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Abstract 
Introduction: Tympanometry is a well-validated and 
rapid tool for assessment of tympanic membrane 
mobility. Despite American Academy of Pediatrics and 
American Academy of Otolaryngology guidelines 
endorsing tympanometry’s value in cases of possible 
acute otitis media and acute hearing loss, most urgent 
care (UC) centers do not offer tympanometry. This 
study used UC data and statistical modeling to predict 
tympanometry use and its financial implications in UC. 
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Methods: This was a retrospective cohort study of 
140,894 de-identified, real-world UC encounters col-
lected via Intellivisit (IV) software between May 2024–
March 2025. A regularized linear regression model was 
developed to predict encounters in which tympanom-
etry use would be indicated. Two board-certified oto-
laryngologists independently validated the model’s pre-
dictions. Then, the model was used to estimate 
tym pano metry use across 10,000 random, real-world 
UC encounters. A financial analysis was conducted to 
estimate the expected revenue associated with tympa-
nometry implementation in UC. 
 
Results: The final model achieved a median F1 score of 
0.80 (95% confidence interval [CI] 0.65–0.95) with a 
sensitivity of 0.55 (95% CI 0.38–0.80), a specificity of 
1.00 (95% CI 0.99–1.00), and near-perfect inter-rater 
agreement between human experts ( =0.9). Among 
10,000 UC encounters, 1,819 (18.2%) were predicted 
to warrant tympanometry. The financial modeling 
analysis predicted an average UC center would break-
even after 214 tympanometry exams and could generate 
$4,862 in monthly recurring revenue. 
 
Conclusion: The regression model was able to reason-
ably identify UC encounters where tympanometry 
would be clinically indicated. The model suggested that 
tympanometry would be useful in over 18% of UC 
cases and, therefore, would quickly be financially viable 
in an average UC setting. Given the frequency with 
which ear and hearing complaints were seen among 
this real-world UC encounter set, tympanometry has 
the potential to meaningfully affect the quality of care 
and resource utilization for many UC patients.  
 
Introduction 

T
ympanometry was first introduced in clinical use in 
the mid-1970s as a novel method to assess movement 
of the tympanic membrane (TM).1 Tympanometry 

involves the use of pressurized air in the external 
auditory canal (EAC) to assess TM mobility.2 The device 
outputs a graphic representation called a tympanogram, 
which may be one of several types, termed type A, B, or 
C.3 A type A tympanogram indicates normal TM 
movement and absence of a middle ear effusion. A type 
B (flat) tympanogram indicates no movement of the 
TM and suggests a middle ear effusion. A type C 
tympanogram indicates retraction of the TM and 
negative pressure in the middle ear. A large volume, 
flat type B tympanogram indicates either a patent ear 
(P/E) tube or TM perforation (Figure 1).3,4  

Historically, tympanometry use was limited to 
otolaryngologists and audiologists; however, advances 
in technology have made tympanometry accessible to 
general practitioners. Modern tympanometers are 
compact, affordable, and require little training to use.5,6 
Clinicians (ie, physicians, physician assistants, and nurse 
practitioners) can perform tympanometry themselves 
or delegate it to medical assistants in most U.S. states.7 
Modern tympanometers are hand-held devices, similar 
in size to an otoscope, which provides results within 
seconds, and non-otolaryngologist clinicians can 
quickly be trained to interpret the results (Figure 2).5,6 
Additionally, when used appropriately, tympanometry 
can be billed separately from evaluation and manage -
ment (E/M) codes with an average reimburse ment of 
$22–25 United States Dollars (USD) per exam.8  

Acute otitis media (AOM) is among the most 
common diagnoses where antibiotics are prescribed in 
ambulatory settings, particularly in children.9 In 
children aged 15-27 months, otalgia accounts for 35.5% 
of urgent care (UC) and 19.5% of emergency 
department (ED) encounters.10 The American Academy 
of Pediatrics (AAP) guidelines state that AOM cannot 
be diagnosed without the presence of a middle ear 
effusion confirmed by assessment of tympanic 
membrane (TM) mobility with either tympanometry 
or pneumatic otoscopy.11 Without adjuncts, the 
sensitivity of otoscopy for middle ear effusion is as low 
as 61% with myringosclerosis frequently being mistaken 
as a middle ear effusion.12 The addition of tympano -
metry to otoscopy increases the sensitivity of middle 
ear effusion detection to greater than 90%–94%. While 
pneumatic otoscopy has similar sensitivity to tympano -
metry and slightly better specificity, its use and 
interpretation require considerable training and experi -
ence.12 Despite the above AAP guideline, clinicians rarely 
assess TM mobility.13 Reliance on otoscopy alone could 
explain the high variability in the odds of children 
being diagnosed with AOM, which has been shown to 
vary by up to 300% between clinicians seeing similarly 
matched patients.14 

Additionally, the American Academy of Otolaryn -
gology (AAO-HNS) guidelines strongly recommend the 
use of tympanometry when uncertainty exists regarding 
the presence of otitis media with effusion (OME) in 
children.4 The justification for this recommendation 
centers around conductive hearing loss associated with 
OME (an average deficit of 28 dB) which, if unresolved 
or untreated (with pressure equalization [PE] tubes) 
within 3 months, can increase the risk of speech, 
language, and developmental delay.15 While no peer 
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reviewed studies to date have been published reporting 
the prevalence of otalgia, OME, or AOM among children 
in UC settings, over 90% of children will have OME at 
some point in the first 2 years of life.16 Additionally, 
AOM is diagnosed in nearly one-fourth of children <2 
years presenting to the ED with fever.9,17 Anecdotally, 
similar trends have been observed by the authors in 
UC settings. This underscores the imperative for 
accurate diagnosis of AOM and OME in UC settings, 
which are often the initial site of care for children 
suffering from otalgia.  

Among adult patients, UC is often the site of initial 
evaluation for both otalgia and acute hearing loss. 
Unlike in children, AOM is not a leading cause of otalgia 
in adults, and more cases are attributable to non-
otologic or referred sources.18 For example, temporo -
mandibular disorder (TMD) is a leading cause of referred 
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Figure 1. Tympanogram Tracings

Type A Type B Type B - Large Type C

A tympanogram graph shows tympanic membrane (TM) compliance on the Y-axis and ear canal pressure on the X-axis. This creates a curve 
showing how easily the TM vibrates in response to varying air pressure in the ear canal.  
Type A tympanogram: Intact TM with normal TM movement. Clinical significance: No middle ear fluid or purulence.  
Type B normal volume (<2mL) tympanogram: Intact TM with no TM movement. Clinical significance: Middle ear fluid or purulence is present.  
Type B large volume (>2 mL) tympanogram: TM perforation or patent ear tube with no TM movement. Clinical significance: No middle ear fluid 
or purulence; TM defect present.   
Type C tympanogram: Retracted TM with movement; abnormal middle ear pressure; Clinical significance: Presence of middle ear fluid highly 
unlikely. 
Images used with permission by MAICO and Jeff Lacour, MD

Figure 2: Portable Tympanometer



otalgia with most patients reporting ear pain and 
fullness.19,20 Frequently, adults with TMD are given an 
incorrect diagnosis of AOM and antibiotic prescript -
ions.19 If tympanometry were implemented in such 
cases, a normal type A tympanogram could exclude 
middle ear effusion, suggesting a greater probability for 
non-otologic etiologies, such as TMD.21 

Acute hearing loss also commonly presents initially 
to UC and ED settings. Sudden sensorineural hearing 
loss (SSNHL) is an underrecognized condition and 
considered an otolaryngologic emergency.22,23 Accurate 
diagnosis of SSNHL is dependent on distinguishing the 
cause from a conductive hearing loss (CHL) (ie, resulting 
from OME). The AAO-HNS guidelines advocate for 
tympanometry to clarify the cause of hearing loss.22 
Prompt diagnosis and treatment of SSNHL is correlated 
with a higher likelihood of return of hearing.23,24 Many 
patients will fail to respond to oral steroids adequately 
and require transtympanic steroid injections (ie, next-
line therapy), which are most effective when admini -
stered within 1 week of symptom onset.25 This high -
lights the urgency of distinguishing between CHL and 
SSNHL, which, if facilitated by tympanometry, can 
ensure timely otolaryngology referral.22 

Artificial intelligence (AI) algorithms have gained 

considerable traction in recent years as tools to support 
evidence-based clinical decisions and to mitigate 
heterogeneity in clinician practice patterns around 
common conditions.26 Given the lack of familiarity that 
many UC clinicians and staff have with tympanometry, 
we aimed to determine if a clinical-support machine 
learning (ML) algorithm could provide guidance for 
appropriate UC cases in which tympanometry would 
be likely to aid in diagnosis and management.  
 
Objectives 
The primary objective was to determine if a prediction 
model could be used to identify UC patients for whom 
tympanometry would be clinically indicated. Secondary 
objectives included application of the prediction model 
to estimate the frequency with which tympanometry 
would be indicated among UC patients and, finally, to 
assess the financial viability of tympanometry if it were 
implemented in a hypothetical UC setting using the 
prediction model.  
 
Methods 
This was a retrospective cohort study of de-identified 
UC patient encounters (Table 1). Initially, a regularized 
linear regression model for tympanometry was 
developed and trained in R-statistical software (R-Pro -
ject, version 4.4, Vienna, Austria) based on pre viously 
described methods,27 using 140,894 training UC patient 
encounters. These occurred from May 2024–March 2025 
where the presenting symptoms were recorded in 
Intellivisit (UCP-Merchant Medicine, Minneapolis, MN). 
Intellivisit (IV) is an algorithmic clinical support 
software tool designed to enhance efficiency and 
guideline-adherent care in UC settings. IV collects de-
identified data, including demographics, vital signs, 
chronic conditions, and current symptoms, via a guided 
interview administered by staff members (eg, medical 
assistants, nurses) when the patient is roomed.  

The initial regression model was developed using a list 
of target diagnoses (Supplemental Material on 
jucm.com). This list was developed by using ICD-10 
codes that are indicated as appropriate for tympano metry 
reimbursement by the Centers for Medicare and Medicaid 
Services (CMS). Once the initial model was developed, 
it was validated by manual review of 100 cases (50 cases 
predicted by the model to either use or not use 
tympanometry) presented in a random order. Manual 
labeling was performed by 2 board-certified otolaryn -
gologists (JL, DA) to confirm the model’s accuracy based 
on both clinical expertise and the AAO-HNS guidelines. 
The 2 reviewers were blinded to their counterpart’s labels. 
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Table 1. Cohort Gender and Age Stratified by 
Tympanometry Indications

Overall  
(n =  

10,000)

% of  
Overall

Tympanometry 
Indicated 

(n = 1,819)

% of 
Tympanometry 

Indicated

Gender 

 Female 6,034 60.3% 1,203 66.1% 

 Male 3,966 39.7% 616 33.9% 

Age Group, Years 

 0–10 1,691 16.9% 404 22.2% 

 10–20 1,529 15.3% 250 13.7% 

 20–30 1,721 17.2% 289 15.9% 

 30–40 1,488 14.9% 295 16.2% 

 40–50 1,147 11.5% 229 12.6% 

 50–60 889 8.9% 143 7.9% 

 60–70 776 7.8% 126 6.9% 

 70–80 524 5.2% 59 3.2% 

 80–90 205 2.1% 23 1.3% 

 90+ 30 0.3% * 0.1% 
*Value suppressed due to patient count fewer than 5 



Cohen’s Kappa was used to assess inter-rater 
agreement. Accuracy was measured using 
sensitivity, specificity, and F1 with reviewer labels 
as the reference “gold standard.” We used a 
bootstrap calculation to estimate the 95% 
confidence intervals (CI) of F1, specificity and 
sensitivity.  

To address the secondary objectives, the 
validated model was then applied to a unique 
random sampling of 10,000 UC encounters 
collected with IV to determine the frequency with 
which tympanometry was predicted to be 
indicated in a representative UC setting.  

Finally, a simple financial analysis was 
performed to determine the economic feasibility 
of tympanometry implementation in a UC setting. 
The cost of a tympanometer was estimated using 
the price for a device likely to be used in UC 
centers (MAICO easyTymp, $4,700 USD). The 
price of which includes training and maintenance 
for the device.28 Tympano metry reimbursement 
was estimated using the low end of average 
reimbursements reported by CMS,8 which was 
$22 USD per exam. Tympanometry can be billed 
in any outpatient setting using the Current 
Procedural Terminology (CPT) code 92567.8 
Annual UC encounter volume was estimated to 
be 14,750 visits based on Urgent Care Association 
benchmarking data.29  
 
Ethics Statement 
Given the use of only de-identified cases without 
protected health information, this study was 
exempt from Institutional Review Board 
evaluation as it did not meet criteria for human 
subjects research. There was no outside funding 
for this study, and authors and labelers were uncom -
pensated for their contributions.  
 
Results 
To address the primary objective, we found that the 
prediction model achieved a median F1 score of 0.80 
(95% CI, 0.65–0.95). The model has a median sensitivity 
of 0.55 (95% CI, 0.38–0.80) and specificity of 1.00 (95% 
CI, 0.99–1.00), indicating probable clinical utility to 
predict encounters which likely benefit from the use of 
tympanometry. The validity of expert labels as the “gold 
standard” was confirmed by the high rate of agreement 
between the otolaryngologist reviewers (�=0.9).  

For the secondary objective, we found that, among 
the random sample of encounters to which the model 

was applied, 1,819/10,000 (18.2%) were predicted as 
having an indication for tympanometry. The most 
common chief complaint and UC diagnosis for 
encounters where tympanometry was predicted were 
ear pain and AOM, respectively (Table 2).  
 
Financial Modeling 
Assuming $22 reimbursement per tympanometry exam 
and a one-time device cost of $4,700, UC centers could 
be expected to reach a “break-even” point after 214 
tympanograms. If 18.2% of all UC patients were 
candidates for tympanometry, this would translate to 
2,657 exams annually per center assuming the national 
average of 14,750 visits per center per year.29 If these 
exams were distributed evenly month-over-month, 221 
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Table 2. Most Common Chief Complaints and Diagnoses 
When Tympanometry Was Indicated 

Chief Complaints Number of 
Visits

% Indicated for 
Tympanometry

Ear pain 709 39.0% 

Cough 388 21.3% 

Sore throat 332 18.3% 

Nasal congestion 103 5.7% 

Fever 101 5.6% 

Earache 85 4.7% 

Headache 76 4.2% 

Sinus problem 74 4.1% 

Ear fullness 67 3.7% 

Flu symptoms 43 2.4% 

Diagnoses Number of 
Visits

% Indicated for 
Tympanometry 

Acute suppurative otitis media without 
spontaneous rupture of eardrum 265 14.6%

Viral upper respiratory tract infection 142 7.8% 

Viral disease 67 3.7% 

Streptococcal pharyngitis 67 3.7% 

Upper respiratory infection 58 3.2% 

Acute otitis externa 58 3.2% 

Influenza 52 2.9% 

Acute pansinusitis 52 2.9% 

Acute maxillary sinusitis 48 2.6% 

Impacted cerumen of bilateral ears 47 2.6% 

A linear regression model was able to reasonably identify urgent care encounters where 
tympanometry would be clinically indicated.



tympanometry exams would be performed monthly. 
Based on these assumptions, an average UC center 
would be expected to be revenue positive from the 
addition of tympanometry within the first month of 
implementation (29.4 days) and generate $4,862 in 
gross revenue monthly in perpetuity exclusively from 
the additional CPT billing related to tympanometry. 

 
Discussion 
The results of this retrospective UC cohort study suggest 
that a regression model trained on a large data set of 
de-identified UC encounters can predict cases where 
tympanometry would have clinical utility with high 
accuracy. The combination of the model’s high accuracy 
and the level of agreement between expert labelers 
suggests that this approach could have clinical utility 
in guiding staff on the appropriate application of 
tympanometry. Therefore, such a prediction tool could 
be valuable in UC, ED, and primary care settings, where 
staff are unlikely to have familiarity with the indications 
for tympanometry.  

The predicted utilization rate of tympanometry was 
18% based on the model’s application to a large sample 
of real-world UC cases. The model predicted tympano -
metry may provide clinically valuable data in nearly 
one-fifth of encounters. Given the poor test character -
istics of standard otoscopy, rule-based application of 
tympanometry has the potential to standardize care 
and improve antibiotic stewardship.6 Additionally, 
visually subtle cases of OME may be identified and 
otolaryngology referrals placed more appropriately and 
expeditiously. Given the frequency with which ear and 
hearing complaints were seen among this real-world 
UC encounter set, it appears that tympanometry has 
the potential to meaningfully affect patient safety and 
resource utilization.  

Additionally, the financial modeling estimate suggests 
that tympanometry would support revenue to reach 
the “break-even” point within 1 month when applied 
in an average hypothetical UC setting. Finally, to our 
knowledge, this is the first study to date describing the 
frequency of common chief complaints and diagnoses 
in a general UC population.  

Limitations 
This study has several limitations worth noting. First, 
the retrospective design and use of de-identified 
encounters prevented correlation with actual otoscopic 
findings, which limits the ability to verify predicted 
tympanometry indications by otoscopy exam results. 
Second, the model’s performance was validated using 
expert review rather than patient outcomes due to the 
study design; this could somewhat overestimate real-
world utility. Third, financial model predictions were 
based on assumptions from published reimbursement 
data, fee-for-service billing, and current device pricing 
rather than prospective implementation. It is possible 
that individual organizations may realize different levels 
of reimbursement based on their specific payer mix and 
contracts. Finally, while the model we developed 
identified cases likely to have a justifiable indication 
for tympanometry, it is possible that it overestimates 
real-world use as clinician discretion and/or patient 
preference to forgo tympanometry may occur for 
myriad reasons. These limitations could be addressed 
in future studies designed to prospectively validate the 
model and assess operational feasibility testing in a 
diverse range of UC environments. 
 
Conclusion 
Tympanometry is a simple, yet underutilized tool in 
UC despite strong evidence and guidelines supporting 
its diagnostic value for common UC complaints. This 
retrospective modeling analysis suggests that an ML 
algorithm could operate in lieu of specialty expertise in 
guiding the appropriate application of tympanometry 
in UC. The financial analysis indicates that, if applied 
in an average UC center, the addition of tympanometry 
could transition to revenue positive within 30 days. 
Future work should prospectively validate this model 
to evaluate effects on patient-oriented outcomes and 
rates of inappropriate otolaryngology referral and 
antibiotic use. n 
 
Manuscript submitted November 11, 2025; accepted April 
8, 2026. 
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