmscr/v7i8.48
Smith KA, Alt JA (2020) The relationship of chronic rhinosinusitis and depression. Current Opinion in Otolaryngology and
Head and Neck Surgery 28(1): 1–5. https://doi.org/10.1097/
MOO.0000000000000595 [PubMed]
Song WJ, Lee JH, Won HK, Bachert C (2019) Chronic rhinosinusitis
with nasal polyps in older adults: Clinical presentation, pathophysiology, and comorbidity. Current Allergy and Asthma Reports 19(10):
46. https://doi.org/10.1007/s11882-019-0880-4 [PubMed]
Stevens WW, Peters AT, Grammer LC, Hulse KE, Kato A, Tan BK,
Smith SS, Conley DB, Kern RC, Avila PC, Schleimer RP (2016)
Clinical characteristics of aspirin exacerbated respiratory disease in
a tertiary care patient cohort. Journal of Allergy and Clinical Immunology 137(2): AB65. https://doi.org/10.1016/j.jaci.2015.12.218
Stevens WW, Schleimer RP, Kern RC (2016) Chronic rhinosinusitis
with nasal polyps. The Journal of Allergy and Clinical Immunology:
In practice 4(4): 565–572. https://doi.org/10.1016/j.jaip.2016.04.012
[PubMed] [PMC]
Szaleniec J, Gibała A, Pobiega M, Parasion, Składzień, Stręk, Gosiewski, Szaleniec (2019) Exacerbations of chronic rhinosinusitis-microbiology and perspectives of phage therapy. Antibiotics 8(4): 175.
https://doi.org/10.3390/antibiotics8040175 [PubMed] [PMC]
Tharakan A, Dobzanski A, London NR, Khalil SM, Surya N, Lane
AP, Ramanathan M (2018) Characterization of a novel, papain-in-

83













ducible murine model of eosinophilic rhinosinusitis. International Forum of Allergy and Rhinology 8(4): 513–521. https://doi.
org/10.1002/alr.22072 [PubMed] [PMC]
Ting F, Hopkins C (2018) Outcome measures in chronic rhinosinusitis. Current Otorhinolaryngology Reports 6(3): 271–275. https://
doi.org/10.1007/s40136-018-0215-3 [PubMed] [PMC]
Tomassen P, Vandeplas G, Zele TV, Cardell LO, Arebro J, Olze H,
Förster-Ruhrmann U, Kowalski ML, Olszewska-Ziąber A, Holtappels G, Ruyck ND, Wang X, Drunen CV, Mullol J, Hellings P, Hox
V, Toskala E, Scadding G, Lund V, Zhang L, Fokkens W, Bachert
C (2016) Inflammatory endotypes of chronic rhinosinusitis based
on cluster analysis of biomarkers. The Journal of Allergy and Clinical Immunology 137(5): 1449–1456. https://doi.org/10.1016/j.
jaci.2015.12.1324 [PubMed]
Tsetsos N, Goudakos JK, Daskalakis D, Konstantinidis I, Markou K
(2018) Monoclonal antibodies for the treatment of chronic rhinosinusitis with nasal polyposis: a systematic review. Rhinology 56(1):
11–21. https://doi.org/10.4193/Rhin17.156 [PubMed]
Van Crombruggen K, Vogl T, Perez-Novo C, Holtappels G, Bachert C
(2016) Differential release and deposition of S100A8/A9 proteins in
inflamed upper airway tissue. The European Respiratory Journal 47(1):
264–274. https://doi.org/10.1183/13993003.00159-2015 [PubMed]
Viswanatha B (2019) A clinicopathological and microbiological
study of fungal rhinosinusitis. Journal of Otolaryngology-ENT Research 11(1): 49–52. https://doi.org/10.15406/joentr.2019.11.00408
Wang H, Pan L, Liu Z (2019) Neutrophils as a protagonist and target
in chronic rhinosinusitis. Clinical and Experimental Otorhinolaryngology 12(4): 337–347. https://doi.org/10.21053/ceo.2019.00654
[PubMed] [PMC]

Author contributions
 Anastasiia V. Bairashevskaia, second-year student, I.M. Sechenov First Moscow State Medical University (Sechenov University), email: starnastya21@gmail.com, ORCID ID https://orcid.org/0000-0003-3815-1325. The author generated the idea of the article and was engaged in literature analysis and paper writing.
 Olesya V. Kytko, PhD, Associate Professor at the Department of Topographic Anatomy and Operative Surgery,
N.V. Sklifosovsky Institute of Clinical Medicine, I.M. Sechenov First Moscow State Medical University (Sechenov
University), email: kytkodoc@yandex.ru, ORCID ID https://orcid.org/0000-0001-5472-415X. The author was engaged in developing the concept, literature analysis and paper writing.
 Yuriy L. Vasil`ev, PhD, Associate Professor at the Department of Topographic Anatomy and Operative Surgery,
N.V. Sklifosovsky Institute of Clinical Medicine, I.M. Sechenov First Moscow State Medical University (Sechenov University), email: y_vasiliev@list.ru, ORCID ID https://orcid.org/0000-0003-3541-6068. The author was
engaged in structuring the article, literature analysis and translation into English
 Artem D. Kashtanov, second-year student, I.M. Sechenov First Moscow State Medical University (Sechenov University), email: kashtanovartem001@gmail.com, ORCID ID https://orcid.org/0000-0002-9648-1720. The author
was engaged in literature analysis, compiling tables and translation into English.

