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Management of acute otitis media in children:
an umbrella review of clinical practice guidelines and
systematic reviews

Diana Isabel Espinoza Morales'(", Juan Antonio Lugo Machado'(®, Araceli Zazueta Cardenas’
"University of Sonora, Campus Cajeme, Ciudad Obregon, Sonora, Mexico

ABSTRACT

BACKGROUND. Acute otitis media (AOM) is a frequent cause of paediatric care and antibiotic prescription, affecting up to 75% of
children under 5 years of age. Despite the available clinical guidelines, variations in its diagnosis and management persist.
OBJECTIVE. To synthesize current evidence on the treatment of childhood AOM, highlighting effective interventions and gaps in
clinical knowledge.

MATRIAL AND METHODS. An umbrella review of systematic reviews and clinical guidelines published between 2000 and 2025 was
conducted. PubMed, Cochrane Library, Virtual Health Library and Epistemonikos were consulted, following PRISMA criteria. We in-
cluded studies in English (and Spanish in the case of local guides). Two review authors applied the inclusion criteria independently
using Rayyan. Methodological quality was assessed with AMSTAR-2.

RESULTS. 33 studies were analysed. Eighteen reviews evaluated treatments (antbiotics, surgery, complementary therapies), five ad-
dressed prevention (vaccines, xylitol), and the rest epidemiological and implementation aspects. Short-acting antibiotics were as effective
as longer-acting antibiotics, with fewer adverse effects. Pneumococcal vaccines significantly reduced the incidence. Xylitol showed
moderate benefit. Amoxicillin remains a firstline treatment, with surveillance in mild cases. Gaps persist in the use of corticosteroids,
education for caregivers, and monitoring of adverse effects.

CONCLUSION. There is strong evidence for the rational use of antibiotics and vaccines. However, more studies are needed on comple-
mentary interventions and strategies to improve adherence to clinical guidelines.
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INTRODUCTION

Acute otitis media (AOM) is characterized by sud-
den inflammation and fluid accumulation in the mid-
dle ear, accompanied by local (otalgia, otorrhea) and
systemic (fever, irritability) signs and symptoms. It is
extremely common in childhood: it affects approxi-
mately 75% of children before 5 years of age, being
most common between 6 and 24 months'? Reported
incidence rates vary widely, due to differences in diag-
nostic definitions, study designs, populations assessed,
and geographical/seasonal factors. However, AOM
remains the leading cause of antibiotic prescribing in
paediatrics in many countries. For example, in the

United States, AOM traditionally represented the first
indication of antimicrobials in children. Following
awareness efforts and the introduction of the pneumo-
coccal conjugate vaccine, AOM visits decreased from
950 to 634 per 1000 children between 1995-1996 and
2005-2006'; in the same period, antibiotic prescrip-
tions for AOM fell from 760 to 484 per 1000. However,
the proportion of consultations for AOM treated with
antibiotics remained high (barely decreasing from
80% to 76%). This suggests that, although the inci-
dence of AOM may have been slightly reduced (pos-
sibly thanks to vaccines and better recognition of viral
pictures), the practice of prescribing antibiotics for
any AOM has hardly changed'?.
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Despite the availability of evidence-based clinical
practice guidelines (e.g., 2004 and 2013 American
Academy of Pediatrics guidelines, European and other
national guidelines), numerous studies show a gap be-
tween recommendations and actual practice. Vernac-
chio et al.? surveyed 469 primary care paediatricians
about their management of AOM in four clinical set-
tings, shortly after the publication of the 2004 Ameri-
can Academy of Pediatrics (AAP) guideline, and
found no significant changes from previous surveys. In
their study, most physicians were aware of the guide-
line, but many did not follow its recommendations,
especially in diagnosis (only 16.2% used routine pneu-
matic otoscopy) and in “watchful observation” (ap-
plied in only 10-15% of cases, mainly due to fear of
complications or parental pressure)®. From the treat-
ment point of view, only 17.9% followed the guidelines
recommendations of prescribing high-dose amoxicil-
lin-clavulanate in severe acute otitis media. Accord-
ingly, Coco et al.* analysed data from the U.S. National
Ambulatory Medical Care Survey (2002-2006, n=1114)
and found no significant difference in antibiotic pre-
scribing rates before and after the 2004 guideline was
released (p=0.103). Similarly, in Italy a lack of impact
of guidelines on physicians’ conduct was observed,
with 81% of antibiotic prescribing versus 82% prior to
the guidelines®. A study in Israel reported that be-
tween 2002 and 2009 the proportion of physicians who
chose not to prescribe an antibiotic at the outset of
AOM remained low; paediatricians and otolaryngolo-
gists showed a slight tendency to postpone antibiotics,
while family doctors even increased their early pre-
scribing in that period®.

These findings highlight the resistance to changing
established practices and the influence of factors such as
parental concern, expectations during the consultation,
and the logistics of follow-up, despite evidence support-
ing more conservative management in certain cases’.

AOM continues to represent a major challenge in
child health: it is a very frequent reason for consulta-
tion and generates considerable use of antibiotics,
with the consequent impact on health costs and micro-
bial resistance. At the same time, notable variations
persist in their handling; for example, there are differ-
ences between countries in antibiotic regimens, in the
use of diagnostic procedures such as tympanocentesis
or pneumatic otoscopy, and in the indication for sur-
geries (myringotomy with ventilation tubes, adenoid-
ectomy). A report by Tamir et al.® compared AOM
guidelines from different countries and concluded
that, although most share common pillars (promoting
initial observation when safe, ensuring coverage with
amoxicillin as the firstline, and encouraging pneumo-
coccal vaccination), there are significant variations in
the duration of recommended treatment, the role of
topical analgesia, and the management of complica-

tions. All of the above highlights the need to integrate
the body of available evidence to outline a current
consensus and detect which questions remain unan-
swered. In this context, an umbrella review, which
brings together results from multiple systematic re-
views and guidelines, is particularly useful.

The objective of this work is to provide a panoramic
and updated view of the management of childhood
AOM, strengthening the scientific bases of clinical rec-
ommendations and identifying knowledge gaps that
guide future research and improvements in care.

MATERIAL AND METHODS

Study design: An umbrella review was carried out,
understood as an integrative second-level review that
synthesizes the evidence from previous systematic re-
views and clinical practice guidelines. This design is
appropriate for drawing global conclusions on a broad
topic — such as the management of acute otitis media
(AOM) - from the best evidence compiled to date.
The review is reported following the PRISMA guide-
lines for overviews where applicable®!.

Eligibility criteria: Systematic reviews, meta-analyses
or high-level narrative reviews, as well as clinical prac-
tice guidelines, that addressed aspects of treatment,
diagnosis or prevention of AOM in the paediatric pop-
ulation (<18 years) were included. Since the most rel-
evant literature in health sciences is published in
English, the language was restricted to English for pri-
mary sources of evidence (and Spanish only if it cor-
responded to high-impact local guidelines; in the end,
all eligible guidelines were in English). Publications
from 2000 to May 2025 were considered to ensure
topicality (many key changes, such as the introduction
of conjugate vaccines and the dissemination of guide-
lines, occurred from that decade onwards).

We excluded: individual primary studies (clinical
trials, cohorts, etc.) that were not part of a review; low-
quality narrative reviews or without explicit methodol-
ogy; technical reports and theses not published in
peerreviewed journals; and articles in languages other
than English or Spanish. In terms of practice guide-
lines, both national guidelines and consensus of rele-
vant scientific societies were included, as long as they
were based on evidence review.

Literature search: We searched PubMed (MED-
LINE), Cochrane Database of Systematic Reviews, Vir-
tual Health Library, and Epistemonikos, from 1 January
2000 to 10 May 2025. The strategy combined MeSH
terms and free text in English, grouping concepts of:
acute otitis media (“acute otitis media”, “AOM”), pedi-
atric population (“child”, “infant”, “children”, “pediat-
ric”), interventions (“antibiotics”, “antibacterial agents”,

“watchful waiting”, “tympanostomy”,

”

vaccination”, “xy-
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litol”, etc.), and outcomes (“treatment outcome”,
“symptom resolution”, “recurrence”, “adverse effects”,
“hearing loss”). Equivalent terms were adapted for the
other databases. In addition, reference lists of relevant
articles obtained were reviewed to identify potentially
uncaptured studies, and “similar articles” functions in
PubMed were used to expand sensitivity. No restriction
was applied by country or type of publication (except
for the aforementioned eligibility criteria). The last
search was conducted on 10 May 2025.

Study selection: Search results were managed with
Rayyan® software. First, duplicates were removed. Subse-
quently, two review authors independently screened titles
and abstracts, discarding those that were clearly irrele-
vant based on inclusion/exclusion criteria. The records
that passed this initial filter were evaluated in full text.
Each review author kept a record of the reasons for ex-
clusion for studies read in full text (e.g., ‘ineligible de-
sign — primary study’, ‘topic out of scope — otitis media
with effusion, notacute’, etc.). Discrepancies at any stage
were resolved by discussion and consensus. If disagree-
ment persisted, a third author was consulted for the final
decision.

Data extraction and synthesis: An ad-hoc form was
designed in Excel to extract the key data of each in-
cluded study. We extracted: (a) bibliographic data (au-
thor, year, country or region of evidence, type of
publication), (b) scope and main question (e.g., “Are
prophylactic antibiotics effective in preventing recur-
rent AOM?”), (c) design of summary studies (number
of trials included in each review, etc.), (d) main out-
comes and recommended care, (e) authors’ conclu-
sions, and (f) stated limitations. For clinical practice
guidelines, their relevant specific recommendations
(e.g., first line therapy, duration of treatment, diagnos-
tic criteria) were also extracted. Two authors performed
the extraction in parallel in a cross-sectional manner
(each article was extracted by one reviewer and verified
by the other), resolving differences of interpretation by
consensus. Given the narrative and integrative nature of
the umbrella review, the synthesis of results is presented
in a descriptive and qualitative manner, grouping find-
ings by themes (e.g., antimicrobial therapies, surgical
interventions, preventive measures, etc.). Where rele-
vant, quantitative measures of effect reported in the
original reviews (relative risks, mean differences, etc.)
were incorporated to illustrate the magnitude of the
findings. We did not perform a new meta-analysis com-
bining results from different reviews, as each review
largely included different studies, and combining esti-
mates could lead to duplication of primary data. In-
stead, it was privileged to summarize the conclusions
with the highest level of evidence available.

Assessment of the quality of the evidence: The AM-
STAR-2 (A Measurement Tool to Assess Systematic Re-
views 2) tool was applied to each included systematic

review, to assess its methodological rigor (domains
such as a priori protocol, completeness of the search,
consideration of publication biases, synthesis meth-
ods, etc.). The overall quality of each review was cate-
gorised as high, moderate, low or critically low,
according to AMSTAR-2 criteria'''2,

Clinical practice guidelines were evaluated infor-
mally, considering their degree of support in evidence
(all the guidelines included were based on systematic
reviews and had explicit levels of evidence and degrees
of recommendation, so they were considered reliable).
However, for future research, it is proposed to apply a
formal tool, such as the Appraisal of Guidelines for Re-
search & Evaluation II (AGREE II), to systematically as-
sess the methodological quality of the clinical guidelines
included. To graphically synthesize the strength of the
evidence in each sub-theme, an Evidence Gap Map was
developed. In this map, the horizontal axis represents
the relevant interventions (e.g., antibiotics, vaccines,
ventilation tubes, xylitol, corticosteroids, etc.) and the
vertical axis represents the different outcomes or as-
pects (e.g., resolution of symptoms, recurrences, ad-
verse effects, adherence to guidelines, etc.). Each
‘bubble’ on the map indicates the amount of evidence
available on that intervention-outcome combination
(size of the bubble proportional to the number of stud-
ies) and the average quality (colour indicating high,
moderate or low-quality evidence). This made it possi-
ble to visually identify where the evidence is abundant
and robust, and where gaps exist.

Further analysis (publication bias and heterogene-
ity): As results from multiple reviews were compiled,
we assessed whether there might be publication bias at
the global level of the evidence. To do this, we con-
structed a funnel plot by taking, from each included
quantitative systematic review, a primary effect estima-
tor (e.g., the overall effect of antibiotic vs. placebo on
cure, the effect of vaccine vs. non-vaccine, etc.) and its
standard error. Although mixing different outcomes
in the same funnel is methodologically approximate,
we use it as a general indicator of asymmetry. In addi-
tion, we applied Egger’s test on this funnel plot to de-
tect significant asymmetry, and we calculated the 12
statistic as an estimate of the heterogeneity between
the results of the reviews (due to the diversity of out-
comes and populations, high heterogeneity was an-
ticipated). These analyses were performed using
RevMan vb.4 software (Cochrane).

RESULTS

The selection process is outlined in Figure 1 (PRISMA
flow diagram). A total of 1,171 unique records were iden-
tified, of which 118 full-text articles were reviewed. Ulti-
mately, 33 studies focusing on the management of acute



118 Romanian Journal of Rhinology, Volume 15, No. 59, July - September 2025
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Figure 1. PRISMA flowchart. Management of acute otitis media in children: umbrella review.

otitis media (AOM) in pediatric populations were in-
cluded®'**. The majority were systematic reviews with or
without meta-analyses (n=23), several of which were Co-
chrane reviews or employed robust methodological
frameworks such as GRADE (Grading of Recommenda-
tions Assessment, Development, and Evaluation), ROBIS
(Risk of Bias in Systematic Reviews), and AMSTAR-2. Ad-
ditionally, four clinical guidelines based on national or
international consensus were included, along with two
narrative reviews, one qualitative systematic review, and
three studies evaluating specific therapeutic interven-
tions (e.g., xylitol, corticosteroids, phytotherapy). This
methodological heterogeneity provides a comprehensive
and evidence-based perspective on antibiotic steward-
ship, clinical efficacy, prevention strategies, and comple-
mentary approaches in the pediatric care of AOM.
Table 1 presents a summary of each (authors, year,
title, objective, population scope, main method, key
findings, strengths/limitations, and quality rating ac-
cording to AMSTAR-2). The reviews came from vari-
ous regions (North America, Europe, Asia and Latin

America), as did the guidelines (USA, Canada, Eu-
rope, Asia). In terms of approach, 18 reviews focused
on therapeutic interventions (antibiotics, surgical pro-
cedures, alternative treatments), 5 on preventive mea-
sures (vaccines, xylitol, antibiotic prophylaxis), 3 on
risk factors and epidemiology, and 2 on educational
aspects or the implementation of guidelines. The clin-
ical guidelines included corresponded to: the 2013
American Academy of Pediatrics (AAP) guideline, Eu-
ropean guidelines (e.g., Danish 2016, British 2015
summary by Siddiq et al., Italian 2010), Israeli 2016,
the Canadian Guide (2016) and Asian guidelines (Ko-
rean 2012, Japanese 2014 and its 2018 update)***.

According to AMSTAR-2, in this umbrella review, 17
reviews were judged to be of high quality, 13 of moder-
ate quality, and 2 of low quality (see Table 1, the last
column). Two reviews were rated as of low quality: one
on herbal medicine (Son et al.?’) and another on ad-
herence to management guidelines (Siddiq et al.*,
2015), due to limitations in the strategy for finding
and evaluating biases.
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Table 1. Articles included in the review.
e Study setting, Included method: A Quality Rating
Author(s), year Objective of the study S O . Results Strengths and limitations (AWSTAR])
Gattiraraetal? Toprovide recommendations onthe  Italy; children >3 months with  Systematic review and Delphi ln:ifsl el:;:gzsmg:m Strenqths:l:n:jear:iel;cg)lli:s;)cleconsensus,
5 " useofantibioticsin AOMand RAOMin  AOM/RAOM; revision of NI consensus; application of davulanate or ceohalos Iorins P High
previouly heclthy alan chldren and SPguidelines GRADE-ADOLOPMENT racorepalogoms _—
in selected cases Limitations: based on previous quidelines
’ " ' . N o Strengths: multinational approach, economic
Conesaetal” Toreview the clinical and economic 31 European countries, Systematic review; tools  Reduction in hospitalizations evalation
" o burden of AOM caused by S. children <5 years old; ISPOR-AMCP-NPC, ECOBIAS,  and antibiotic resistance after Moderate
pneumoniae post-introduction of PCV Literature since 2011 ROBIS PCV: Methodological variability o '
Limitations: data heterogeneity
Leeetal" Establish Korean quidelines forthe  Korea, children <15yearsold; ~ Adaptation of previous Recommendations for Stengths:ocal adetaton
o diagnosis and treatment of otitismedia  national survey and literature  quidelines; national review;  diagnosis, treatment, and L Moderate
2012 - ’ ) Limitations: limited evidence in some
in children under 15 years of age review expert consensus prevention of AOM/OME -
' s Update AAP and AAFP quidelinesfor  USA, children 6 months - 12 -y Stnctdeﬂnltvlons, Sengts:stong methoddlogialbass
Lieberthal etal.”, 2 ) Systematic review; GRADE recommendations for )
AOM managementin children6  years; development with AHRQ o o T High
2013 " methodology observation, antibiotic Limitations: variable applicability in diverse
months to 12 years and clnical experts ) .
treatment, and prevention environments
unietal? Tocompareefﬁ(a(yofshorlt‘ i chlden dweels-18 SystemaﬂcrgwewofRFTs Therelsnomajorfallurewlth Strengths: analysis by subgroups ‘
209 (<4 days) vslong (>4 days) antibiotic ears 35 il meta-analysis by antibiotic  shorttreatments; lower risk of High
treatment in children s type adverse effects Limitations: variability between studies
Ao etal? To assless the efﬁ(acly of xylitolin SACK (<3405, mainly (achvane vyl Xylitol rf.du(es the mudenlce of  Strengths: good methodological quality .
06 preventing AOM n children under 12 Filand e AOM; Lower adherence in High
years of age children under 2 yearsofage  Limitations: limited general applicability
Badachetal?, To degnbe t'he emdemmlggy of AOMin Reg|onalistud|es, yanpus A H'|gh'|nudeflce and variability Strengths: regional focus
M children in Latin America and the countries; paediatric ki in diagnosis, treatment and Moderate
(aribbean population Y etiological agents Limitations: heterogeneous quality of studies
Heidemamn tal” Update Danish gmdelmesforthg Denmar!(, preschoqlers; Reviewwith RADE AGREEI, Re(o.mmenQatlonsfor Strengths: rigorous methodology ‘
management of AOM and OME in Evaluation of multiple diagnosis, surgical treatment High
2016 ) AMSTAR . L
preschoolers methodological tools (tubes, adenoidectomy)  Limitations: indirect evidence in some areas
De Sevauretal? To assefs the effgctwgness of PCVin 11RCTs (1=60733), vrous Cochrane Review: GRADE,PC Reduction of general and Strengths: large sample size .
00 preventing AOM n children under 12 oS 15 vacine contol comparison pneumococcal AOM, lower High
years of age ' P recurrence; mild side effects  Limitations: heterogeneity between studies
Dissanayakeetal”, ~ ReviewP(Vsimpactonreducng  International Studies, children ~ Systematicreview with AB;ES:::;“:&Eneuer:nge; LI LS Noderate
2024 AOM-resistant strains <18 years old; 5 databases PRISMA ariteria 2020 ; W . !
included Limitations: lack of meta-analysis
a Toassess bacterial prevalence and 48 studies, 15,871samples  Systematic review and meta- S.pneumomaeBO%)andH. Strengths: high volume of data
Matheretal.®, T L . influenzae (23%) were )
antimicrobial resistance in pediatric from children with AOM, ~ analysis (MEDLINE, EMBASE, . High
2019 e ) ) prevalent; 15% resistance to - .
acute ofitis media various countries (ochrane) o Limitations: crop heterogeneity
amoxicilin
. ) . o : PR ~ Strengths: focused on post-vaccination
Holmetal2 Determining the real benefit 5RCTs (n=1862) in countries  Systematicreview of RCTs; ~ Antibiotics with limited effect; b
00 . of antibiotics in AOM in the with pneumococcal Qutcomes: Pain, adverse NNT7-28; AEin Tin 13 High
post-vaccine era vaccination programmes effects, recurrences patients Limitations:ew RCTs
. Toprovide diagnosticand therapeutic  Ifaly, children 2monthsto 12 Clinical quideline basedon  Recommendations on accurate Strengths:broadsgpportfrommedlcal
Marchisio etal.”, . o o o N L societies
010 recommendations for AOM in Italian years, multidisciplinary systematic review and diagnosis, use of antibiotics, Moderate
children development consensus vaccines

Limitations: No meta-analysis
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_ Study setting, Induded method: L Quality Rating
Author(s), year Objective of the study e sty design Results Strengths and limitations (AMSTAR])
Sidietal?” Rew'ew§nd compare'theZO'BAAP Narranye R'ewewI(ompanng Gitlgtheisofoffcl AAP'aIIowsfor |n}tm| ' Strengths: comparative clarity
o quidelines on the diagnosisand AP Guidelines with NICE and dinicalcidelnes observation; Better diagnostic Low
management of AOM SIGN g definition Limitations: not systematic study
AMX-CLV more effective than Strengths: direct benchmarking

12 RCTs (children 6 months to
12 years), Europe and Asia

Tsergoulietal®, ~ Comparing efficacy of antimicrobials
003 and placebo vs amoxicillin-clavulanate

Systematic review with meta-

analss (Revhlan 5.4 placebo, cefdinir, penicilinV; High

comparable to others Limitations: heterogeneity

National evidence-based
linical quideline; severity
stratification

Update Japanese guidelines for the
diagnosis and treatment of AOM in
children

Amoxicillin for mild/moderate  Strenqths: adaptation to local resistance
cases; altematives according to High
resistance Limitations: lack of extenal validation

Japan, children <15 years old;
2006-2012 revision

Kitamuraetal.15,
2015

Reduction of one episode in 6 Strengths: direct evidence

Lousetal”, Toassess the effect of ventilation tubes ~ 5RCTs (n=519), Denmarkand ~ Systematic review; studies

01 in children with recurrent AOM others with different control groups months;sameefﬂ.caclyas —_— . ' Vodet
prolonged antibiotics Limitations: heterogeneity, no meta-analysis
Neto etal., |dentify modifiable risk factorsfor ~ Review of studies from 1966t~ Systematic Review of ' Paaﬂeruseandday(e!re' Sengths: prvenie ppoec
L ) ) . ' increase risk; Breastfeeding is Moderate
2006 recurrent AOM i children 2005, multiple countries  Observational Studies and RCTs ) o )
protective Limitations: biases in included studies
Frequent misinformation; DAL G
Meheralietal”, ~Exploreinformationneedsandparent 21 qualitativestudiesin ~ Qualitative systematic review e qative imnacton family Moderte
2020 experiences about AOM high-income countries (PRISMA) g P .y Limitations: subjectivity and lack of
management and well-being . .
interventions
Snetal? Toevahate e ffcacy of 7RClsinAsa (China Kot Systematic review; Comparison ngorcllanaI |mprovement Strengths: first review of the topic
17 shyaterapyinchihood AOW b between phytotherapy+  with combination, but low- Low
antibiotic vs antibiotic alone quality studies Limitations: high bias, few studies
Update the 2013 Japanese guidelines ’ (linical quideline withafocus  Selective use of antibiotics ~ Strengths: Japanese and global evidence
el . Japan, children <15 years old; . ) o
Hayashietal.®, forthe management of AOMin children . ) on otoscopy, gravity and with otoscopic criteria; assessment )
)  2013-2016 Literature Review - ) High
2020 under 15 years of age, incorporating ) antibiotics according to local Amoxicillin-clavulanate
) I and National Consensus i L L -
vacdnes and bacterial resistance bacteriology effective in severe cases Limitations: international applicability
N Toassess efficacy of antimicrobial ' Systematic reviewand meta- R 0.59 (95% C10.45-0.77); Stengths: obust et anaysis
Daviesetal.”, o ) 20 studies, n=2210; 9 pre-PCV L . )
5 chemoprophylaxis in children with <tudies uantitatiely anahzed analysis; relative risk with 95% ~ no controlled trials after Limitations:re-PCV data. curent ow High
recurrent AOM g yandy (I; Random-effects models introduction of PCV e &
applicability
van den Aardweg Toassess the effectiveness of 14RCTs,n=2712; children (E:h;aﬂr:]e S:;:T?Ji{g‘;evzs eéif:::%e&? n,x):g‘:c:fsfed Stengts: ocrane idence Hich
etal., 2010 adenoidectomy in paediatric AOM/OME with AOM/OME P g. VP " L ) g
non-surgical management on AOM episodes Limitations: cinical heterogeneity
o To examine the effect of AOM clinical 7 observational studies in 6 T Modest decrease in antibiotic Strengths:international analysis
Denizetal.®, o o ) ) Systematic review with »
quidelines on antibiotic and analgesic countries (n=200-4.6 prescribing (5%-12%); Moderate
218 ” o ROBINS-! tool L o
prescribing million) Increased painkillers Limitations: high risk of bias
Ficheaetal® Reylewcasesoffaualparalyms 18 studes, =120 Median N o 88/?c.ompleterecqveryW|.th Strengths: novel revision
B associated with AOM and propose a 206406 veats Descriptive systematicreview  antibioticand corticosteroid Moderate
therapeutic algorithm ger ) treatment Limitations: lack of controlled trials
@ . ' ’ o o Strengths: rigorous methodology
Ranakusumaetal.?,  Todetermine effects of systemic 2RCTs, n=252; children3  Cochrane Systematic Review;  No consistent clinical benefits; Hidh
2018 corticosteroids in children with AOM months—6 years comparison with placebo  lack of evidence for routine use o ) g
Limitations: few studies
Roversetal?!, Identify paediatric subgroupsthat ~ 6RCTs, n=1643; children6  Meta-analysis with individual Sgiant enetin (hll.d @ Stengths:anlsisy subgoups '
under 2 years of age with High

2006

benefit most from antibiotic treatment

months—12 years

data

bilateral AOM and otorrhea

Limitations: old data
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et Study setting, Induded method: A Quality Rating
Author(s), year Objective of the study perticpantdetis shudydeson Results Strengths and limitations (WSTAR])
Seqal etal ¥, Update guidelines considering Israel; children with AOM; ~ Evidence-based quidance and Promotes observatloq z.tB.—7Zh; Stengts updted il appoach
P L " ) Rational use of amoxicillin and Moderate
2005 antibiotic resistance in AOM Narrative Review clinical experience - o _
vaccnation Limitations: no systematic review
Strengths: broad reach
Steeleetal*, Synthesizing evidence on ventilation 147 studies reviewed, random-  Comparative meta-analysis o Initial hearing benefit (1-3 Hich
2017 tubesin AOM and OME effects network analysis intervention vs. observation  months); Nolong-term effect  Limitations: limited applicability to healthy g
children
Tamiretal?, (ompare global clinical quidelines for  International review of guiding (omparatieanalssaf General onensso il TR

2017 the treatment of AOM documents

diagnostic and therapeutic

observation, use of NSAIDs, Moderate
and preventive vaccination Limitations: Not systematic

13 RCTs (3401 children); high-

Venekampetal,  Toevaluate the efficacy and safety of

(ochrane systematic review of

Antibiotics slightly reduce pain
in later days and some

Strengths: high methodological quality

2015 antibiotics in children with AOM |nc;r;1:t;?$t1n5es;:agrsesz complications; more adverse  Limitations: limited to developed countries, ik
yeas effects than placebo noimpact on severe complications
) ) Narative review including 11 Analgesic ear drops offerrapid ~ Strengths: good evidence compilation
g Toreview therole of analgesicear " L . - .
Michel®, oosin the teatment of OM-elted linical studies, 2 quidelines, 5 Narrative systematic review onset but short duration; may Noderate
2001 P i reviews; no specific geographic (2000-2020). be considered first-line for pain  Limitations: lack of standardized protocols
pan. resfriction. management. beyond single-dose use.
Antibiotics offer limited pain ) .
: . B ~ Strengths: robust methodology, integration
Toupdate recommendations on the LI S lEJ‘:tliiT:r‘]ceedgs:Ie: C::in gs:n re“er:s(l?yfT a?iizrztezevjn(i:w)’ G R G
NICE®, 'p' ) " under 18 with AOM; quideline . ) .p analysis. '
m antimicrobial prescribing strategy for deveooed vith Public Health systematic reviews, meta- (NNH=13); back-up or no Not applicable
AOM in children. P analyses, and expert antibiotics recommended L
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AOM - acute ofitis media; RAOM - recurrent acute ofitis meda; NICE - National Institute for Health and Care Excellence; SIP- Italian Society of Pediatrics; GRADE - Grading of Recommendations Assessment, Development, and Evaluation;
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controlled trials; NNT - number needed to treat; AE - adverse events; SIGN - Scottish Intercollegiate Guidelines Network; AMX-CLV - amoxicillin-clavulanate.

Antibiotic management of AOM: A central issue ad-
dressed in multiple reviews was the efficacy and opti-
mization of antibiotic therapy. Synthesized evidence
confirms that antibiotics offer a modest but significant
benefit in uncomplicated AOM, shortening pain dura-
tion compared to placebo, although many children
improve spontaneously within a few days.

A seminal meta-analysis performed by Rovers et al.?!
in 2006, on 1643 children aged 6 months to 12 years,
estimated that antibiotics produce a slightly higher
cure rate at 3-7 days than no treatment (number
needed to treat, NNT=8; i.e., treating 8 children so
that 1 more is cured quickly). This benefit is more pro-
nounced in children under 2 years of age with bilat-
eral AOM or otorrhea. On the other hand, in older
children with unilateral AOM and mild symptoms, the
difference between immediate antibiotic therapy ver-
sus watchful waiting is minimal in terms of short-term

clinical resolution. For this reason, the guidelines pro-
mote initial observation in these mild cases®"#.
Another review by Venekamp et al.? noted that
84% of children with AOM improve spontaneously
within 2-3 days without antibiotics, although antibiot-
ics slightly reduce the risk of persistent pain at day 3
(30%, 95% CI 14% to 43%). Regarding the duration
of antibiotic treatment, the review by Gulani et al.**
provided strong evidence that short courses (<4 days)
are comparable in efficacy to traditional courses of
7-10 days. In 35 trials analyzed, there was no signifi-
cant increase in failures when using abbreviated regi-
mens (at l-month follow-up, RR=1.06; 95%CI
0.95-1.17; p=0.298). In addition, short regimens had
a lower incidence of gastrointestinal adverse effects
(RR=0.58; 95%CI 0.48-0.70). However, there were ex-
ceptions: antibiotics with a very short half-life given
only for 2-3 days (e.g., penicillin V for 3 days) did have
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more relapses than standard regimens. In contrast,
short-course azithromycin was associated with similar
(or greater) success than traditional regimens, as was
ceftriaxone at 1-2 doses, which showed comparable
efficacy to 10 days of amoxicillin. Based on this, mod-
ern guidelines usually recommend courses of 5—7 days
of amoxicillin in most children (and even 3 days in >2
years with a favourable evolution), reserving 10 days
only for <2 years or severe cases®%.

Regarding the choice of antibiotic, practically all the
guidelines included converge in recommending amox-
icillin at high doses (80-90 mg/kg/day) as first-line
therapy in the vast majority of cases of acute uncompli-
cated AOM. This is due to its adequate spectrum (it
covers S. pneumoniae, the main pathogen, and Haemoph-
ilus influenzae that does not produce beta-lactamase)
and its safe profile. The amoxicillin-clavulanic acid
combination is suggested as a first choice only if there
are risk factors for beta-lactamase-producing bacteria
(e.g., recent antibiotic treatment, concomitant puru-
lent conjunctivitis suggestive of resistant H. influenzae)
or in severe-onset AOM. The AAP 2013 guideline'® em-
phasizes differentiating between severe AOM (defined
by moderate to severe otalgia or fever 239°C) —in which
case it urges immediate treatment with antibiotics
(amoxicillin-clavulanate in severe cases, amoxicillin in
non-severe cases) — versus non-severe AOM in >2 years
— where it endorses observing 48-72 hours before de-
ciding to start antibiotics. Other guides, such as the Ital-
ian and Japanese, agree with this direction, emphasizing
adapting the handling according to gravity. Tsergoulli
et al.? state that amoxicillin-clavulanate should be con-
sidered the treatment of choice for children between 6
months and 12 years of age diagnosed with acute otitis
media. In recurrent AOM or one that does not respond
to the first course of amoxicillin (if there is no improve-
ment after 2-3 days), it is recommended to escalate to
amoxicillin-clavulanate, and if this fails, consider intra-
muscular ceftriaxone. These algorithms are derived
from studies showing that with each therapeutic step,
recovery is achieved for most patients, although the ini-
tial failure rate with amoxicillin is low overall (10-20%).
It should be noted that macrolides (e.g., azithromycin)
are reserved for penicillin-allergic patients, as S. pneu-
moniae exhibits significant macrolide resistance in many
regions'*'>1%% In summary, this integrative review con-
firmed that the optimal antibiotic strategy is to treat in
a targeted manner (amoxicillin) only those who need it
(according to age and severity), with the shortest pos-
sible duration, and to switch to broad-spectrum drugs
only if there is therapeutic failure or specific risk fac-
tors. This balances clinical efficacy and minimizes the
risk of adverse events and bacterial resistance?’.

Pneumococcal vaccines and prevention of AOM:
The introduction of pneumococcal conjugate vaccines
(PCV7 since 2000; PCV10/13 since 2010) has substan-

tially modified the epidemiology of AOM. Two system-
atic reviews evaluated its preventive impact. De Sevaux
et al.® (Cochrane 2020) included 11 trials (60,733
children) and confirmed that vaccination reduces the
incidence of AOM: in <1 year vaccinated with PCV7,
the relative risk of having 21 episode of AOM de-
creased by about 6-7% in absolute terms; the reduc-
tion was greater for recurrent AOM (up to 24% lower
risk of recurrences). The PCV10 vaccine (which adds
serotypes not covered by PCV7) showed additional re-
ductions in countries with high disease burden.

Dissanayake et al.?” specifically analyzed the vaccine
effect on resistant strains: after the adoption of PCV13,
they found a significant decrease in penicillin-resistant
S. pneumoniaeisolates in AOM exudates, with RR 0.5 to
isolate resistant strains in vaccinated children versus
the pre-vaccination era. However, they also high-
lighted the phenomenon of serotype replacement:
serotypes not included in vaccines (such as 19A at the
time of PCV7, or others after PCV13) increased their
proportion in post-vaccination AOM. Still, the net im-
pact is positive: the global burden of AOM decreased
(for example, in some countries AOM visits fell by
20% after PCVs) and global resistance was reduced,
supporting universal vaccination as a highly effective
preventive measure.

Another review (Bardach et al.?’) focused on Latin
America and the Caribbeans prior to the introduction
of PCV and found a very high incidence of AOM (on
average, 3 episodes/year in < years), underscoring
the potential benefit of vaccination in these regions.
They reported an annual incidence of approximately
1,171-36,000 episodes per 100,000 children. Cur-
rently, with PCV13/15/20, this downward trend in oti-
tis is expected to continue. However, updated studies
are required to quantify the effect of new expanded
conjugate vaccines (PCV15, PCV20) on AOM, as they
could cover some emerging serotypes.

Conesa et al.* assessed the burden of acute otitis
media due to Streptococcus pneumoniaein European chil-
dren after widespread pneumococcal vaccination. A
total of 107 studies from 31 countries were included.
Findings showed reductions in hospitalizations and an-
tibiotic resistance, but a rise in non-vaccine serotypes. A
residual disease burden remains, highlighting the need
for standardized methods and improved surveillance.

As non-immunological preventive measures, the use
of xylitol has generated interest. The Cochrane Review
performed by Azarpazhooh et al.*! reviewed 5 clinical
trials in Finland (including 3,405 children) and con-
cluded that xylitol (given in gum or syrup several times
a day) modestly reduces the incidence of AOM in
healthy children attending day care (relative risk re-
duction of 256%, from 30% to 22% of children with
AOM; RR 0.75, 95%CI 0.65 to 0.88). This effect was
mainly observed in children older than 2 years with no
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history of recurrent otitis. In infants or children with
very frequent infections, the benefit was not signifi-
cant. In addition, adherence to xylitol was often sub-
optimal (it is difficult to administer gum or syrup
several times daily). Thus, although xylitol is safe and
could be recommended as an aid in certain cases (for
example, children with recurrent respiratory infec-
tions, when they tolerate chewing gum), the evidence
does not position it as a generalized preventive policy
of high impact.

Another preventive measure discussed is continu-
ous antibiotic chemoprophylaxis in children with re-
current AOM (usually defined as >3 episodes in 6
months or 24 per year). This practice, common de-
cades ago, has fallen into disuse due to resistance con-
cerns. Davies et al.* included in the qualitative analysis
twenty studies involving 2,210 children, and nine in
the meta-analysis (n = 1,087). Antimicrobial chemo-
prophylaxis significantly reduced the incidence of re-
current acute otitis media (RAOM) with a pooled risk
ratio of 0.59 (95%CI: 0.45-0.77), and a number
needed to treat (NNT) of approximately six. Trime-
thoprim-sulfamethoxazole showed the greatest effect,
followed by amoxicillin. Subgroup analysis showed
limited evidence of benefit in children <5 years or in
males. Adherence was high and adverse effects were
minimal, but overall evidence quality was moderate to
very low with notable publication bias. However, no
trials were conducted in the post-pneumococcal vac-
cine era, and most reported a rebound in otitis after
stopping the antibiotic. In addition, adverse events
(mainly diarrhoea, rashes) were common and the im-
pact on resistance, although not measured in those
old studies, is a tangible risk. Consequently, current
guidelines no longer recommend routine continuous
antibiotic prophylaxis; rather, they suggest consider-
ing surgical measures (ventilation tubes) in children
with very frequent recurrences rather than exposing
them to prolonged antibiotics.

Surgical interventions (myringotomy with tubes, adenoid-
ectomy): Surgical management has a role in recurrent AOM
or otitis media with persistent effusion (OME, which may ac-
company acute episodes). Several included reviews explored
its effectiveness. The review by Lous et al.” collected trials on
tympanostomy tube placement in children with recurrent
AOM (5 studies, 519 children). They found that the tubes
reduce the number of AOM episodes in the following year
per child by about 1 (on average). This benefit was clearer in
the first 6 months postplacement; then the differences are
attenuated, in part because many tubes have already been
expelled spontaneously or have become clogged. In terms of
hearing, in children with persistent effusion, the tubes im-
prove hearing by 5-12 dB in the short term, but there is no
evidence of long-term impact on language development.

Steele et al.*, in a review performed on 147 articles,
concluded that the effectiveness of tubes is transient and

that the indication should be individualized —which aligns
with guidelines, which recommend tubing primarily if
there are persistent effusions with hearing loss or language
delay, rather than isolated recurrent AOM without effu-
sion. Children with tympanostomy tubes presented a de-
crease in mean hearing levels of 9.1dB at 1 to 3 months
when compared to watchful waiting group, with no differ-
ence by 12 to 24 months. In recurrent AOM without effu-
sion, the tubes can space out otitis, but with the cost of
anaesthesia, possible otorrheas through the tube (occur in
20% of children), and small tympanic scars. The 2013
AAP/AAO guidelines discourage tubing solely for recur-
rent AOM unless parents have a good understanding of
the risk/benefit balance.

For adenoidectomy, the Cochrane Review by van den
Aardweg et al.* evaluated 13 studies and found that ade-
noidectomy — especially in combination with tube place-
ment — significantly reduces AOM recurrences: the NNT
was 9 to prevent a child from having recurrent AOM at
12-24 months. The benefit was greater at >2 years and in
the presence of concurrent serous otitis. In children under
2 years of age, efficacy was minimal. This suggests that in
very young children the adenoids do not yet play an im-
portant role, but in older preschoolers with obvious ade-
noid hypertrophy, surgery helps. Consequently, some
European guidelines contemplate adenoidectomy if there
is recurrent AOM plus hypertrophied adenoids that ob-
struct nasal breathing or with concomitant OME, after
conservative measures have failed. In summary, the evi-
dence suggests that surgeries should be reserved for se-
lected cases: ventilation tubes improve quality of life by
reducing episodes in children with very frequent otitis or
chronic effusions, and adenoidectomy adds benefit in sub-
groups with adenoid hypertrophy. But they are not inter-
ventions to be applied indiscriminately to all children with
recurrent AOM, since many outgrow the stage of recur-
rences with age and these procedures carry risks.

Complementary therapies and other interventions: Al-
though of lesser weight in the literature, alternative ap-
proaches have been studied. A review by Son et al.,
investigated the Chinese herbal medicines at AOM: it in-
cluded 6 small trials in China with heterogeneous results.
Some herbal combinations given together with antibiotics
appeared to relieve fever and pain more quickly than an-
tibiotics alone, but the quality of the studies was low and
no regimen was tested outside Asia. Therefore, there is
insufficient evidence to recommend any specific phyto-
therapy in AOM.

For topical analgesics, some guidelines mention the use of
anaesthetic ear drops (e.g., lidocaine) to relieve pain, but no
specific systematic review was identified in our search. How-
ever, the general recommendation is to use systemic analge-
sics (ibuprofen, acetaminophen) as a base. Although
paracetamol and ibuprofen could relieve pain in the short
term in children with AOM, the evidence is limited and of low
quality. If the eardrum is intact, lidocaine drops could be used
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for moderate pain; if otorrhea (perforated eardrum) is pres-
ent, drops with ototoxic anaesthetics should be avoided™®.
An important aspect is the education and expectations of
parents. The review by Meherali et al.”” evaluated 21 collected
studies on the information needs of parents before the AOM.
It found that many parents are unaware of the selflimiting
nature of many AOM episodes, leading them to push for an-
tibiotics. It also showed that they feel uncertainty about how
to manage pain or recognize complications. Simple educa-
tional interventions (explanatory leaflets, clear instructions
during consultation) improve satisfaction and can reduce
immediate demand for antibiotics. Therefore, the guidelines
emphasize explaining the management plan (either observa-
tion or antibiotic) to caregivers and ensuring adequate follow-
up. Another qualitative study found that parents who
understand the option of watchful waiting are more willing
to accept it, especially if they are provided with a “delayed
prescription” to fill only if the child does not improve. All of
this points to addressing parents’ perceptions as key to suc-
cessfully implementing evidence-based recommendations.
Finally, literature on AOM in special situations was identi-
fied. A review by Fichera et al.*® on AOM complicated by

facial paralysis in children showed that it is a very rare con-
dition (<0.5% of AOM), generally related to subclinical mas-
toiditis. Most cases in the literature were managed with
intravenous antibiotics and myringotomy, with complete
recovery of facial function in more than 90% of the cases,
without the need for mastoid surgery. This supports the fact
that, in the face of the unusual complication of facial pa-
ralysis due to AOM, management can be conservative but
energetic (adequate systemic antibiotic and drainage of the
middle ear) with a good prognosis — valuable information
for clinical guidelines on this topic.

Publication bias and heterogeneity: When plotting the
main results of the included reviews (Figure 2), some asym-
metry was observed. There seem to be more studies with
‘positive’ results than ‘negative’ results than would be ex-
pected in a symmetrical graph, suggesting that there may be
publication bias (e.g., reviews with no findings may not have
been published). Egger’s test was statistically significant (p =
0.00013), reinforcing this suspicion. This implies that conclu-
sions should be taken with caution, as the published literature
could overrepresent beneficial effects. However, given the
diverse nature of the data (different outcomes in different
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populations), this analysis is only exploratory. In terms of het-
erogeneity, the differences between studies were notable —
something to be expected given that we combined everything
from guidelines to meta-analyses with different focuses. We
did not seek to quantify global statistical heterogeneity be-
yond the aforementioned I2 = 59%, but qualitative heteroge-
neity was identified in: populations (age, thresholds to define
recurrent AOM), interventions (variable doses and dura-
tions) and measured outcomes. This sometimes made it dif-
ficult to directly compare results between reviews. To mitigate
this effect, in our synthesis we focus on consistent trends sup-
ported by multiple sources.

Evidence Gap Map (Figure 3): This map visually summa-
rized the evidence landscape. It was noted that the “antibiot-
ics versus placebo in AOM” domain is widely studied (multiple
large “bubbles” in outcomes of healing, pain, etc., with green
colour indicating good quality evidence). The same goes for
“pneumococcal vaccines versus AOM incidence” (multiple
RCT, large green bubble). On the other hand, for “systemic
corticosteroids versus pain/recurrence” there was only one
study (very small yellow bubble). “Parent education versus
clinical outcomes” also showed gaps (only qualitative studies,
no RCT5 evaluating impact on recurrences or adherence).
“Xylitol versus prevention” had moderate evidence (a couple
of trials, medium yellow bubble). In bacterial resistance out-
comes, few reviews directly addressed emerging resistance
after interventions, except in the case of vaccines. All of the
above indicates that, while we have strong evidence on the
pillars of management (antibiotics, vaccines, and ventilation
tubes where necessary), there are opportunities for research

in complementary strategies (e.g., validating whether struc-
tured parent education reduces inappropriate antibiotic use
or improves quality of life; evaluating non-anti-inflammatory
drugs in AOM; developing vaccines against non-pneumococ-
cal pathogens such as H. influenzae nontypeable, etc.).

DISCUSSIONS

This umbrella review provides a comprehensive view of
the management of acute otitis media (AOM) in children,
integrating findings from 33 synthesis studies (systematic
reviews) and clinical guidelines. The results confirm and
update several key trends. First, it is reaffirmed that the vast
majority of AOM episodes are satisfactorily resolved with
conservative management that includes adequate analgesia
and close monitoring, reserving antibiotics only for neces-
sary cases. This is supported by robust evidence: meta-anal-
yses with thousands of patients show that, while antibiotics
modestly accelerate improvement, the difference is clini-
cally significant primarily in infants and in bilateral or com-
plicated otitis®.

This knowledge has underpinned the paradigm shift in
the last two decades: from treating practically all AOM with
immediate antibiotics, to a more selective strategy where
initial observation is considered in low-risk cases. Our find-
ings show that guidelines around the world have adopted
this approach. For example, North American, European
and Asian guidelines agree in recommending active surveil-
lance without an initial antibiotic in older children with
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mild AOM. However, a major challenge remains in imple-
mentation: physicians’ adherence to these recommenda-
tions has been limited, as evidenced by real-world practice
studies such as those by Vernacchio et al.® and Deniz et al.*.
The reasons are multifactorial: clinical inertia, concern
about complications (although these are rare, such as mas-
toiditis, whose post-guideline incidence did not increase)
and perceived pressure from parents. Addressing these bar-
riers requires educational interventions aimed at both pro-
fessionals and caregivers.

An outstanding finding is the clear convergence of inter-
national guidelines on the central points of management:
accurate diagnosis (ideally with pneumatic otoscopy and
strict AOM criteria to avoid confusing it with serous otitis),
targeted treatment (high-dose amoxicillin as the gold stan-
dard) and consideration of severity/age for the therapeutic
decision. The review by Tamir et al.® remarked that, despite
minor differences, practically all the guidelines of different
countries emphasize the initial observation and judicious use
of antibiotics as common pillars. This is encouraging, as it
indicates an evidence-based global consensus. However, they
also noticed variations: for example, some European guide-
lines recommend topical analgesia with lidocaine, while oth-
ers do not; The definition of “severity” may vary; and only
certain guidelines (e.g., the British NICE) formally advise
against the use of macrolide antibiotics in view of resistance™®.
These differences reflect local adaptations and areas where
the evidence may be weak or interpreted differently. An inter-
national harmonization of guidelines could be beneficial,
although always considering local contexts (local resistance
patterns, monitoring systems, etc.)®%.

In terms of prevention, our results underscore the enor-
mous positive impact of pneumococcal vaccination. The bur-
den of AOM has decreased in the postPCV era', and our
data reinforce that vaccinated children have less otitis and
require fewer antibiotics. This is a clear message for public
health policies: maintaining high PCV vaccination coverage
is essential, not only to prevent invasive diseases but also to
reduce AOM and its consequences. Likewise, the inclusion of
the annual influenza vaccine could be explored as a strategy
to reduce the incidence of AOM, given that many AOM fol-
low viral respiratory tract infections; some studies suggest that
the influenza vaccine modestly reduces the incidence of
AOM during flu season. On the other hand, the review re-
vealed that general measures, such as avoiding pacifier use in
infants older than 6 months and encouraging exclusive
breastfeeding until at least 6 months, could help prevent re-
current AOM. It would be convenient for the guidelines to
emphasize these preventive aspects more (several already do
so, such as the AAP 2013 that recommends not using a paci-
fier from the second semester of life to prevent AOM!32741,

Avaluable contribution of this review is the identification
of evidence gaps. For example, we found that the use of
systemic corticosteroids in AOM, under the hypothesis of
reducing inflammation and pain, has been very little stud-
ied. We found only one 2018 Cochrane review, Ranakusuma

etal.®?, which found no clear benefits. Given that corticoste-
roids are useful in other pediatric infections (croup, phar-
yngitis), it would be interesting to investigate their role in
AOM further, perhaps in cases with significant edema of the
tubal mucosa or very intense pain. However, for now its use
is not supported by evidence.

Another gap identified is parent education: while qualita-
tively we know this is crucial, there is a lack of clinical trials
that measure whether educational interventions (e.g., ex-
planatory videos in the waiting room, 24-hour telephone sup-
port lines) reduce unnecessary consultations or improve
compliance with watchful observation. Given the key role of
parental expectations in antibiotic prescribing, investing in
medical social science studies could have a high return®.

In relation to adherence to guidelines, the review by Deniz
et al.*, although focused on antibiotic therapy and post-
guideline analgesia, showed that the publication of AOM
guidelines had a “modest at best” effect in reducing the use
of antibiotics and increasing the use of adequate analgesics.
This indicates that publishing guides alone does not substan-
tially change practice. Dissemination and implementation
strategies (workshops, electronic reminders, clinical audits)
are required to achieve effective change. This situation mir-
rors what has been observed in other fields of medicine, but
clear pre-versus post-guideline measurements are available at
AOM that show little variation. Therefore, our recommenda-
tions should not only focus on what to do based on the evi-
dence, but on how to get it done. For example, incorporating
modules on evidence-based AOM management into continu-
ing medical education, and providing clinicians with tools
(e.g., fact sheets to give to parents explaining and justifying
observation), among other measures.

Another emerging aspect is antimicrobial resistance. Al-
though pneumococcal vaccination has mitigated resistance
in S. pneumoniae, we still face resistant bacteria (e.g., certain
strains of non-typable H. influenzae, not aftected by PCV). The
review by Mather et al.*® showed relevant rates of resistance:
15% penicillin-resistant pneumococci in post-PCV samples,
and 3040% betalactamase-producing H. influenzae in some
studies. This justifies continuing with the prudent prescrip-
tion of antibiotics. The guidelines emphasize the use of high
doses of amoxicillin precisely to overcome the relative resis-
tance of pneumococci with decreased sensitivity, and the ad-
dition of clavulanate to cover beta-lactamase-producing H.
influenzae. The fact that the proportion of AOM visits receiv-
ing antibiotics remains around 75-80% in the US suggests
that there is room for improvement in reducing antibiotic
use without impairing outcomes, which would have benefits
in terms of bacterial resistance®.

Finally, it is worth mentioning the quality of the evidence.
Many of the conclusions expressed here are supported by
randomized clinical trials and meta-analyses of good quality
(level of evidence I). However, we note areas with lower-level
evidence (IV or V) that nevertheless appear in the guidelines
by expert consensus — for example, the recommendation to
avoid pacifiers comes from observational studies. Prospective
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studies in these areas would be desirable to strengthen the
evidence base. Equally, some current practices could be re-
evaluated: for example, is 10 days of antibiotics really neces-
sary in children <2 years? Perhaps a study in the PCV era
could validate 5-day courses even in infants with good evolu-
tion, which would further reduce the antibiotic load. Gulani
et al.** did not have the power to analyse subgroups by age.
Non-antibiotic adjuvant treatments might also be worth ex-
ploring: analgesic ear drops with anaesthetics or anti-inflam-
matories could improve comfort without systemic effects, but
robust research is scarce (a 2019 trial in Australia with lido-
caine drops showed less pain at 30 minutes compared to pla-
cebo). Integrating optimal pain management is critical. Our
review found that parents are often dissatisfied if they are only
told to “watch” without a clear plan for symptomatic relief.
Guidelines should emphasize the importance of offering a
schedule of analgesia at home for the first 1-2 days"*.

In terms of strengths, this study compiled a wide range of
high-level sources, providing a global synthesis that could
hardly be obtained from a single focused systematic review. In
addition, the use of tools such as evidence gap mapping and
publication bias analysis adds a meta-level perspective on the
available evidence. Being written in Spanish, it can be particu-
larly useful for disseminating evidence in Spanish-speaking
countries where access to so many scattered sources is some-
times limited.

However, there are also limitations. This umbrella review
depended on the quality and biases of the original reviews.
Although we evaluated their quality with AMSTAR-2, if any
contained biases, they are carried over to our work. For ex-
ample, several non-systematic narrative reviews (e.g., Siddiq
et al.'?) were included because they provided interpretations
of guidelines, but did not meet strict methodological rigor.
We try to mitigate this effect by prioritizing the findings of
formal systematic reviews in the discussion. Another limita-
tion is the possible lack of completeness: despite extensive
searching, there may be revisions or guides not captured
(e.g.,local guides in other languages). However, we consider
that the most influential ones were included (e.g., the AAP
guide, some European ones, etc.). In addition, the heteroge-
neity of topics made it difficult to delve into all of them in
equal detail; the clinical relevance of each section was priori-
tized. Finally, the identified publication bias suggests caution:
there may be unpublished evidence of negative outcomes
(e.g., studies of interventions that did not demonstrate ben-
efit and never saw the light of day). This could oversize the
perception of effectiveness of some measures.

CONCLUSIONS

This umbrella review provides a comprehensive update on
the management of acute otitis media in the pediatric popu-
lation, integrating evidence from multiple systematic reviews
and clinical guidelines from diverse sources. It is confirmed
that the current recommendations — prudent use of antibi-

otics, initial observation in selected cases, targeted treatment
with amoxicillin, shorter courses, universal pneumococcal
vaccination, and judicious use of surgical interventions — are
supported by robust evidence and have contributed to im-
proving the prognosis and reducing complications of AOM.
At the same time, important gaps in knowledge are emerg-
ing: there is an urgent need to investigate adjuvant strategies
to control symptoms (e.g., topical analgesia), address adher-
ence to guidelines (possibly through education and decision
support systems for clinicians and families), and explore in-
terventions in understudied areas (such as non-antibiotic
anti-inflammatory therapies).

It is essential to advance in the effective implementation
of evidence-based clinical guidelines, promoting their ap-
plication through educational strategies aimed at health
professionals, as well as through audits that allow monitor-
ing their compliance in daily practice. This approach will
contribute to reducing the gap between scientific knowl-
edge and its clinical application. It is also key to strengthen
communication with parents during the medical consulta-
tion, clearly explaining the nature of acute otitis media, its
expected clinical course, and therapeutic alternatives, in-
cluding vigilant observation in selected cases. This educa-
tion can encourage more rational use of antibiotics and
improve adherence to treatment.

In the preventive field, it is recommended to maintain and
even expand pneumococcal vaccination coverage, while pro-
moting healthy practices at home, such as breastfeeding, re-
ducing exposure to tobacco smoke and responsible pacifier
use. On the other hand, clinical guidelines should be re-
viewed and updated periodically to incorporate new findings,
especially those related to changes in the epidemiology of the
disease after the introduction of new generations of vaccines.

Finally, the need to direct future research towards areas
where evidence is still insufficient is underlined, through
clinical trials and population-based studies that evaluate
emerging interventions. Together, these actions will con-
solidate a more uniform and effective approach to the
management of AOM, ensuring quality and equitable care
for all children.

Study limitations: This umbrella review was based on the
evidence available in published reviews and clinical guide-
lines, so its conclusions depend on the quality and scope of
these sources. Although a broad search strategy was used,
there is a possibility that some relevant reviews or guidelines
may not have been included. We focused mainly on studies
in English (and local guides in Spanish), which could have
excluded evidence in other languages. It is worth mentioning
that two potentially relevant studies could not be obtained in
full text, preventing their evaluation. We also detected indica-
tions of publication bias in the literature (funnel plot asym-
metry), suggesting that studies with negative results might be
underrepresented. We did not perform a meta-analysis of our
own due to the marked heterogeneity of the available data.
Despite these limitations, we believe that our findings offer a
robust synthesis of current evidence and provide valuable
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guidance for clinical practice in pediatric otolaryngology.

Clinical implications and recommendations: The findings
of this review support several concrete measures to optimize
the management of childhood AOM.

Implementation of evidence-based guidelines: It is critical
to strengthen the dissemination and adoption of current rec-
ommendations (e.g., delayed use of antibiotics in mild cases,
amoxicillin as the first line, initial observation) through con-
tinuing medical education, in-practice reminders, and clini-
cal decision support systems. Improving practitioners’
adherence to guidelines will reduce variability in care and
unnecessary antibiotic use.

Education for parents and caregivers: Develop effective
communication strategies for parents to understand the self-
limiting nature of many AOMs and the importance of appro-
priate symptomatic management. Simple educational
materials (handouts, infographics) and clear conversations
during the consultation can decrease caregiver anxiety and
increase acceptance of watchful watching when indicated.

Prevention and general measures: Maintain high coverage
of pneumococcal vaccination in the pediatric population,
given its effectiveness in reducing the incidence of AOM and
resistant strains. Likewise, promote measures such as exclu-
sive breastfeeding for the first 6 months of life, avoid passive
exposure to tobacco smoke and limit the use of pacifiers in
children over 1 year of age, since these interventions are as-
sociated with a lower risk of recurrent otitis.

Regular updating of guidelines: Clinical practice guide-
lines should be reviewed and updated as new evidence
emerges (e.g., efficacy of expanded conjugate vaccines, new
antibiotics, or therapeutic alternatives). Integrating the find-
ings of this review, such as identified gaps in corticosteroids
or family education, would help future versions of the guide-
lines address these areas of uncertainty.

Future research agenda: It is recommended to direct re-
search efforts towards the gaps detected, through clinical tri-
als and robust studies evaluating: (1) complementary
therapies (e.g., non-antibiotic anti-inflammatory drugs) to
alleviate AOM symptoms; (2) educational or public health
interventions to improve adherence to treatments and guide-
lines; (3) the long-term impact of surgical options on hearing
and language outcomes; and (4) strategies to monitor and
mitigate postvaccination antimicrobial resistance. Generat-
ing evidence in these areas will strengthen the comprehen-
sive management of the WCO in the coming years.
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