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Abstract 

 

Community Pediatric Acceptability Study 

By Katherine Wilcox 

 

Ear infections cause increased health expenditures and antimicrobial prescriptions in 

children. Optimal diagnosis requires visualization of the eardrum. Interpretation of an 

otoscopic examination is limited by an individual's assessment that cannot be seen by 

anyone other than the person holding the otoscope. Physicians often advise parents to 

wait and watch for symptoms to abate before giving antibiotics, known as watchful 

waiting. An attachment employing the technology and light source of a smartphone to 

capture images of the ear canal and eardrum allows for documentation and sharing of 

images.  

We conducted an observational crossover study of patients aged 0.5 to 18 years 

with symptoms suggestive of an otic source, including discomfort, fever, rhinorrhea, 

cough, or otalgia. Six participating physicians were randomized to use the smartphone or 

conventional otoscope for the first study month, and changed to the opposite device for 

the next month, alternating between devices for 4 months. Parents of children examined 

with the smartphone otoscope were shown images taken during the exam. All 

participating parents completed a baseline assessment within one day of the initial 

examination, an interim visit questionnaire for any follow-up visits during that month, 

and a follow up assessment 30 days later. 

Of 337 eligible patients, 75 (22%) were enrolled, 7 (2%) completed interim 

questionnaires, and 62 (18%), completed both baseline and follow up questionnaires. 

Thirty (48%) were prescribed an antibiotic at baseline assessment. Odds of receiving a 

prescription were lower with the smartphone otoscope compared to the conventional 

otoscope (OR = 0.24, P = 0.05). There was no significant difference in the total number 

of parents who waited > 24 hours to fill their child’s antibiotic prescription or in the 

completion rates of antimicrobial course by otoscope device. Thirty-four (94%) of 36 

parents of children examined with the smartphone reported that images of their child’s 

ear helped them to understand management of their child’s ear infection. Results of our 

single center study suggest that a smartphone otoscope is acceptable to parents and 

shared visualization by parents and clinicians of the otic examination may improve the 

ability to optimally manage otitis media. 
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Background 

 

Acute otitis media (AOM), defined as acute inflammation in the middle 

ear, is a leading reason for health encounters and antimicrobial prescriptions in 

young children worldwide (1,2). In the first three years of life, over 90% of 

children will have one or more episodes of AOM (3). Internationally, 709 

million cases of AOM are estimated to occur annually and approximately 2.8 

billion dollars are spent annually in care of children with AOM in the United 

States (4). Additional unmeasured costs and inconvenience arise when 

children miss school and parents miss work to care for children. Diagnosis of 

AOM is often dependent on limited visualization of an uncooperative child’s ear 

canal and tympanic membrane that may be suboptimal for diagnosis (1). 

Consequently, AOM may be inappropriately diagnosed when visualization of 

the tympanic membrane (TM) is not ideal.  

 Importance 

The majority of antimicrobial prescriptions written for children are to 

address AOM, though many of these infections are viral and antibiotics are not 

indicated (3). Over 90% of children diagnosed with AOM in the United States 

receive a prescription for antibiotics, resulting in approximately 15 million 

prescriptions each year (5). In 2013, the Centers for Disease Control (CDC) 

released an Antibiotic Resistance Threat report that estimated that approximately 

half of antibiotic prescriptions in the United States are unnecessary and 

inappropriate (6).  Parental expectation also increases the pressure for providers to 

prescribe antibiotics for children with AOM (7). Fifty percent of parents have a 
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pre-visit expectation for antibiotics, and in 34% of these consultations, physicians 

perceive an expectation for an antibiotic (8).  

Physicians may advise parents of children with mild to moderate AOM to 

employ watchful waiting, where the parent is advised to withhold the antibiotic 

prescription until symptoms worsen. Educating the parent on the subject of 

watchful waiting, as well as the ability to explain the decision to prescribe or not 

prescribe an antibiotic, aided by photos or video of the ear canal, could 

significantly increase the parents’ compliance with the provider’s decision and aid 

in joint decision making (9,10). Improved methods of visualizing the tympanic 

membrane, including the capability to capture still images and video of otoscopy, 

could be beneficial in improving the diagnosis of AOM by facilitating comparison 

of images over time, as well as justifying medical decision making.  

In February of 2013, The American Academy of Pediatrics (AAP) and American 

Academy of Family Physicians (AAFP) released revised clinical practice guidelines for 

the diagnosis and management of uncomplicated AOM in children. These guidelines 

advocate for active and ongoing involvement by both clinician and parent, and 

emphasize visualization of the tympanic membrane in diagnostic and management 

decisions. While ideal from a guideline perspective, the ability to visualize the tympanic 

membrane in an often uncooperative child may further be compromised by the inability 

of more than one individual to view the tympanic membrane (1,11,12). 

In 2015, a prospective clinical trial comparing the use of an attachment that 

converts a smartphone into a digital otoscope (smartphone otoscope) to the use of a 

conventional otoscope found that the use of a smartphone otoscope in the pediatric 
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emergency department changed the final diagnosis a significant number of times, 

including clinically relevant changes to and from AOM. It also enhanced TM 

visualization as reported by participating resident and attending physicians (12). Another 

prospective study in 2015 employing the use of the smartphone otoscope found that the 

smartphone otoscope captured images at least as clearly as those captured using a 

conventional, conventional camera-fitted otoscope, with the added ability to record 

video images. Parents acknowledged that the ability to view their child’s tympanic 

membrane aided in their understanding of their child’s care (13). 

Goals of the current study 

The smartphone otoscope (CellScope Oto, www.CellScope.org) device is a clip-

on attachment that converts a smartphone into a digital otoscope by employing the 

technology and light source of a smartphone to capture reproducible images and video 

of the middle ear and tympanic membrane, with the ability to send images and video to 

an electronic medical record to facilitate the possibility of remote diagnosis. Video 

capture of multiple images improves the diagnostic capability over a single still image as 

it allows a more complete view of the tympanic membrane and optimizes three-

dimensional image capture (12,13). The ability to share tympanic membrane images 

captured with a smartphone otoscope has the potential to impact care by improving both 

reliability and validity of the diagnosis, as well as enabling comparison of images from 

the same child over time, and reassuring a parent who may have expectations that their 

child’s otitis media will be managed with an antibiotic.  

This study has two aims and two hypotheses: 

Specific Aim 1: To assess the impact of smartphone otoscope use on antimicrobial 

http://www.cellscope.org/
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prescribing practices for otitis media among pediatric primary care providers in a 

community practice, we will perform a randomized cross-over observational study in 

which pediatric providers will alternate monthly between standard of care use of a 

smartphone or conventional otoscope. We will compare antimicrobial prescribing, 

prescription filling and antimicrobial course completion among children examined by a 

physician assigned to standard of care use of a smartphone or a conventional otoscope. 

Hypothesis 1: Pre-assigned use of a smartphone otoscope by pediatricians in a primary 

care practice to manage AOM will result in decreased antimicrobial prescribing and 

decreased prescription filling with decreased antimicrobial course completion by 

parents compared with examinations conducted with a conventional otoscope.  

Specific Aim 2: To compare parental acceptability of management of their child’s acute 

otitis media, we will administer a questionnaire within 2 days of their child’s 

assessment, at an interim assessment if it occurs, and 4 weeks following the initial 

assessment.  

Hypothesis 2: Use of a smartphone otoscope by pediatric clinicians in a primary care 

practice to diagnose and manage children with otitis media will result in increased 

acceptability among parents of their child’s management, compared with the 

acceptability of parents whose children are managed by a provider using a conventional 

otoscope. 
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Methods 

 

Study Population 

Children from 6 months up to 18 years of age at the time of assessment who 

were evaluated at one of two offices of a community-based pediatric practice during 

February – May 2015 for an otic complaint, including discomfort, fever with or without 

otalgia, rhinorrhea, cough, or otalgia were eligible for enrollment. Pediatricians 

provided parents of eligible children with study information. A child was eligible to be 

enrolled once in a single 4-week study period, and only one child per family could be 

enrolled. 

Setting 

  Subjects were recruited from two locations of a private community suburban 

pediatric practice in suburban Atlanta, Georgia. Physicians rotate between 2 office 

locations and have over 10,000 documented patient encounters in the last 3 years. 

Device 

The smartphone otoscope attachment used in data collection is composed of a 

plastic case with a slide-on magnifying lens and fiber optic illumination system (Figure 

1). It aligns with the smartphone’s camera and uses the phone’s light source. With the 

attachment, the camera of the smartphone is able to focus on the tympanic membrane. 

Using a software application, the ear canal and tympanic membrane can be seen on the 

screen of the phone in a similar field of view to that seen through the eyepiece of a 

conventional otoscope.  

Data Collection 

We conducted a prospective, observational cross-over study. Following a 
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scheduled training session led by the study coordinator, as well as a pilot month 

(January 2015) of data collection to acclimate physicians to the smartphone otoscope, 

3 of the 6 participating clinicians were assigned using a random number generator to 

use either a smartphone otoscope or conventional otoscope for all otic examinations on 

all children for a one month period. At the end of each 1-month period, the clinicians 

crossed over to the opposite device (either a conventional analogue otoscope or 

smartphone otoscope), and opposite of the one used in the previous 1-month period. 

Physicians were provided with smartphones and otoscope attachments for each period 

that they were assigned to use a smartphone otoscope device. At the conclusion of the 4-

month study period, each clinician had used each device for a 2 month period, alternating 

between devices after each study month (Appendix I).  

When assigned to use the smartphone otoscope, clinicians shared images of the 

child’s ear examination with the patient, if developmentally appropriate, and parent or 

guardian at the time of the encounter. Diagnosis and management plans including 

antimicrobial prescriptions issued were documented in an electronic medical record. 

At the time of study contact 24-48 hours following the clinical encounter of 

interest, the study coordinator described the study and the informed consent elements 

verbally. If the parent/guardian expressed verbal consent, the coordinator administered a 

9-question baseline enrollment questionnaire via telephone. Attempts to contact families 

were limited to 3. 

Study Assessments 

The research component of the Community Pediatric Acceptability Study 

(CPAS) study included the following data collection instruments for parents 
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(Appendix II): 

1. The baseline questionnaire collected demographic information, the child’s 

history of ear infections in the last 12 months, and assessed parental 

acceptability of the smartphone otoscope device (if used during that visit) and 

their understanding of the physician’s treatment plan.  

2. If applicable, subsequent visit questionnaire assessing parental acceptability 

of the smartphone otoscope (if used during that visit) and their agreement with 

the physician’s decisions and treatment plan during that visit. 

3. The follow up questionnaire administered 30 days following date of 

completion of baseline questionnaire consisting of a 7-question, Likert-style 

questionnaire assessing whether or not their child received a prescription for an 

antimicrobial for AOM, if the prescription was filled, and if filled was the 

course completed.   

Verbal responses were recorded and manually transcribed into an electronic 

deidentified database, coded, and then imported into Statistical Analysis Software 

(SAS) version 9.4, Cary, NC. (SAS) for analysis. It was not expected that the use of one 

device would have an effect on the use of the other device; therefore a wash-out period 

was not incorporated. 

The study was approved by the Institutional Review Board at Emory University 

with a waiver for written informed consent. Parents were compensated for their time 

devoted to study procedures following completion of the follow up questionnaire. 
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Statistical Methods 

Data analysis was completed using Statistical Analysis Software (SAS) 

version 9.4, Cary, NC. Parental acceptability was examined by study month and 

device. To account for sparse data for children without a history of otitis media, the 

coded variable for history of ear infection (0, 1, 2, 3, 4, 5+) ear infections reported in the 

last year) was categorized as 0-1, 2, and 3+ ear infections. Due to sparse data in the 

month of May, the variable documenting study visit month was also combined to make 

two categories (February/March and April/May). Prescription rates were defined as the 

number of antimicrobial prescriptions issued by participating physicians per study 

month.  

Chi-square analyses of differences in antimicrobial prescription rates, 

antimicrobial prescription filling rates, antimicrobial prescription completion rates, 

parental acceptance of the smartphone otoscope, and exchangeability of patients in 

the smartphone and conventional otoscope groups, were conducted to measure any 

demographic differences between the smartphone and conventional otoscope groups. 

Logistic regression models were fitted to determine if the patient’s age, history of ear 

infections, or device used, influenced the physician’s decision to prescribe an 

antibiotic, the parent’s decision to administer that antibiotic, and antibiotic course 

completion. 
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Results 

 

Study Population 

Three hundred and thirty seven children were eligible for study enrollment during 

the study period from February 1, 2015 to May 31, 2015: 75 (22%) of parents completed 

the baseline assessment, 7 of those 75 (9%) completed subsequent visit assessments, and 

62 (83%) completed both baseline and follow-up questionnaires. Data collected from 

those who completed both the baseline and follow-up assessments were analyzed.  

Data was collected from 13 (17%) parents who completed the baseline, but not 

the follow up questionnaire. The children of 7 (54%) were examined with the smartphone 

otoscope, and the children of 6 (46%) with the conventional otoscope. Of the 7 examined 

with the smartphone otoscope, 5 parents reported that images seen during the exam 

helped them to understand the management decision, and 2 (29%) parents reported that 

they did not know if seeing the images helped them to understand the management of 

their child’s ear issue.  

 Children whose parents completed both the baseline and follow up assessments 

had a mean age of 2.7 years (standard deviation (SD) = 1.5 years, range 0.5 to 15 years), 

and a median age of 2 years (interquartile range (IQR) = 2). Twenty-six (42%) had been 

examined with the conventional otoscope, and 36 (58%) had been examined with the 

smartphone otoscope. There were no significant differences in age at enrollment between 

those who had been examined with the conventional compared with the smartphone 

otoscope (Z = 827, P = 0.91), or between those given a prescription for antibiotics and 

those who were not (Z = 858.5, P = 0.91). The difference in reported ear infections in the 
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last year between those seen with the smartphone otoscope and the conventional otoscope 

(Z = 810, P = 0.89), and the difference in number of reported antibiotic prescriptions in 

the last year (Z = 811, P = 0.91) between device groups was also not statistically 

significant (Table 1, Figure 2). 

Antibiotic Prescription Rates 

Monthly prescription rates differed for those examined with the smartphone and 

conventional otoscope (Table 2, Figure 3). Thirty (48%) subjects were prescribed an 

antibiotic at the time of ear examination. Overall prescription rate was lower in the 

smartphone otoscope group than in the conventional otoscope group (15 (42%) vs. 15 

(58%), P = 0.09). A child with a history of 2 ear infections in the last year was more 

likely to have been prescribed an antibiotic than a child with 0-1 infections (odds ratio 

OR= 18.2, 95th confidence interval (CI) (2.0, 162.6)), and a child with 3 or more 

infections reported in the last year was also quite likely to be prescribed an antibiotic in 

comparison to those who reported 0-1 infections in the last year (OR = 65, 95th CI (6.5, 

648.1)). There was no significant association between the use of the device alone and a 

reduction in the monthly prescription rate (OR = 0.4, 95th CI (0.14, 1.2)). The age of the 

child did not have an effect on receipt of an antibiotic prescription (OR = 0.92, 95th CI 

(0.7, 1.3)). The odds of being prescribed an antibiotic in the past month were different 

between the smartphone and conventional otoscopes (OR = 0.24, 95th CI (0.06, 0.99)), 

and in the history of ear infections (2 infections vs. 0-1: OR = 18.2, 95th CI (2.0, 162.6), 

3-4 infections vs. 0-1: OR = 65, 95th CI (6.5, 648)). Those who were examined with the 

conventional otoscope were approximately 4 times more likely to receive a prescription 
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for antibiotics than those examined with the smartphone otoscope (OR = 4.1, 95th CI (1.0, 

16.9)).  

Antibiotic Use 

  Thirty (48%) of subjects were prescribed an antibiotic; 15 (50%) were examined 

with the smartphone otoscope group and 15 (50%) with the conventional otoscope. Three 

(20%) of the 15 parents of children examined with the smartphone otoscope and 3 (20%) 

of the 15 parents of children examined with the conventional otoscope were advised to 

watch and wait before administering the antibiotic. Three (100%) parents advised to 

watch and wait in the smartphone otoscope group reported that they were comfortable 

watching and waiting, in comparison to 2 out of 3 (67%) parents of children in the 

conventional otoscope group. Parents of children who were examined with a smartphone 

otoscope were more likely to wait one day or more before filling their child’s prescription 

(4 (29%) vs. 2 (14%), P = 0.65) (Figure 4). Children who were prescribed an antibiotic 

who were examined with a smartphone otoscope were also more likely to complete their 

antibiotic course than those who were examined with the conventional otoscope (12 

(79%) vs. 9 (60%), P = 0.43)(Figure 5). Of the 36 children examined with the smartphone 

otoscope, 15 (42%) were prescribed an antibiotic. Ten (67%) parents reported that they 

waited less than 24 hours before filling their child’s prescription, and 4 (27%) reported 

that they waited more than 24 hours before filling their child’s prescription. No parents 

reported that they chose not to fill their child’s prescription. One parent reported that they 

did not know how long they waited until filling the child’s prescription 
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Parental Acceptability 

  Of the 36 parents whose children were examined with the smartphone otoscope, 

34 (94%) reported that the physician showing them images of the exam helped them to 

understand management decisions. Two (6%) remaining parents reported that they did 

not know if the images helped with understanding management. Twenty-seven (75%) 

parents reported that seeing the images obtained during the otoscopic exam with the 

smartphone otoscope made them feel more comfortable about the antibiotic 

recommendations for their child, and 9 (25%) reported that they did not know if the 

images helped. All parents reported that they would be comfortable using the smartphone 

otoscope themselves at home to examine their child, with training or direction from a 

physician. Eight (22%) parents of children examined with the smartphone otoscope 

reported that their child had a reaction to seeing images of their ear during the exam, 20 

(56%) reported that their child did not have a reaction to the images from the smartphone 

otoscope, and 8 (22%) reported their child was not old enough to respond. 
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Discussion 

 

 The ability to view images taken during the exam may result in increased 

parental acceptability and comfort with the physician’s decision to prescribe. If the parent 

feels that they are making a joint decision with the physician, they could be more likely 

to follow their recommendations. The lower rates of antibiotic prescribing and fewer 

prescriptions filled by parents of children who were examined with a smartphone 

otoscope may be related to their parent’s ability to visualize the appearance of the child’s 

middle ear. The ability to visualize tympanic membrane anatomy during the exam may 

have influenced the length of time parents waited before filling their child’s prescription; 

parents with the ability to see their child’s ear canal were more likely to wait to fill the 

prescription. The ability to better understand the severity of their child’s ear issue may 

also have influenced whether or not the parent ensured the completion of their child’s 

prescription. 

Strengths and Weaknesses 

Our results are subject to several limitations. The small sample size limits the 

generalizability of our results, and reduces power. The enrollment response rate of less 

than 30% of eligible children may have biased results to support a more favorable 

outcome. We do not know how the parents who did not respond (68%) felt about the 

smartphone otoscope device. Additionally, we do not have data about the children of 

those parents pertaining to prescription filling or antibiotic completion. The study period 

was also limited to 4 months of data collection, with physicians using each device for 

only 2 months. Rates of prescription differed between physicians, due in some part to 
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some physicians working more regularly and seeing more patients than others. The data 

for the month of May was sparse, but may have been a true reflection of the number of 

infections seen by the practice that month.  

Future Directions 

The use of the smartphone otoscope resulted in lower rates of antibiotic 

prescription and the device was well accepted by parents of patients. The implications of 

sharing imagery captured during the exam supports a movement towards parental 

understanding and involvement in management decisions of their children with otitis 

media. 
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Figures and Figure Legends 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 1. Pictures of the smartphone otoscope device. In combination with the app, device controls 

focus, illumination, and zoom, as well as image and video transmission. 
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