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Abstract: Introduction: Chronic otitis media (COM) and chronic rhinosinusitis (CRS) are two of the
most common otolaryngological disorders. CRS and COM share pathophysiological mechanisms
such as bacterial infection, biofilm, and the persistence of the obstruction state of ventilation routes.
The purpose of this systematic review was to evaluate all available information on the association
between COM and CRS. Methods: The protocol of this investigation was registered on PROSPERO
in November 2022. Pubmed, Scopus, Web of Science, and Cochrane databases were systematically
searched according to the PRISMA statement. Results: After the application of inclusion-exclusion
criteria, four manuscripts with adequate relevance to this topic were included in the review. The
study population consisted of 20,867 patients with a diagnosis of CRS, of whom 991 were also
diagnosed with COM (4.75%). Conclusions: The included studies have shown that CRS has become
significantly associated with COMas: a global inflammatory process that involves the epithelium in
both the middle ear and upper airway. The identification of a relationship between CRS and COM
may contribute to preventing chronic inflammatory conditions through the early management of the
associated disease. Further, carefully designed studies are necessary to demonstrate the relationship
between COM and CRS.
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1. Introduction

Chronic otitis media (COM) and chronic rhinosinusitis (CRS) are two of the most
common otolaryngological disorders. However, few clinical investigations have studied
the association between these two chronic inflammations.

CRS is commonly divided into two phenotype-based groups according to the presence
or absence of nasal polyps; however, this classification is clearly overly simple. On the other
hand, endotyping, which is based on the pathogenic mechanism, provides a precise picture
that is more appropriate for use in CRS clinical practice [1]. As pathophysiological knowl-
edge evolves, treatment protocols can be adjusted to address specific underlying disease
processes [2]. COM is a heterogeneous condition defined by the persistent inflammation
of the middle ear and/or mastoid cavity that can lead, in a significant number of patients,
to progressive hearing loss with consequent disability and a lower quality of life [3–5].
COM usually develops from recurrent acute otitis media and can develop with or without
cholesteatoma [6,7]. Frequent symptoms associated with the disease include otorrhea,
hearing loss, and vertigo. The global prevalence of COM is estimated to be between 65 and
330 million people, and half of these individuals are projected to suffer from disabling
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hearing loss [8]. CRS and COM share pathophysiological mechanisms, such as bacterial
infection, biofilm, and the persistence of the obstruction state of ventilation routes [9].
Otitis media occurs frequently during the evolution of CRS, even when the nasal disease
is well controlled. Otolaryngologists often encounter these two diseases concurrently or
note that antibiotic treatment and surgery affect one or the other’s clinical progress [10].
This finding suggests the presence, in otitis media and/or CRS, of a global inflammatory
process that involves the epithelium in both the middle ear and upper airway. However,
several anomalies of the nasal structures, for example, septal deviation, concha bullosa,
or, generally speaking, all hypertrophic nasal pathologies, can lead to a dysfunction of
the middle ear/mastoid and paranasal sinus ventilation [11] with consequent COM and
CRS. Finally, it should be considered that the middle ear and paranasal sinuses have some
common characteristics. First, the middle ear, paranasal sinuses, and Eustachian tubes are
lined by the same pseudo-stratified columnar epithelium. Secondly, the paranasal sinuses
and the middle are close and contiguous anatomic structures. Therefore, some conditions,
such as gastropharyngeal reflux, viral infections, and immunologic disorders, can have
inflammatory actions on both ears and paranasal sinuses [7,12–18].

The aim of this systematic review was to evaluate all available information on the
association between COM and CRS in terms of both epidemiological and pathophysiologi-
cal relationships.

2. Materials and Methods
2.1. Protocol Registration

The systematic review and meta-analysis protocol of this study was registered on
PROSPERO, International prospective register of systematic reviews (Center for Reviews
and Dissemination, University of York, York, UK), in November 2022 (registry num-
ber CRD42022366147).

2.2. Electronic Database Search

A search of the English literature published on the databases Pubmed, Scopus, Web
of Science, and Cochrane was conducted according to the preferred reporting items for
systematic reviews and meta-analyses (PRISMA) recommendations [19]. The search was
performed from 1st January 2012 to 5th October 2022. We used the following keywords:
“otitis media”; “sinusitis”. The keywords were combined accordingly on the aforemen-
tioned databases. The reference lists of all the included articles were accurately screened
in order to identify other pertinent studies. The “Related articles” option present on the
PubMed and Scopus homepages was also considered. The references were exported to a
Zotero bibliography manager (v6.0.10, Center for History and New Media, George Mason
University, Fairfax, Virginia) to remove duplicates, and then they were transposed to an
Excel (Microsoft Excel 2019 for Windows 10) spreadsheet for eligibility screening.

2.3. Inclusion and Exclusion Criteria

An investigation was included only if the following criteria were met: (i) the inclusion
of patients diagnosed with CRS who also developed COM; (ii) well-described patient
evaluations (e.g., ENT diagnostic workup, radiological study, microbiological evaluation)
and/or targeted treatment (e.g., medical, surgical). Exclusion criteria were: (i) articles in
the form of a case report, editorial, survey, letter to the editor, or review; (ii) case series with
less than 10 cases, (iii) papers with lack of adequate clinical data, (iv) animal model study
and (v) non-English language (see also Figure 1).
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Figure 1. PRISMA [19] diagram resembling electronic database search and inclusion/exclusion
process of the review. Legend * date of last search 5 October 2022.

2.4. Data Extraction and Quality Assessment

The authors analyzed the data from the available literature. Included studies were
analyzed to extract available data and ensure the eligibility of all patients. The risk of bias
was considered for all studies. Any disagreements about the inclusion/exclusion of investi-
gations were solved by a discussion among the study team members. The quality rating of
each study was categorized as poor, fair, or good, according to the National Institutes of
Health quality assessment tool for Observational Cohorts and Cross-Sectional Studies [20].

3. Results
3.1. Retrieving Investigations

A total of 2503 titles were retrieved from the database search and from cross-reference
checking (559 from Pubmed; 1450 from Scopus; 488 from Web of Science, and 6 from
Cochrane). After the removal of duplicates, non-English language, and animal model
studies, 1506 manuscripts were identified.

A selection based on title and abstract screening led to the exclusion of 1475 studies.
The 31 remaining studies potentially relevant to the topic were accurately examined, and
after full-text screening and the application of inclusion/exclusion criteria, four articles were
included in the qualitative synthesis [10,21–23]. The PRISMA chart (Figure 1) summarizes
the article inclusion process in this systematic review. The manuscripts retrieved and
available data were insufficient to perform a quantitative synthesis of the results.

3.2. Quality Assessment

All the included studies had adequate relevance to the subject of this systematic
review. None were randomized controlled trials; three studies were retrospective [10,21,23],
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whereas only one was prospective [22]. All studies were published between 2016 and 2021,
and none were published in 2022.

According to the National Institutes of Health quality assessment tool for Observa-
tional Cohorts and Cross-Sectional Studies [20], only one study was rated as Good [22], one
study as Fair [21], and two as Poor [10,23] because the population study consisted of hetero-
geneous patients who underwent medical treatment, with intranasal or oral steroids [23],
or patients who had already undergone surgery (e.g., endoscopic ethmoidectomy, polypec-
tomy, and turbinoplasty) before the study assessment [10,23]. The characteristics of the
included studies are summarized in Table 1.

Table 1. Summary of studies included in the review and their quality according to the National
Institutes of Health quality assessment tool for Observational Cohorts and Cross-Sectional Studies
[20].

Author Year Country Study Type

Number of
Total

Patients
Analyzed

Gender
(M/F)

No. Cases
Age

Healthy
Control
Group

CRS
Case

Group

CRS
Patients Who

Develop
COM

Quality
[14]

Maradesha
et al. [21] 2016 India

Retrospective
observational

study
60 41/19

Mean 33 ±
11 yrs
(range

18–60 yrs)

NR 60 60 Fair

Kuo et al.
[22] 2017 Taiwan

Longitudinal
prospective

cohorts’
study

76,020 6800/5870 Mean 27.57
± 22.03 yrs 63,350 12,670 66 Good

Daval
et al. [23] 2018 France

Cross-
sectional

study
80 42/38

Mean 48 yrs
(range

15–76 yrs)
NR 80 20 Poor

Kim et al.
[10] 2021 Korea

Retrospective
Cohort
Study

40,285 4908/3149

40–44 yrs
(747 cases)
45–49 yrs

(1498 cases)
50–54 yrs

(1653 cases)
55–59 yrs

(1557 cases)
60–64 yrs

(1180 cases)
65–69 yrs
(783 cases)
70–74 yrs
(425 cases)
75–79 yrs
(164 cases)
80–84 yrs
(43 cases)
85 + yrs
(7 cases)

32,228 8057 845 Poor

Abbreviations: NR—not reported; yrs—years.

3.3. Qualitative Synthesis
3.3.1. Epidemiological Characteristics

The study population consisted of 20,867 patients with a diagnosis of CRS, of which
991 were also diagnosed with COM (4.75%).

The cases analyzed by the retrieved series had an age range from 15 [23] to 85 years [10],
with an overall male prevalence (of 11,791 males vs. 9076 females). A non-CRS age- and
sex-matched control group was considered by only two studies [10,22], but their authors
did not report clinical information about the patients. The economic conditions of the
patients considered were analyzed in two studies [21,22]: Maradesha et al. [21] found an
overall prevalence in low-economic-class patients, while Kuo et al. [22] described an overall
prevalence in middle-class patients.
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3.3.2. Clinical Features

The clinical presentation consisted of CRS with or without nasal polyps (CRSsNP
and CRSwNP, respectively), which was considered in all studies as inclusion criteria. Kim
et al. selected the appropriate patients from the Korean Health Insurance Review and As-
sessment Service-National Patient Samples [10]. CRS was defined using the International
Classification of Diseases (ICD-10) codes [10]. Kuo et al. [22] used the ICD-9 definitions for
the diagnosis of CRS, while CRS in the Daval et al. study [23] was diagnosed according to
the EPOS 2012. CRS diagnosis was confirmed by rigid nasal endoscopy in all patients in
the retrieved study series. Nasal polyposis was investigated in two studies [10,23]. Kim
et al. [10] found a total of 4217 CRSwNP patients and 3840 CRSsNP ones, while in the
CRS population of Daval et al. [23], CRSwNP was diagnosed in 19 patients with COM
and in 45 without COM. A facial CT scan was performed on the 16 patients with COM
of the Daval et al. series [23]. Using the Lund-Mackay score [24], Daval et al. [23] did not
find significant differences between their sub-cohorts of patients with or without COM.
Maradesha et al. [21] performed temporal bone CT in 60 patients with COM without report-
ing significant findings. The diagnosis of COM was made after an otoscopic examination
and pure-tone audiometry with tympanometry in two studies [15,17], while the other two
manuscripts [10,22] did not report hearing characteristics. Daval et al. [23] reported that in
their sub-cohort with COM, 16 patients had conductive hearing loss (85.0%) with a mean
air-bone gap of 21.5 dB. On the other hand, Maradesha et al. [21] reported hearing loss in
93.8% of patients (76 ears out of a total of 81 ears) without specifying its degree.

The microbiological assessment was performed in only one study [21]; they collected
ear discharge and the supratubal and infratubal mucopurulent or mucous discharge. Bacte-
rial isolates from most of the patients revealed Staphylococcus aureus, Pseudomonas aeruginosa,
and Streptococcus species from aural swabs (58.02%) and nasal swabs (60%), indicating a
relevant bacteriological concordance between the ear and sinus.

4. Discussion

Several hypotheses have been proposed to explain the association between CRS and
COM. Some research groups assumed that COM is a direct consequence of the CRS. The
inflammation of the sinonasal tissue may involve the Eustachian tube determining its
dysfunction, followed by the inflammation of the middle ear and mastoid [25]. On the
other hand, the deviation of the nasal septum, concha bullosa, and obstructive nasal
disorder pathologies can also cause a chronic ventilation alteration in the paranasal sinuses
and middle ear [11].

Many previous studies have examined intimate relationships between inflammatory
diseases of the ear and nose. In 1989, Finkelstein et al. [26] suggested that middle ear fluid
accumulation was a relevant sign in 23% of patients with chronic sinusitis. On the other
hand, abnormal radiological findings in the sinonasal district were observed in 28% of
patients with otitis media, while, in the case of refractory otitis media with effusion, a frank
sinusitis condition was noted in up to 78% of patients [27,28]. However, other studies were
unable to show a significant linkage between COM and CRS. No correlation was found
between COM and rhinosinusitis in a nationwide survey made in Korea [29].

Quite recently, the pathophysiological interpretation of CRS passed from an infectious
fact to a chronic inflammatory one. CRS is thought to result from a dysfunctional immune
interaction on the surface of the sinus-nasal mucosa [25]. Studies analyzing the middle
ear of allergic rhinitis and asthma patients concluded that both the middle ear and nose
mucosa share the same immunological features, supporting the unified airway concept [25].
Limited information is available regarding the role of other less common immunological
disorders, but some findings regarding middle ear and nasal infections in primary and
acquired immuno-deficiencies suggest that increased attention should be paid by the
scientific community in future studies [30,31]. It was already demonstrated that COM and
CRS shared the same pathogens from cultures of the middle ear and sinuses [32] and that
biofilm, a cause of chronic mucosal infection, can involve both the middle ear and paranasal
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mucosa [33]. Regarding the possible role of recurrent and persistent viral infection in the
upper airway, no results have been found in the present review. Nonetheless, it is proper
to mention the recent finding of a higher HPV DNA load in COM middle ear mucosa
specimens compared to normal middle ear mucosa [17] and the high prevalence of HPV
infection in an analyzed group of 60 CRS patients [34].

In their 8-year observational study, Kuo et al. [22] set out to evaluate the risk of occur-
rence in the middle ear cholesteatoma of patients with CRS. After adjusting for potential
confounders, this research group found that patients with CRS had a 69% increased risk of
cholesteatoma occurrence compared with those without CRS (HR, 1.69; 95% CI, 1.23–2.32).
The authors hypothesized a potential link between CRS and middle ear cholesteatoma.
This research group proposed that the close monitoring of middle ear status among CRS pa-
tients might facilitate early diagnosis and prompt the treatment of comorbid cholesteatoma.
Similarly, patients with cholesteatoma should be considered for CRS evaluation.

Daval et al. [23] investigated the prevalence of COM with effusion in patients with
CRSwNP. This research group reported that effusive otitis media frequently occurred
during the evolution of CRSwNP, even when nasal inflammation was well controlled, and
they hypothesized a global inflammatory process involving the epithelium of both the
middle ear and upper airways [23].

In their retrospective study, Maradesha et al. [21] investigated the role of CRS as
an important COM causal factor. They emphasized the importance of etiopathology,
bacteriology, and radiology for a correct diagnostic evaluation of the nose and paranasal
sinuses before considering ear surgery in adults. These authors stated that bacterial CRS
was the most important causative factor in the persistence of suppurative COM.

In a retrospective cohort study, Kim et al. [10] analyzed 8057 CRS and 845 COM
patients to determine whether the incidence of COM in CRS patients differed from that
of the control group. This research showed that CRS was significantly associated with an
increased incidence of COM during a 14-year follow-up period. The incidence of COM
was higher in CRS patients of all ages and genders. The authors hypothesized various
mechanisms underlying this evidence. A possible cause supporting the association of these
two diseases is the mechanical obstruction of the Eustachian tube. The persistent inflam-
matory condition caused by CRS not only thickens the mucosa of the air cells constituting
the maxillary, ethmoid, and frontal sinus but also affects the mucosa of the anatomically
adjacent orifice of the Eustachian tube, causing functional problems in maintaining tubal
patency. Eustachian tube blockages can be aggravated by mucopurulent discharge, which
may be due to a decreased mucociliary clearance and also of polypoid tissues. According
to the authors, another cause for the evident association of CRS and COM could be sought
in the common biomolecular mechanisms in terms of chronic inflammatory conditions.
As a demonstration, the research group found an increase in cytokines in the ear and
sinus mucosa [10]. Increased concentrations of interleukins (IL) such as IL-1β, IL-6, and
IL-8 in the ear and sinus mucosa lead to the immune system recruitment of cells such as
macrophages, dendritic cells, neutrophils, natural kills cells, and T cells. IL-6 and necrosis
tumor factor-α affect the mucosa with tissue remodeling by increasing the permeability of
vessels, disrupting the tight junctions between cells, and resulting in edema [10].

From a therapeutic point of view, the possible mutual pathophysiological relation-
ship between CRS and COM may be of particular interest, especially in view of the novel
advancements in non-surgical therapy. Eosinophilic CRS and COM might respond si-
multaneously to the biological drugs targeted against IgE and IL-5 [35]. At the same
time, combined physical therapy, with nasal irrigation and Eustachian tube insufflation,
might determine a clinical improvement on both the CRS and COM side [36,37]. However,
further prospective clinical studies should be implemented to define what kind of treat-
ment might provide the best clinical benefit in the subset of patients presenting with both
COM and CRS.

Additionally, from a quality-of-life standpoint, data in the literature about patients
with both CRS and COM are still inconclusive. In this population, the main functional
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concern might be hearing loss. However, the actual incidence and the social and economic
burden of hearing loss in patients with CRS still need to be fully investigated.

Overall, this systematic review has some limitations: first of all, the small overall
amount of studies available on this topic may be regarded as a weakness; however, being
the aim of this study, the description of the specific relationship between CRS and COM,
excluding other inflammatory conditions of the sinonasal district and different kinds of
middle ear involvement, means that only original research papers strictly pertinent to such
a topic were considered. As a result, the four considered studies included all the available
literature pertinent to that topic and complied with the inclusion and exclusion criteria.

Other possible limitations include the lack of control groups in most articles and their
retrospective design. However, this analysis, due to the importance and relevance of the
topics covered, provides useful insights and reasons for further study. A possible study
could consist of the histological analysis, also structured as recently proposed [2,38,39], to
evaluate the hypothesis of the common pathogenetic mechanism of COM and CRS.

5. Conclusions

In conclusion, COM is a relevant condition in CRS patients. ENT specialists should pay
particular attention to middle ear/mastoid examination in patients with CRS. Conversely, in
the cases of COM, a rhinological evaluation is mandatory. For future directions, prospective
and/or randomized studies are necessary to establish a causal relationship between these
two major otolaryngology diseases. Generally speaking, COM seems more likely to be
an expression of an inflammatory disease that extends to the middle ear rather than a
consequence of the nasal disease itself [23]. The disclosure of a relationship between CRS
and COM may contribute to preventing chronic inflammatory conditions through the early
management of the associated diseases.
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