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EDITORIAL

AN UPDATE ON MHEALTH REGULATION IN THE
UNITED STATES
Barbara A. Binzak Blumenfeld, PhD, JD1, William A. Garvin, JD1
1

Counsels for Buchanan Ingersoll & Rooney PC
Journal MTM 2:3:13, 2013
doi:10.7309/jmtm.2.3.1

In a previous issue of the Journal of Mobile
Technology and Medicine, we provided an overview
of the regulation in the United States of mobile
health (‘‘mHealth’’) and mobile medical applications (‘‘mobile medical apps’’).1 On September 25,
2013, the United States Food and Drug Administration (‘‘FDA’’) released a Final Guidance for
Industry and FDA Staff on Mobile Medical Applications (‘‘Final Mobile Medical Apps Guidance’’ or
‘‘Final Guidance’’).2 While the basic framework for
regulating mobile medical apps in the United States
has remained unchanged from our previous article,
the new guidance provides further clarity that
should be carefully considered by those developing
mobile medical apps.
FDA released its previous Draft Guidance regarding mobile medical apps on July 21, 2011.3 This
draft guidance established FDA’s basic thinking for
how it intended to regulate mobile medical apps. In
response to this Draft Guidance, the FDA received,
reviewed, and considered numerous comments from
the public and industry. The resulting Final Guidance is a forty-three page document containing indepth discussion of how the FDA intends to
regulate the still-emerging area of mobile medical
apps. Although similar to the Draft Guidance, the
Final Mobile Medical Apps Guidance provides
additional clarity and extensive examples of both
regulated and non-regulated apps.
In the Final Mobile Medical Apps Guidance, the
Agency clarified its position that there are three
distinct categories of mobile medical apps:
(1) apps that are medical devices subject to FDA
oversight;
(2) apps that do not qualify as medical devices
and therefore are not regulated by FDA
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(3) apps that are medical devices subject to FDA
oversight, but for which the Agency will
refrain from regulating for the current time.
The FDA has the ability to refrain from regulating a
category of medical devices under its ability to
exercise enforcement discretion. FDA acknowledged in the Final Mobile Medical Apps Guidance
that the majority of mobile medical apps on the
market would fall into the last two categories and
would not be subject to FDA regulation at this
time.4
To determine whether the FDA will regulate a
mobile app or manufacturer of a mobile app, the
FDA makes several important points in the Final
Guidance document.
First, the FDA’s regulatory oversight only extends
to those ‘‘mobile apps’’ that are also ‘‘mobile
medical apps.’’ A mobile medical app meets the
statutory definition of a ‘‘device’’ in the Federal
Food, Drug, and Cosmetic Act (‘‘FFDCA’’)5, and is
intended to either be used as an accessory to a
regulated medical device or to transform a mobile
platform into a regulated medical device.
Second, only ‘‘mobile medical app manufacturers’’
are subject to FDA’s oversight. These manufacturers
are entities that initiate specifications, designs, or
labels, or who create software systems or applications from multiple software components for a
regulated medical device. The FDA notes that a
number of parties would not be classified as mobile
medical app manufacturers, including owners and
operators of online app stores, licensed practitioners
who manufacture or alter a mobile medical app
solely for their own professional practice, and
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persons who manufacture a mobile medical app
only for research, teaching, or analytical purposes.
Third, the FDA addresses its risk-based approach
to Agency oversight of mobile medical apps. The
FDA intends to focus its enforcement efforts on
apps that pose the greatest safety risks to patients if
they do not function as designed.
As discussed above, the FDA has established three
levels of regulation of mobile apps as follows:




Apps that do not meet the FFDCA definition
of a medical device and are therefore not
regulated by FDA.6 These are mobile apps,
but not mobile medical apps. For example:
( Apps that provide electronic access to
reference materials (e.g., a medical dictionary);
( Apps that are intended to educate medical
practitioners (e.g., medical flash cards);
( Apps that are intended for patient education (e.g., drug cost comparisons);
( Apps used to automate general office
operations in a health clinic (e.g., determining billing codes); and
( Apps that are generic tools not intended
for medical purposes (e.g., an app that acts
as a magnifying glass).
Apps that are medical devices under the
FFDCA and will be subject to FDA oversight.7
These mobile apps are mobile medical apps.
For example:
( Apps that are an extension of one or more
medical devices by connecting to the device
to control the device or display, store,
analyze, or transmit patient-specific medical device data (e.g., the remote display of a
patient’s data from a bedside monitor);
( Apps that transform a platform into a
regulated medical device by using attachments, displays, or sensors, or including
functionalities similar to regulated medical
devices (e.g., the attachment of a blood
glucose strip reader to a mobile platform
that allows a glucose reading); and
( Apps that become a regulated medical
device by performing patient-specific analysis and providing diagnosis or treatment
recommendations for that particular patient (e.g., an app that calculates a radiation dosage based on the patient’s own
data).
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Apps that may be medical devices under the
FFDCA and otherwise subject to FDA oversight, but for which the Agency will refrain
from regulating at this time.8 These are mobile
apps that may or may not be mobile medical
apps. For those that are mobile medical apps,
FDA will not take enforcement action against
them. For example:
( Apps that provide or supplement clinical
care by coaching or prompting patients to
manage their health (e.g., promoting exercise);
( Apps that provide patients with tools to
organize and track their own health information (e.g., tracking blood pressure
measurements);
( Apps that provide access to information
about a patient’s medical condition or
treatment (e.g., a drug-drug interaction
information tool);
( Apps that are marketed to help patients
communicate with their providers about
possible medical conditions (e.g., apps that
are intended to allow videoconferencing
between a patient and their caregiver);
( Apps that perform simple medical calculations (e.g., calculating body mass index); and
( Apps that enable patients to interact with
patient health records or electronic health
records that are meant to facilitate the
management of patient health information.

The Final Mobile Medical Apps Guidance provides a
level of clarity and detail not often seen in either draft
or final FDA guidance documents. This clarity and
detail, however, extends only to step one of mobile
medical app regulation  whether the FDA will
regulate the particular manufacturer or app in the
first place. Step two  determining what product code
and device category apply to a specific mobile
medical app (which will dictate the FDA’s level of
regulation)  is not addressed in detail. Although the
Agency provides an overview of medical device
requirements9 and current device codes and regulations10 that might be applicable to mobile medical
apps, further information in the form of a decision
tree or step-by-step decision-making support tool
would have been very helpful to this segment of FDAregulated industry, particularly because many mobile
medical app manufacturers may not have been
subject to FDA oversight in the past.
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The Final Mobile Medical App Guidance illustrates
that the FDA is acting in a relatively open-minded
manner and has taken a logical, risk-based approach to the regulation of mobile medical apps.
However, we expect the FDA’s position to evolve
over time, particularly if an app that is currently
subject to enforcement discretion causes patient
harm in the future. Such an event may cause the
FDA to rethink its regulatory approach. Therefore,
industry should not rely on the FDA’s decision to
exercise enforcement discretion, but should stay
informed of developments in this emerging area of
FDA oversight.

3. FDA. Draft Guidance, Mobile Medical Applications
(July 21, 2011).
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Introduction
Mobile devices are uniquely positioned to make a
significant contribution to medical imaging. Portability, computing power, accessibility and built in
internet connectivity are well described advantages
of mobile devices.1 There is a growing body of
research which supports the use of mHealth technologies for imaging, and a number of novel uses
are described in the literature.

Current Evidence
The role of mobile devices in medical imaging has
broaden to encompass a broad range of functions
including diagnostic purposes, facilitating triage of
emergent conditions, improving communication
between health care providers to expedite patient
care, and providing a feasible system for patient
follow-up and self monitoring. The ever increasing
capabilities of mobile technologies have also enabled their purpose to expand beyond simply an
image capturing tool. This has been reflected in a
spectrum of basic sciences, medical and surgical
specialties, and public health that are using the
imaging capabilities of mHealth to improve access
and delivery of patient care.
One of the more novel fields of mHealth emergence
is in its role as a diagnostic instrument in the
laboratory. Traditionally, laboratory tasks such as
microscopy, fluorescent imaging, and enzymelinked immunosorbent assays (ELISA) require
sophisticated and expensive equipment. In this
context, the use of mobile technology has been
explored as a viable adjunct for laboratory imaging
to perform calorimetric analysis of fluid to detect
biomarkers of ovarian cancer,2 microscopy to
detect giardia lamblia,3 and optofluidic assessment
for rapidly performing cell counts of body fluid
samples.4
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In the field of radiology the applications of
mHealth and imaging largely relate to the ability
to transfer and interpret clinical investigations on
mobile devices. Most commonly, the literature
highlights examples of interpretation of CT images
(in specialties such as neurosurgery and trauma) on
a smartphone.5 Novel adaptors have also demonstrated the capacity for smartphones to perform
spectrographic analysis of Doppler ultrasound.6
Dermatology is a perfect candidate specialty for the
application of mHealth as it necessitates an intervention that can encompass diagnostic ability,
monitoring and after care of potentially malignant
and chronic skin lesions that relies on using an
objective measure. Case studies have shown the high
sensitivity and specificity of mobile phone teledermoscopy to assess and monitor potentially malignant skin lesions.7,8 Similarly, the capacity for
observing images taken on a smartphone has been
extended to monitoring wound care in specialties
including plastic surgery,9 assessment of burns and
post-operative wounds.10 In most cases, studies have
shown that with minimal additional training, nonspecialist medical workers (doctors in training,
nurses, allied health workers) can be trained to
perform simple tasks of image capture.11 This would
be of considerable benefit in rural and remote areas
where there are distributional challenges and
shortages of specialist cadres.
In the field of ophthalmology the application of
mHealth has similarly increased the potential to
facilitate timely diagnosis and expedite management
for sight-threatening conditions. Globally, refractive
error remains the leading cause of all vision
impairment. To address this, the NETRA, an
optical device that is adapted onto a smartphone
has been developed to allow individuals to perform
subjective auto-refraction. The validation study of
this device has been published previously in our
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Journal.12 Smartphones have also been explored as
adjuncts to clinical examination for ophthalmic
pathology. Commercially available slit-lamp adaptors have been demonstrated to be able to capture
adequate quality imaging of the anterior chamber
of the eye.13 Furthermore, given that smartphone
cameras have an ever increasing image resolution it
is conceivable that in the near future smartphones
may provide fundus images to facilitate early
referral of patients in low-resource settings.
Whilst the aforementioned specialties account for
the largest body of current evidence for mHealth
and medical imaging, the versatility of smartphones
has expanded to almost all disciplines of health
care. In cardiology, a number of applications have
been developed to monitor clinically important
parameters including heart rate variability and
arrhythmias.14 In neurosurgery, apps that enable
clinicians to accurately position ventricular catheters from CT scans have been developed.15
Despite the growing body of literature regarding
mHealth, recent meta-analyses have shown that
there are currently few studies based on high
methodological quality.16 Limitations included the
lack of objective clinical outcomes, and the heterogeneity between reported outcomes amongst studies
with similar interventions. Additionally, the majority of studies were conducted in high-income
countries. This limited the extent to which the
results can be contextualized to low-resource settings, where mHealth is positioned to make the
biggest impact.

Technology considerations
The imaging sensor is responsible for converting
light energy (photons) into the electrical signal that
eventually forms an image. Two commonly used
technologies are Charge Coupled Device (CCD)
and Complementary Metal Oxide Semi-Conductor
(CMOS). Compared to traditional cameras, smartphone cameras have a key constraint - physical
space. as such, image sensors are often physically
smaller, and as a result, image quality can be
degraded. It is also important not to focus on the
‘‘Megapixel’’ count of a camera, as this represents
only one aspect to image quality. Other factors and
features such as lens quality, dynamic range, backside illumination and image stabilisers are all
equally important to consider, and can considerably
enhance image quality. Ultimately, it is important to
keep in mind that the quality of the camera required
depends largely on the intended purpose of the
#JOURNAL OF MOBILE TECHNOLOGY IN MEDICINE

image, and for many purposes the latest generation
of smartphone cameras produce images which are
of far higher quality than required.
The key advantage that smartphone cameras have
over regular cameras is the computational power
available from powerful processors to manipulate
the captured image. For example, rapid diagnostic
tests (RDT) which detect a variety of diseases such
as HIV, malaria and tuberculosis have been developed which use a smartphone camera, specially
designed RDT strips and a special adapter. After
capturing the image of the test strip, the software on
the smartphone then takes this image, converts it to
grayscale, and automatically enhances the picture.
It is then able to perform an algorithmic calculation
on the image in order to produce a diagnosis. The
whole process is done locally on the device, and does
not require any connectivity.17 In the low resource
setting, this can be especially helpful, where lab tests
can be performed cheaply, with minimal hardware
costs, on a device that is highly portable. Another
example highlighting the advantages of smartphone
cameras is the development of software image
stabilisers, which use the accelerometers and gyroscopes already included in smartphones to correct
image blur resulting from long exposure times.18

Conclusion
The use of mobile devices for medical imaging is
rapidly growing, with many traditional imaging
techniques being challenged. With increasing image
quality, and software designed to take advantage of
the computational power of smartphones, combined with rapidly declining costs, mHealth imaging
has the potential to change the future of medical
image capture.
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USE OF THE WELTEL MOBILE HEALTH INTERVENTION
AT A TUBERCULOSIS CLINIC IN BRITISH COLUMBIA: A
PILOT STUDY
Mia L. van der Kop, MSc1,2, Jasmina Memetovic, MSc3, Kirsten Smillie, MA4, Jesse Coleman, MA5,
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Background: Successful treatment of latent tuberculosis infection (LTBI) is critical to reduce the
impact of tuberculosis (TB). The purpose of this study was to determine the feasibility of adopting
the WelTel text-messaging intervention, proven to be effective in improving HIV treatment
adherence, for use in LTBI care.
Aims: (1) Determine prevalence of mobile phone ownership, text-message use, and patient attitudes
towards receiving text messages from the clinic. (2) Determine the technological feasibility of the
WelTel intervention, and (3) patient and healthcare provider acceptability of the service.
Methods: We conducted a cross-sectional descriptive survey of patients attending a provincial TB
clinic and a pilot study in which patients initiating treatment for LTBI received the intervention for
12 weeks.
Results: Clinic survey: Of 82 participants who completed the survey between September and
December 2011, 68 owned a mobile phone and 58 used text messaging weekly. Participants were
receptive to receiving text-message communication from the clinic (n 80). Pilot intervention study:
Of 16 patients who received the intervention, 14 completed the study. Using software to deliver the
intervention was feasible. The greatest participant-perceived benefit was that it enabled them to
report side-effects quickly (n 6); the greatest participant-perceived barrier was cost (n 3).
Conclusion: The majority of patients in this study population had the means to communicate with
their healthcare providers via text-messaging and were receptive to doing so. The intervention was
well-received by participants and the healthcare provider. A randomized controlled trial is underway
to determine the intervention’s effectiveness to increase LTBI treatment adherence.
Journal MTM 2:3:714, 2013
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INTRODUCTION
Successful treatment of latent tuberculosis infection
(LTBI) is critical to reduce the impact of TB;
however, in North America, fewer than half of
individuals starting LTBI treatment complete therapy.1,2 Existing TB treatment adherence interventions have not yet proven consistently successful,3
and while innovative interventions using text-messaging have been developed to improve adherence (e.g.
SIMPill† , X out TB, etc),4 rigorous evaluations of
their effectiveness are pending. Evidence has shown,
however, that weekly text messages can improve
treatment adherence and health outcomes in individuals with HIV.5 One of these evidence-based
interventions is WelTel, a service involving weekly
text-message ‘‘check-ins’’ with patients, with clinician follow-up for patients who indicate they have a
problem.6 For example, every Monday morning,
patients are sent a text message asking how they are
doing. They are instructed to respond within 48
hours either that they are well or that they have an
issue they would like to discuss. A clinician calls
those who respond with an issue or who do not
respond; those who indicate they are well are simply
sent a message again the following week. The aim of
this pilot study was to determine the feasibility of
adopting the WelTel intervention, originally developed and tested in Kenya, for use in the context of
LTBI care in British Columbia, Canada. We conducted a cross-sectional survey among TB clinic
patients to: i) estimate the prevalence of cell phone
ownership and use of text-messaging; and ii) assess
patient attitudes towards receiving text messages
from the clinic (Figure 1). As the formative phase of
a randomized controlled trial (RCT), we then
implemented the intervention in a group of LTBI
patients to determine the technological feasibility of
Objectives:
• estimate the prevalence of cell
phone ownership and use of textmessaging among Vancouver TB
Control Clinic patients;
• assess patient attitudes towards
receiving text messages from the
clinic.

the intervention, and patient and healthcare provider acceptability of the service.

METHODS
Clinic survey
Between September and December 2011, a descriptive cross-sectional survey was undertaken at the
Vancouver provincial TB clinic. We did not formally
calculate sample size; however, we targeted obtaining 100 completed surveys. Patients were eligible to
participate if they were 18 years of age; initiating
treatment for LTBI or active TB; and willing to
provide informed consent. The clinic nurse or
pharmacist invited patients to participate in the
survey when they picked up their medication at the
pharmacy; recruitment was conducted on a continuous basis. The self-administered questionnaire
focussed on demographics, mobile phone ownership
and use, and had Likert-type questions on attitudes
towards receiving text messages from the clinic.
Participants were not reimbursed for participation.
Data were entered and analysed using descriptive
statistics (number and percentage) in SPSS version
14.0 (SPSS Inc., Chicago, USA). Data cleaning
procedures included range and consistency checks.

Pilot intervention study
A prospective pilot study was conducted at the
same clinic between April and October 2011. An
enrolment target was set at between 20 and
50 participants. The clinical research coordinator
continuously recruited patients who were: initiating
LTBI treatment (either isoniazid [INH] for nine
months or rifampicin [RIF] for four months); 18
years of age; had access to a mobile phone; and able
to communicate via text messaging in English or

Descriptive crosssectional survey

Pilot intervention
study

Baseline
questionnaire

Follow-up
12 wk
intervention questionnaire
period

Objectives:
• determine the feasibility of
delivering the mHealth service via
software;
• determine patient and healthcare
provider acceptability of the service
Semi-structured
interviews

Figure 1: Conceptual overview of the study
#JOURNAL OF MOBILE TECHNOLOGY IN MEDICINE

VOL. 2 | ISSUE 3 | NOVEMBER 2013 8

ORIGINAL ARTICLE
had somebody who could read and respond to the
text messages on their behalf. Figure 2 provides
information on the flow of participants through this
aspect of the study. After providing informed
consent, participants completed a clinician-administered baseline questionnaire on demographic
factors, cell phone use, and communication with
healthcare providers. In addition to standard LTBI
care, all participants received the WelTel intervention for 12 weeks. Participants were informed that
the WelTel service does not replace existing clinical
care or emergency services. An automated system
was used to send text messages from a laptop
computer at the clinic. The computer and programs
were password protected and all study databases
were encrypted to protect participant confidentiality. The weekly text message sent to participants

At study end, a trained qualitative researcher
conducted semi-structured interviews with the clinical research coordinator participating in the program and five participants who were selected
through convenience sampling. Participants’ perspectives about their experiences with the intervention were explored, and recommendations to
improve the intervention were solicited. Interviews
were conducted in English, 3060 minutes in length,
and recorded and transcribed verbatim. A qualitative researcher analysed the data using an interpretive descriptive approach, and identified
concepts and themes related to participants’ experiences with the WelTel intervention.

Individuals who
presented to the
Vancouver TB Control
Clinic and who were
initiating LTBI
treatment were
introduced to the study
by the clinic staff

A clinical research
coordinator provided
more information on
the study
Excluded: <19 years of
age; did not have a
mobile phone or access
to one; unable to send
and receive text
messages or did not
have someone to text on
their behalf

The coordinator
assessed eligibility using
an inclusion criteria
checklist t=0 weeks

Excluded: did not
provide informed
consent

Informed consent
procedures
t=0 weeks

Patient receives
“How are you?”
text message

Complete baseline
questionnaire, initiate
therapy and enrol in the
WelTel program.
t=0 weeks (n=16)

Monthly clinic visits,
prescriptions and blood-work
as
per standard care + weekly text
messages (n=16)

“OK.”
t=12
weeks

Withdrew from study
(n=2)
Final follow-up study visit;
completion of follow-up
questionnaire
(n=14)
Semi-structured qualitative
interviews
(n=5)

Figure 2: Participant flow through the pilot intervention
study
#JOURNAL OF MOBILE TECHNOLOGY IN MEDICINE

stated ‘‘How are you doing?’’ (Figure 3) Participants were asked to reply within 48 hours indicating
whether they were either ‘‘OK’’ or ‘‘Not OK.’’ Nonresponse and indications of a problem were followed-up by the clinician with a phone call. At the
end of the 12-week period, participants completed a
follow-up questionnaire administered by the research coordinator. Pilot study participants were
provided with $20 CAD for participation; they were
not reimbursed for costs associated with responding
to the weekly messages. Questionnaire and textmessage data were entered and analysed in SPSS
version 14 (SPSS Inc., Chicago, USA). A chi-square
test was used to determine whether the proportion
of non-response changed over time (weeks 14 v.
58 v. 912).

“Not OK”

No response
(after 48 hrs)

Clinician calls patient
and triages:
• provides counselling or
advice
• provides support
• refers to clinic or
hospital

Patient
doing OK

Figure 3: The WelTel Intervention
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Ethics statement
Ethical approval for the survey (H11-02096) and
pilot study (H11-02889) was obtained from the
University of British Columbia’s Behavioural Research Ethics Board and Clinical Research Ethics
Board respectively.

RESULTS
Clinic survey
Between September and December 2011, 82 patients
completed the questionnaire. Data on the response
rate was not collected. Most participants were
female (n 50), had LTBI (n 67), and were born
outside of Canada (n 73) (Table 1). The median
age was 41 years (range 1984). Over 80% of
participants owned a mobile phone (n 68). Use
of text-messaging was prevalent among participants:
72% of all participants had used text-messaging
(n 59), and approximately 70% of participants
sent and received at least one text message a week.
Over half (61%) of participants had never communicated with a health care provider using their
mobile phone. The majority of participants stated
English as their preferred language to text (n 68).
On a Likert-type scale of one to five (with 1 not at
all and 5 very much so), the median response to a
question on how comfortable people would be receiving general TB information via text was 3.5. Participants were receptive to receiving information specific
to their TB treatment, with a median response of 4
(total n 109). About half of participants (49%)
would prefer not to include the words ‘‘TB’’ or
‘‘tuberculosis’’ in text messages sent from the clinic
to their phones (n 40). Responses varied in how
frequently participants would like to receive treatment-related messages from the clinic: 18% indicated
daily (n 15); 22% weekly (n 18); 23% twice a
month (n 19); and 34% once a month (n 28). Less
than 3% of participants thought that text messages
relating to treatment were unnecessary (n 2).
Pilot study
Study population
Between April and July 2011, 16 patients initiating
either INH (n 14) or RIF (n 2) were recruited.
The median age of participants was 47 (range 21
82); 56% of participants (n 9) were female. Most
participants were born outside of Canada (n 13)
and most comfortable communicating in English
(n 13), rather than another language. Only one
participant did not own a cell phone (the partici#JOURNAL OF MOBILE TECHNOLOGY IN MEDICINE

Characteristic

n (%)

Sex
Male
32 (39)
Female
50 (61)
Diagnosis
LTBI
67 (82)
Active TB
15 (18)
Born outside of Canada
73 (89)
Own a mobile phone
68 (83)
Had used a mobile phone to text message
59 (72)
Text-messages sent per week
None
24 (29)
110
30 (37)
10
28 (34)
Text-messages received per week
None
23 (28)
110
30 (37)
10
29 (35)
Comfort level receiving general TB information via text
1 (not at all)
21 (26)
2
1 (1)
3 (somewhat)
19 (23)
4
15 (18)
5 (very much so)
23 (28)
Don’t know
3 (4)
Comfort level receiving information on their TB
treatment via text
1 (not at all)
21 (26)
2
1 (1)
3 (somewhat)
13 (16)
4
14 (17)
5 (very much so)
32 (39)
Don’t know
1 (1)
68 (85)
Prefer to use English for text messaging$
$

missing data for two participants

Table 1: Cross-sectional survey participants: demographic and clinical characteristics, cell phone ownership
and prevalence of text-messaging

pant received the service on his son’s phone; his son
had agreed to text on the participant’s behalf). At
baseline, 75% of participants had previously engaged in text-messaging (n 12). Of the 16 participants, 14 completed follow-up; one participant
withdrew at week 8 (moved out of country) and
another withdrew at week 9 for unknown reasons.

Text messages sent and received
Over the 12-week study period, 180 messages were
sent to participants (Table 2). In error, five messages
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Text message
Text messages sent by the clinic
Response type
OK
Problem
Non-response
Reasons for indicating a problem:
Medication side-effects
Other
Reason for non-response:
Text message not received
Forgot
Came to clinic
Out of town
Contact made but no reason given
Unreachable
Missing data
$

n (%)$
180
137 (76)
8 (4)
35 (19)
7 (88)
1 (13)
13 (37)
3 (9)
2 (6)
1 (3)
2 (6)
7 (20)
7 (20)

percentages may not sum to 100 because of rounding

Table 2: Pilot study among LTBI patients: Text messages
sent and received during the 12-week intervention
period

that should have been sent were not. Of responses,
76% indicated the participant was ‘‘OK’’ (n 137),
and 19% were instances of non-response (n 35).
The primary reason for non-response was technological: either the participant did not receive the
text message, or the participant indicated they had
sent a text message and the SMS gateway did not
record it (n 13). Other reasons for participant
non-response are listed in Table 2. Non-response
increased from 9% (6/64) in the first 4-weeks of
participation to 22% (14/64) and 29% (15/52) in
subsequent four-week periods respectively (p 
0.010). Apart from one patient who had been taken
off their medication and wished to resume, all
indications of a ‘problem’ (n 8 from 4 participants) were due to medication side-effects.

Follow-up
Of 14 participants who finished the 12-week program, 13 completed follow-up questionnaires. One
of the participants who had withdrawn completed a
final questionnaire. Half of the participants had
some difficulty receiving the text messages (n 7/14)
and 36% had difficulty sending them (n 5/14).
Barriers to using the service cited by participants
included expensive network charges (n 3), being in
an area with no network coverage (n 2), technological difficulties (n 2), dependency on others to
#JOURNAL OF MOBILE TECHNOLOGY IN MEDICINE

send and receive messages (n 1), and not being
very good at texting (n 1). Of those who cited
barriers, half stated that the barrier would not
prevent them from communicating with the clinic
via cell phone in the future. Overall, participants
were positive about the service: 10 found the service
helpful or very helpful; 4 had neutral feelings; and
none felt that the service was a nuisance. Most
participants felt that the frequency of the messaging
was ‘just right’ (n 12), with one participant
indicating that messages were too frequent, and
another that they were not frequent enough. The
greatest participant-perceived benefits were that it
enabled them to report side effects quickly (n 6),
reminded them to take their medication (n 4), and
imparted a feeling that their healthcare providers
cared about them (n 2). The majority of participants indicated they would like the program to
continue (n 11) and 86% would recommend it to a
friend (n 12).
Technological feasibility
Text messages were sent from a laptop with a data
stick, using FrontlineSMS (Version 1) software.
FrontlineSMS was chosen because it was free and
quick to implement. After initiating the pilot study,
limitations of FrontlineSMS were identified e.g.
patients had not received messages despite the
system indicating that they had been sent. At the
end of the sixth week, we switched to a custom-built
text-message gateway and database system, which
was used for the remainder of the study. The
custom-built software system sent the text messages
at the same time every week, sorted responses to
identify when patients were having problems and
required follow-up, and automatically identified
non-responses. After implementing the custom-built
software, there were no further technical issues with
sending or receiving messages.
Semi-structured interviews with participants and the
clinical research coordinator
Clinician’s experience. The clinical research coordinator was generally positive about the WelTel
intervention, stating that the weekly check-ins
allowed for faster detection of adverse events, and
that increased communication made patients feel
better supported by their healthcare team. Additional patient benefits cited included regular opportunities to ask questions, having a ‘‘listening ear’’,
and receiving support related to stigma associated
with TB. The clinical research coordinator thought
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that text messaging may be of particular benefit to
patients who have issues with treatment (adherence
or side-effects) or are prone to liver toxicity.
Although there were some technical difficulties
and an increased workload (additional paperwork
and clinic time) initially, the increased interactions
with patients made it worthwhile. The coordinator
also felt that the WelTel service would not pose
a significant administrative burden if the computer
platform sending the messages was functioning
properly, and was in favour of further research
to determine the clinical effectiveness of the intervention.
Patients’ experiences. Participants stated that receiving the text messages made them feel supported
by their healthcare provider, as though someone
‘‘cared’’, and that it was reassuring to be able to
report side effects immediately. Convenience was
another identified benefit: participants did not need
to make an appointment if they had an issue, and
could text at a time that suited them. Although
participants felt there were many benefits to the
intervention, they did not feel that text messaging
could entirely replace face-to-face contact or phone
calls. Barriers to using the service included not
knowing how to text and having little interest in
learning, with a consequent reliance on others to
respond for them. One family member who received
the messages for her father noted that they were
a good reminder for her to ‘‘check-in’’ with her
father on how he was coping with medications. A
participant who was out of cell phone range for a
week noted cell phone reception as a barrier to
responding.
Participants’ suggestions. A few (n 3) participants
thought that the weekly text messages should
include appointment reminders. One participant
noted that a next-of-kin who was involved with
maintaining clinic appointments should also receive
the weekly message, and another suggested that
email may be more suitable for those who don’t
know how to text. Most participants felt that the
service should be publicly funded.

DISCUSSION
This study found that the majority of TB clinic
patients in our study population owned a mobile
phone, used text-messaging regularly, and were
receptive to receiving text message communication
from the clinic. Patients in the pilot study found the
intervention helpful, in particular as a general
reminder to take their medication and to report
#JOURNAL OF MOBILE TECHNOLOGY IN MEDICINE

side effects promptly. In both questionnaires and
semi-structured interviews participants noted ‘‘feeling like somebody cares’’. The WelTel intervention
may positively affect some of the factors associated
with treatment completion rates, including availability of expertise, the healthcare provider-patient
relationship, and quality of healthcare delivery.7
Although most participants would have liked the
program to continue, it was not without its barriers,
including high costs associated with network
charges and for some, being dependent on somebody to text on their behalf (if they did not own
their own mobile phone or could not text). The
clinician valued the program for the additional
support that it provided to patients and the
opportunity it gave them to report side-effects,
which could then be followed-up in a timely
manner. From the clinician’s perspective, the largest
barrier to the WelTel service was the technological
difficulties related to the platform.
This was the first study involving the WelTel
intervention that used a prototype technological
platform to deliver and receive patient-provider text
messages. In the original WelTel Kenya1 trial, the
bulk-messaging feature on the clinician’s mobile
phone was used and all messages were manually
recorded.6 The objective of using a technological
platform to deliver the service was to decrease
clinician workload. For the first few weeks of the
pilot study, the platform was fraught with difficulties: not all patients were receiving the texts, and the
platform was not recording all incoming text
messages. In these instances, the clinician manually
followed up by telephone, increasing workload
associated with managing the service. Once the
technological system was working properly, the
clinician no longer felt that the WelTel-related
workload was burdensome.
Historically, the focus of knowledge and innovation
transfer has been uni-directional, from North to
South; increasingly however, the diffusion of innovation in healthcare is bi-directional. One of the
strengths of this study is that it was the first step
in determining whether the WelTel intervention,
originally found effective at improving adherence to
HIV treatment in Kenya,6 is a feasible and acceptable strategy for use in a North American setting
among LTBI patients. Methodologically, one of the
study’s strengths is that responses to questions in
the initial survey and pilot study questionnaires
were highly complete. Limitations of both aspects of
this investigation include potential selection bias.
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Clinicians incorporated research activities, including recruitment, into routine care. Consequently,
information on response rates to the survey was not
collected due to time constraints, and data were not
collected on those who declined participation. As a
result, we are unable to assess the extent to which
non-response may have affected the results.
While the pilot study fulfilled its objectives of
providing an initial examination of patient and
healthcare provider acceptability of the intervention, to stay within funding parameters, it was of
shorter duration than a full course of LTBI
treatment. As a result, we were unable to determine the intervention’s sustainability over the
entire LTBI treatment period. Another limitation
of the study, its small sample size, was compounded as the initial targeted number of participants was not met due to slower than expected
recruitment, likely related to a competing trial at
the study site. The intervention’s longer-term
sustainability and effectiveness to improve LTBI
treatment completion rates are currently being
investigated in a follow-up RCT (ClinicalTrials.gov
identifier: NCT01549457).
Consistent with a recent North American study
reported by Person et al, the majority of TB clinic
attendees had the means to communicate with their
healthcare providers via text-messaging.8 Our study
also confirmed the finding that patients are more
receptive to receiving medication ‘reminders’ than
general medical education via text-message.8 Nonresponse to the outgoing text messages approximated that of the original WelTelKenya1 trial,9 and
similarly, a low proportion of patients responded
with a problem. Other mHealth interventions to
improve adherence to TB treatment are also being
explored. These include the SIMpill, a medication
container that delivers a text to a central server
when opened, and the Adhere.IO system, an
incentive-based system in which patients text a
code that is revealed when they urinate on a filter
paper and TB drug metabolites are detected.10
Unlike these other interventions, WelTel does not
require distributing additional devices to patients to
report adherence, and it involves regular and when
required, personalized communication with the
clinic on a broad range of issues. Potential advantages of the WelTel service include its simplicity, its
use of technology already in the hands of most
patients (a standard mobile phone), and that the
provision of a regular ‘check-in’ may be perceived
as more supportive by patients than interventions
#JOURNAL OF MOBILE TECHNOLOGY IN MEDICINE

specifically
adherence.

designed

to

‘monitor’

treatment

CONCLUSION
Patients in our study population had the means to
communicate with their healthcare providers
through text-messaging and were receptive to doing
so. After overcoming initial difficulties with the
software platform, implementing the WelTel service
in a group of participants was technologically
feasible and well-received by both the healthcare
provider and patients. An RCT, currently underway,
will determine if in addition to being feasible and
acceptable, the intervention is effective in improving
treatment adherence among LTBI patients.
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EVALUATION OF AN APP: STAB-ITTM
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Background: Research addressing how physicians utilize apps is growing, however, there is little data
to show apps improve patient outcomes.
Aims: Develop an iPhone/iPad app to educate physicians on management of Staphylococcus aureus
bacteremia. Secondary goals include assessing app utilization and patient outcomes pre/post
implementation.
Methods: A web-based app STAB-ITTM (S. aureus bacteremia is terrible) was developed and
provides: hospital specific epidemiology, microbiology, diagnosis, management, antibiotics, patient
education and quiz. Learning outcome was measured by a pre/post quiz. App use was prospectively
monitored using Google analytics and outcomes were retrospectively collected. Patients were eligible
if admitted between September 2010 to May 2011 n 222 (i.e. pre-STAB-ITTM) and September 2011
to May 2012 n 191 (i.e. post STAB-ITTM) with S. aureus bacteremia. Data included age, blood
cultures, vancomycin levels, negative blood cultures prior to discharge, infectious diseases
consultation, time to consultation, length of stay, mortality, and hospital re-admissions.
Results: Physician knowledge of managing patients with S. aureus bacteremia significantly improved
after learning how to navigate STAB-ITTM (50.2% vs. 86.6% p 0.0001). Mean utilization was 50
visitors / month, 217 (61.5%) new visitors and 136 (38.5%) returning visitors. No significant
differences were seen in clinical outcomes measured in the post group.
Conclusion: Learning how to navigate a web-based app STAB-ITTM improved physicians knowledge
of managing patients with S. aureus bacteremia. Larger studies over a longer time period are needed
to further define the relationship between app use and patient outcomes for this common clinical
condition.
Journal MTM 2:3:1520, 2013

doi:10.7309/jmtm.2.3.4

Introduction
Technology is changing the practice of medicine. In
the ‘‘The Creative Destruction of Medicine: How
the Digital Revolution Will Create Better Health
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Care’’, Eric Topol, author and physician, describes
how smartphones have radically changed our lives;
yet many digital medical innovations (i.e.) mobile
applications (apps) lie unused, because much of the
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medical community’s resistance to change.1 Apps
allow healthcare providers to access information at
the point-of-care to enhance decision making.
Recent reviews of infectious diseases apps have
identified limitations to each app.2,3 Research
addressing how physician’s utilize apps in medicine
is rapidly growing, however, there is a paucity of
data to show that physicians use of apps improve
patient outcomes. The Ohio State University Wexner Medical Center (OSUWMC) is a 1,234 bed
academic teaching hospital; our purpose is to
develop an app for the iPhone/ iPad to educate
our health care providers on the optimal management of Staphylococcus aureus bacteremia. This
focus was chosen for our first app based on
preliminary work assessing our outcomes of patients with Staph aureus bacteremia. Secondary
goals include assessing app use and patient outcomes pre and post implementation of this app.

Methods
The OSUWMC Antimicrobial Stewardship Program
(ASP) expanded in 2005 to include a multidisciplinary team of infectious diseases (ID) physicians, ID pharmacists, microbiologists, infection
preventionists, epidemiologist and data manager.

The ASP pharmacists use iPads to provide point-of
care education to healthcare providers and patients.
The OSUWMC information technology (IT) department provides technical and developmental support
for iPhones, and iPads. This study was approved by
the Office of Responsible Research Practices Institutional Review Board.
A web-based educational app called STAB-ITTM (S.
aureus bacteremia is terrible) was developed to
optimize the management of S. aureus bacteremia
at OSUWMC after a pilot study identified opportunities for improving care.4 STAB-ITTM provides
five point-of-care evidence based information categories regarding OSUWMC specific epidemiology,
microbiology, diagnosis, management, antimicrobial options in addition to two other categories,
patient education and case studies with an online
quiz to provide immediate feedback. (Figure 1).
Test questions developed by senior attending infectious disease physicians and reviewed by second
year internal medicine residents, were designed to
assess the optimal management of a patient with
S. aureus bacteremia at OSUWMC. Examples of
select OSUWMC data in STAB ITTM not found in
other online resources (Up To Date† ), apps, or
textbooks, included:

Figure 1: Screen shots from STAB-ITTM
#JOURNAL OF MOBILE TECHNOLOGY IN MEDICINE
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Mean
Median
Standard deviation

preTest

postTest

2.5
3
1.3

4.3
5
1.0
TM

Table 1: Results of Pre and Post STAB-IT physician test scores

1. Epidemiology: prevalence of S. aureus at
OSUWMC and our percent methicillin resistant S. aureus (MRSA), OSUWMC hand
hygiene compliance program
2. Microbiology: distribution of vancomycin
minimum inhibitory concentration (MIC),
antibiogram data, description and link to
OSUWMC publication5 on rapid polymerase
chain reaction (PCR) Xpert† MRSA/SA
blood culture test, summary of vancomycin
intermediate S. aureus and daptomycin resistant S. aureus isolates at OSUWMC
3. Diagnosis and Management: OSUWMC evidence based definitions of uncomplicated
versus complicated S. aureus bacteremia,
criteria for repeat blood cultures and cardiac
imaging with a link to Infectious Disease
Society of America (IDSA) clinical practice
guideline for the Treatment of MethicillinResistant S. aureus Infections in Adults and
Children6
4. Antibiotics: formulary guidelines with restrictions and prior ASP authorizations needed.
5. The patient education section includes medical illustrations providing visual diagrams
on antimicrobial mechanism of action,
endocarditis, drive-line infections, out-patient
antimicrobial therapy, and proper hand
hygiene.
STAB-ITTM was implemented May 31, 2011 and
could be accessed on the hospital’s secure wired and
wireless networks by an array of web enabled
devices and desktop computers. During June-July
2011 the authors provided STAB-ITTM education to
infectious diseases (ID) attending physicians and
fellows and 76 clinical pharmacists who round with
physician teams. After the implementation of STAB
ITTM, ASP pharmacists continued to refer physicians managing patients with S. aureus bacteremia
to STAB-ITTM if an ID consult was not obtained.
The authors provided a continuing medical education (CME) approved lecture to educate and
#JOURNAL OF MOBILE TECHNOLOGY IN MEDICINE

demonstrate how to navigate STAB ITTM to internal
medicine house-staff during the introductory lecture
series required for all new physicians in August
2011, after a baseline pre-test assessment of knowledge on S. aureus bacteremia. Residents navigated
the STAB-ITTM app while information was presented from the five categories within the app with
emphasis on the information unique to patient care
at OSUWMC. Learning outcome was tested by the
pre and then post STAB-ITTM test. The internal
medicine house-staff filled out evaluation forms to
provide feedback to the authors.
To assess the effect of the availability of the STABITTM app to improve the management of patients
with S. aureus bacteremia, STAB-ITTM use was
prospectively monitored and patient management
and outcome was retrospectively collected. The
utilization of STAB-ITTM was tracked using Google
web analytics. Data collected included the number
of visits to the STAB-ITTM web site, pages viewed
per visit, and average visit duration. To assess the
outcomes, patients eligible for assessment included
all hospitalized adult patients admitted from
September 1, 2010 to May 31, 2011 (i.e. preSTAB-ITTM) and Sept 1, 2011 to May 31, 2012
(i.e. post STAB-ITTM) with S. aureus bacteremia.
Patients were identified through records from the
microbiology laboratory and Information Warehouse (IW), a comprehensive data bank specific to
OSUWMC. Data collected included age, positive
S. aureus blood cultures, first vancomycin trough
level, negative blood cultures obtained prior to
hospital discharge, ID consultation, time to ID
consultation, length of stay (LOS), mortality, and
hospital re-admissions within 30 and 90 days.
Statistical analysis for categorical variables was
described using Fischer’s exact test; normally distributed continuous variables were determined using
Student t-test and non-normally distributed continuous variables were determined by Wilcoxon
rank-sum.
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Results

Discussion

Utilization of STAB-IT and physician feedback:
Google analytics identified 353 visits to STAB-ITTM
from November 2011-May 2012. There were 217
(61.5%) new visitors and 136 (38.5%) returning
visitors. The mean utilization was 50 visitors /
month. Three different pages of the app were
viewed/per visit as the mean of viewed pages. The
mean visit duration was three minutes and eleven
seconds. Internal Medicine house-staff evaluations
of STAB-ITTM following the demonstration/lecture
showed 95% had favorable responses; 5% preferred
STAB-ITTM to be an app retrievable from the Apple
App store, so it would work without the need to be
on the OSUWMC secure network.
TM

Learning Outcomes
Thirty-seven internal medicine house-staff attended
the CME STAB-ITTM interactive lecture and took
the pre and post STAB-ITTM case study quizzes.
After demonstrating how to navigate STAB-ITTM
there was a significant improvement from pre to
post test scores (50.2% vs. 86.6% p 0.0001) see
Table 1.

Patient Outcomes
S. aureus bacteremia was identified in 222 patients
(MSSA 97, MRSA 124, both 1) in the preSTAB-ITTM group and 191 (MSSA 78, MRSA 
113) patients in the post STAB-ITTM group. The
median age was 58 years in both the pre and post
group. Patients in both the pre and post groups had
initial empiric antibiotics selected by a physician.
The ASP pharmacist adjusted antibiotics when
necessary after reviewing the rapid Xpert†
MRSA/SA blood culture test result. No statistically
significant differences were seen in patient outcomes; pre/post LOS (14 days vs. 14 days, p 
0.40), mortality (13% vs. 13%, p 1.0), hospital
re-admissions within 30 or 90 days (8% vs. 8%, p 
1.0 and 18% vs 17%, p 0.70), median days to ID
consultation (3 days vs. 3 days, p 0.08) and
median first vancomycin level (15.9mg/L vs
14.8mg/L, p 0.36). The only positive trends observed in the post STAB-ITTM group were documented negative blood cultures prior to hospital
discharge (90% vs 93% p 0.31) and ID consultations (64% vs. 67%, p 0.54), although neither were
statistically significant.
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New technologies and use of medical apps by both
healthcare providers and patients continue to grow.
However, there is a paucity of data showing
evidence of use and effect of apps on patient
outcomes. To our knowledge, this is the first study
to document an in-hospital evidenced based app
initiative which is then tied to a measure of impact
on patient outcomes for management of a common
disease state, i.e. S. aureus bacteremia. Our data
shows that after demonstrating how to navigate
STAB-ITTM the internal medicine physicians overall
knowledge of managing patients with S. aureus
bacteremia significantly improved based on CME
pre and post testing results. STAB ITTM was viewed
more than once a day each month to help manage
an average of 23 patients per month with S. aureus
bacteremia. Returning visitors represented almost
40% of STAB-ITTM users suggesting users found the
app informative. We did not show a statistically
significant improvement in the measured patient
outcomes; however, the number of documented
negative blood cultures prior to hospital discharge
and ID consultations requested increased.
Franko et al.7 studied the prevalence of app use
among providers at the Accreditation Council for
Graduate Medical Education (ACGME) accredited
training programs. Over half of the respondents
reported using apps. The most requested app types
were reference materials (55%), treatment algorithms (46%), and general knowledge (43%). The
results demonstrated a trend toward increasing app
use that was inversely correlated with level of
training. Health care providers at academic medical
centers may be more likely to be younger practitioners and ‘‘early adopters’’ of new technology.
The millennial learner is more reliant on technology
and embraces new learning tools to gain knowledge8.
Despite the increasing popularity of medical apps
there are concerns about the lack of actual evidence
that app use improves health outcomes.9 One study
done in 1,017 US hospitals examined the impact of
UpToDate†, a widely used web-based computerized
clinical management system, on LOS, mortality and
quality performance.10 They found a small, but
statistically significant association between use of
UpToDate† and reduced LOS (5.6 days vs 5.7 days;
P B 0.001), risk-adjusted mortality rate (0.1% to
0.6%; P B 0.05, and better quality performance
metrics, suggesting that a computerized tool could
improve care. In contrast to their review that
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examined six common medical and surgical conditions, our study focuses on a single condition. Our
lack of significant differences in clinical outcomes
is undoubtedly related to the relatively short
(9 months) time period and small numbers (37) of
physicians in the pre/post groups.
A recent study from the University of Pittsburgh
Medical Center measured the diagnostic accuracy
for melanoma detection from four consumer dermatology apps.11 Three of the 4 apps incorrectly
classified 30% or more of melanomas. However, if
these apps improved melanoma self-detection they
could potentially decrease mortality through earlier
detection and could be a welcome addition. The
authors stress physicians must be aware of apps
without regulatory oversight and the potential harm
to patients if incorrectly diagnosed. STAB-ITTM is
not a consumer app, however, oversight of the
content for accuracy and current relevant information was the highest priority for the authors/
developers.
Our study has several limitations. This was a single
center study with a small number of physicians
undergoing pre and post testing in our large
academic medical center. The web-based version
of UpToDate† was also available during both
the pre and post STAB-ITTM app periods. If
UpToDate† was not available, it is possible that
providers would have accessed the STAB-ITTM app
more frequently to assist in the management of
S. aureus bacteremia. UpToDate† use is not
tracked by the IT department therefore we could
not determine if this influenced our results. However, the authors stressed during the educational
CME that STAB ITTM app provided OSUWMC
specific data not found in UpToDate† and other
commonly used resources. Secondly, the demonstration and education of the STAB-ITTM app was only
to internal medicine house-staff, who served as their
own controls. Scheduling conflicts did not allow us
to educate the surgical house-staff in August 2011;
however, the three surgical intensive care unit
clinical pharmacists provide STAB-ITTM education
to surgeons one on one continuously. Patient outcomes did not differ if patients managed by the
surgical services (pre 21, post 18) were removed
from the outcome analysis (data not shown).Thirdly,
the number of daily visits to STAB-ITTM may
have been inadequate to show a significant difference in patient outcomes. Since this is the first
disease-based app created at OSUWMC, we do not
have usage data on any other apps to make a
#JOURNAL OF MOBILE TECHNOLOGY IN MEDICINE

comparison. The average visit duration of 3 minutes
and 11 seconds suggests the provider spent a
reasonable amount of time reading the information.
Google analytics was not activated until November
2011, five months after the educational session to
IM house-staff, due to an internal IT issue, so we
are unaware if the visits were higher immediately
after the introduction of the STAB-IT demonstration.
TM

Finally, our internal web-based STAB-ITTM app
provides information for ‘‘best practices’’ that are
specific to OSUWMC and therefore not all of the
information could be applied to other hospitals. In
the STAB-ITTM microbiology section there is discussion on interpretation of results from the Xpert†
MRSA/SA blood culture test. Bauer et al. have
shown this rapid test coupled with ID pharmacist
interventions improves the outcome of patients with
S. aureus bacteremia.5 The Xpert† MRSA/SA
testing is, however, not readily available in all
hospitals; therefore if STAB-ITTM was submitted
to the Apple’s app store, this testing would not be
applicable as a ‘‘routine’’ microbiology test at all
institutions. In addition, financial limitations did
not cover the expense of IT personnel to format and
provide updates to STAB-ITTM for the Apple app
store.
The concept of hospital specific apps was recently
studied in a survey of physicians and medical
students from the United Kingdom.12 The survey
showed 74.8% would favor a disease management
app specific to their hospital. Physicians surveyed
after using STAB ITTM, the first hospital specific
disease management app at OSUWMC, also
showed a high (95%) favorability rating.

Conclusion
Physician knowledge of managing patients with
S. aureus bacteremia significantly improved after
learning how to navigate a web-based app STABITTM. In lieu of finding a statistically significant
impact on patient outcomes, larger studies over a
longer time period are needed to further define the
relationship between app use and patient outcomes
for this common clinical condition.
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Background: Physician use of the iPad as a clinical and educational tool has increased since its
release in 2010. Few studies have assessed resident perception of the iPad as an educational and
daily clinical tool.
Aims: This study evaluates residents’ perceptions of the iPad’s clinical and educational utility, and
examines differences of perceived value between medicine-based and surgical-based residents.
Methods: During the academic year 20112012, all residents (n  119) utilized a 16GB iPad.
Opinions on clinical utility and educational value were assessed by survey at year’s end. Responses
were dichotomized as often /always vs. never/rarely/sometimes for comparison analysis via Chisquare tests.
Results: One-hundred-and-two (86%) residents participated. The iPad received low marks for daily
clinical utility (14.7%) and efficiency in documentation (7.8%). It was most valued for sourcing
articles outside the hospital (57.8%), and as a research tool (52%). Medical and surgical residents’
opinions differed regarding perceived value for educational utility (41.7% vs. 6.7%, p 5 0.001),
viewing results and use as an Evidence-based Medicine resource (38.9% vs. 16.7%, p  0.037),
recommendation to a colleague (58.3% vs. 36.7%, p  0.053), and facilitation of patient care (45.8%
vs. 23.3%, p  0.045).
Conclusion: Residents in this study did not attribute high value to the iPad as a clinical rounding or
educational tool. Additionally significant differences existed between medical and surgical residents’
perceived value of the iPad’s utility. Institutions should consider these differences and address
connectivity and support issues before implementing iPad programs across all disciplines.
Journal MTM 2:3:2126, 2013

doi:10.7309/jmtm.2.3.5

Introduction
The use of hand held computers by medical trainees
isn’t new. A review published in 2006 found that 60
to 70% of medical students and residents were using
hand held computers for educational purposes or
patient care. The most commonly accessed applications included medical reference tools, electronic
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textbooks, and clinical computational programs.1 A
review in 2009 found 90% of residents with personal
digital assistants (PDAs) accessed pharmacological
prescribing programs and medical calculators on a
daily basis.2 Time management was dramatically
improved for house staff who relied on PDAs for
laboratory data retrieval.2
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Since the iPad release in 2010, two independent
market research studies have evaluated digital
trends in medicine. In 2011, the Manhattan Research group reported that 81% of U.S. physicians
own a smart phone, 30% were using an iPad, and
28% planned to purchase an iPad within six
months.3 In 2012, Epocrates Research group found
34% of physicians used a tablet computer and 75%
planned to buy one within a year. Eighty-one
percent with a tablet also owned an iPad.4 However,
iPad users reported that the onscreen keyboard was
hard to use and use of a separate keyboard was selfdefeating. Compatibility issues with the iPad were
also problematic.5
There are emerging trends toward paperless iPad
based curriculums at several medical institutions. A
2011 Yale School of Medicine initiative began as a
way to reduce expenses and save paper, but also
served to provide an enhanced student learning
experience.6 Other universities have followed suit
and report that introduction of iPad programs
contributes to improved working conditions, patient
care, and student education.7
In the current era of compressed duty hours and
increased hand-offs, the iPad has the potential to
improve resident efficiency and improve continuity
of care. Few studies have assessed resident perception of iPad utilization and its’ benefit as both an
educational and daily clinical tool. Patel et.al
reported improvement in both perceived and actual
resident efficiency in an Internal Medicine residency
with implementation of the iPad.8 The authors
noted that iPad use may have improved continuity
of care, finding more orders were placed by the
admitting team prior to rounds and departure of
the post-call team.8 Studies of newly implemented
iPad programs in select subspecialties of radiology
and neurosurgery concluded that the iPad is a
valuable educational tool, but did not assess clinical
utility.912 Several other studies routinely focused on
tablet or smart phone applications available to
particular groups.1317
This study’s aims were to assess resident perception
of the iPad’s clinical and educational utility and to
determine if differences of perceived value existed
between medicine-based (Internal Medicine, Family
Practice, Preliminary Medicine/Transitional year)
and surgical/obstetrics and gynecology (General
Surgery/Ob-Gyn) residents. Additionally, this study
garnered information about the most useful and
popular applications, and comments or ideas for
#JOURNAL OF MOBILE TECHNOLOGY IN MEDICINE

improvement concerning iPad use. We hypothesized
that our residents, overall, would rate the iPad as a
useful tool for both daily clinical work and educational support.

Methods
In our hospital, orders are written on a paper based
chart, otherwise workflow is electronic/computer
based. Recognizing the emerging use of mobile
electronic devices, Riverside Methodist Hospital
initiated a resident-wide iPad program in the
academic year 20112012. A small feasibility study
with nineteen surgical residents was completed prior
to residency-wide implementation of the iPad
program to ensure successful access to the hospital’s
electronic health record via VMware View Client,
accessed via Wi-Fi.
A 16 GB iPadTM 2 with Wi-Fi at a cost of $499 each
was utilized by each resident along with a $100
stipend to purchase auxiliary equipment such as
case covers and keyboards. After a comprehensive
orientation that included directions for accessing
the hospital’s medical records, residents were instructed to use their iPad both in and outside the
hospital as they saw fit throughout the year. White
coats were fitted with an oversize pocket to effectively house the iPad.
Residents’ perceptions of the clinical and educational utility of the iPad were measured via an
electronic survey completed at the end of the
academic year. Questions were structured on a 5point Likert scale (1  never, 2  rarely, 3 
sometimes, 4  often, and 5  always). In order
to address the non-normality of ordinal data as well
as to address different sample sizes in the medicinebased and surgical/obstetrics & gynecology groups
based on our resident complement, the Likert scale
was dichotomized as often/always  1 and never/
rarely/sometimes  0 for comparison analyses
via the Chi-square tests. A p-value of 5 0.05 was
used to indicate statistical significance. Reliability
statistics of the survey revealed strong internal
consistency, Cronbach’s alpha  91.5 (95% CI:
88.8-93.8). All analyses were conducted with IBM
SPSS version 19.0.
Two questions allowed residents to list useful
applications and provide general comments. These
were summarized via descriptive statistics. Onehundred and nineteen residents in all levels of
training (PGY-1 through PGY-5) and across all
residencies (Internal Medicine, Family Practice,
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Preliminary Medicine & Transitional Year, General
Surgery and Ob-Gyn) were invited to participate.
The study was approved by the Institutional Review
Board.

Results
One-hundred-and-two (86%) of 119 residents completed the survey. Across all residency programs, the
iPad received low marks for clinical utility, described as use on rounds (14.7%) and efficiency in
writing progress notes (7.8%). The iPad received its
highest marks for educational value in terms of
sourcing articles and researching topics outside of
the hospital (57.8%). Fifty-two % of residents would
recommend the iPad as a valuable research tool, see
Table 1.

There was a significant difference in residents who
reported often/always between the medicine-based
and surgical/Ob-Gyn groups in terms of: the iPad as a
valuable educational tool (41.7% vs. 6.7%, p 5
0.001), viewing results and as an Evidence-based
Medicine (EBM) resource (38.9% vs. 16.7%, p 
0.037) and belief that the iPad facilitates better
patient care (45.8% vs. 23.3%, p = 0.045). Additionally, medicine-based residents were more likely to
recommend the iPad as a valuable resource to
colleagues (58.3% vs. 36.7%, p  0.053), see Table 1.
All resident groups noted problems with iPad log-in
and connectivity/WiFi (40%). During the academic
year 98 tickets specific for iPad set-up and
connectivity issues were reported to Information
Technology services (out of 182,000 global tickets).

MedicineAll programs
based
(n  102) % (n  72) %
(n)
(n)

Question
1. I use my iPad on rounds
2. I use my iPad between rounds to
review patient information (lab data,
progress notes, x-rays, etc)
3. I use my iPad between rounds to read
articles and research topics
4. I believe the iPad is a valuable
educational tool when utilized on
rounds
5. Using the iPad while working in the
hospital increases my efficiency writing
progress notes
6. Using the iPad while working in the
hospital increases my efficiency looking
up results, reports and information to
practice EBM
7. I use my iPad outside of the hospital to
review patient information
8. I use my iPad outside of the hospital to
read articles and research topics
9. I would recommend the iPad to my
colleagues as a valuable resource tool
10. I believe use of the iPad facilitates
better patient care

Surgical/
Obstetrics &
Gynecology
(n  30) % (n)

chi-square
test statistic p-value

14.7 (15)
21.6 (22)

18.1 (13)
26.4 (19)

6.7 (2)
10.0 (3)

2.19
3.36

0.220
0.111

30.4 (31)

30.6 (22)

30.0 (9)

0.003

1.000

31.4 (32)

41.7 (30)

6.7 (2)

12.05

B0.001

7.8 (8)

9.7 (7)

3.3 (1)

1.20

0.431

32.4 (33)

38.9 (28)

16.7 (5)

4.78

0.037

37.3 (38)

38.9 (28)

33.3 (10)

0.28

0.658

57.8 (59)

55.6 (40)

63.3 (19)

0.53

0.515

52.0 (53)

58.3 (42)

36.7 (11)

3.98

0.053

39.2 (40)

45.8 (33)

23.3 (7)

4.50

0.045

Notes:
Medicine-based: Internal medicine, Family Practice, Preliminary Medicine & Transitional Year; Surgical/Obstetrics & Gynecology: Preliminary Surgery, General
Surgery, OB-GYN; EBM  evidence-based medicine
Ratings on questions based on a 5 point Likert scale: 1  never, 2  rarely, 3  sometimes, 4  often, 5  always.
Data were recoded as never/rarely/sometimes  0 and often/always  1
Comparisons between Medicine-based programs and Surgical/Obstetrics & Gynecology were made using chi-square tests.

Table 1: Overall and by program, resident ratings of the iPad (% reporting often/always)
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Additionally, all resident groups reported problems
with utilization of the iPad for medical documentation/progress notes (12%). Portability (5%) and
software applications (2%) were less problematic,
see Table 2.
The most frequently recommended iPad applications were medical tools such as ePocrates, Micromedex and EBM resources (Medscape and
Uptodate). Other suggested applications included
medication reference software. The single most
frequently cited application was Riverside’s electronic medical record, see Table 3.

Discussion
Our study supports decreased utility of the iPad,
particularly among non-medicine-based residents.
We found that residents across all disciplines did not
perceive the iPad to be clinically useful on daily
work rounds, and had only slightly increased value
as an educational tool.
Categories
WiFi/Connectivity issues
Log-in
Writing progress notes
Cumbersome to carry around
Software

% (n)
28
11.8
12.7
4.9
1.9

(29)
(12)
(13)
(5)
(2)

Table 2: General comments about problems with the
iPad

Response
Mobile ORB application
Medication software
ePocrates
Micromedix
Lexicomp
Evidence-Based Medicine Resources
Medscape
Up to Date
WebMD/First Consult
Tools
Reader/Visual medical apps
Medical calculators
Evernote
ICD-9 coding

% (n)
23.5 (24)
13.7 (14)
4.9 (5)
3.9 (4)
7.8 (8)
3.9 (4)
1.9 (2)
9.8
7.8
5.9
1.9

Table 3: Suggested programs/apps for the iPad
(n  102)
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(10)
(8)
(6)
(2)

In this study, medicine-based residents were more
likely to report that the iPad was a valuable
educational tool when utilized on rounds than did
their surgical/Ob-Gyn counterparts. Though not
addressed by this study, disparity may exist due to
differences in clinical rounding styles as well as the
working life of medical vs. procedural-based residents with different emphasis on data use and
interpretation. For example, at our institution,
medical residents receive weekly conferences in an
evidence-based medicine curriculum, and are expected to employ a consistent evidence-based approach to decision-making during clinical rounds;
thus, they may perceive the iPad to be a more useful
educational tool (sourcing articles, accessing data)
during clinical rounds than do procedural-based
residents.
Our study suggests that resident efficiency may be
less positively impacted by use of the iPad than
previously reported.8 On the iPad, our EHR is
accessed via remote desktop, requiring a two-step
login process. Though log-in and connectivity issues
were noted as a significant problem, technology
support was rarely utilized. Residents often found it
faster to use a computer than reporting difficulties.
Additionally, electronic order entry is not available
at our hospital. Consequently, workflow on the iPad
was disjointed; residents were unable to do everything in one place (view results, place orders and/or
document) which may have negatively affected
efficiency and perception when using the iPad on
daily rounds (see sample comments in Table 4).
Studies evaluating the use of the iPad as an
educational tool have reported mixed results. While
Patel et al. described improved resident efficiency
with iPad use, recent reports note mixed results on
the utility of the iPad in a medical setting and that
iPad use as been less pronounced in clinical workflow than earlier studies indicate.8,18 Additionally,
satisfaction or use of the iPad may decline after its
initial implementation in both educational and
clinical settings.19,20
Limitations to this study exist. This study was a
single institution study; therefore its findings may
be unique. Recall bias may also be a limiting factor
as we did not track or measure actual use of the
iPad and results are solely predicated on opinions.
Low rating of medical apps may be more reflective
of lack of quality and quantity available in the
market at the time of the study. Although a small
pilot was performed, connectivity issues were not
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‘‘I use my iPad every day for patient care. . .having the ability to look up results on rounds is a remarkable increase in
efficiency. This applies for my patient but also in double-checking other patients while they are being presented to
the attending.’’
‘‘I think the iPad is more practical to use on some rotations compared to others such as Pulm (good to pull up
images), Renal (attendings like lab trends) and Cardio (streaming procedure results). I think the utilization of iPads
dropped off throughout the year.’’
‘‘Overall I did not find the iPad that useful for my clinical duties. I used it occasionally on rounds to look at imaging
and test results, but I could also do so in my phone.’’
‘‘The iPad would be even more useful if the network were faster. I will sometimes forgo using it in favor of a
computer because I can find a station, sit down and log on at a computer.’’
‘‘Really, a nice idea, but the utility of the iPad for direct patient care is limited because their performance (speed),
reliability (frequent disconnects), and capabilities (no printing for example) is an order of magnitude worse than the
many PCs.’’
Table 4: Sample individual resident comments

fully addressed prior to implementation of the
program  which may have limited use; higher
usage may have resulted in improved ratings.
Additionally, ‘‘tech savvyness’’ was not rated;
information was not collected on prior use or actual
hours of iPad use by all residents. Finally, this study
was created de novo and reliability testing showed
strong internal consistency between responses.
However, validity testing was not performed. It is
understood the best objective validity test would
have been a measure of actual iPad use. Our survey
had a high response rate and is one of the first to
make comparisons in educational and clinical utility
across several medical disciplines.

Conclusion
Utilization of mobile technology in medical education and residency programs continues to expand.
This study found significant differences between
medical and surgical residents’ perceived value of
the iPad’s utility as both an educational and clinical
rounding tool. Further exploration of these differences may warrant consideration by institutions
planning to implement iPad programs across all
disciplines. Additionally, factors such as hardware/
software cost, vendor support, on-going training,
in-house support, and connectivity should be considered prior to implementation of a mobile computing program. The availability and utilization of
mobile technology continues to grow at a rapid
pace. Further study is required to both monitor and
measure its impact on improving the educational
and clinical goals of medicine.
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We concur with the mHealth operational challenges
in Cambodia identified in Bisit Bullen’s perspective
piece1. We would like to share our experiences with
MOTIF (MObile Technology for Improved Family
Planning); a project to design and evaluate a mobile
phone-based service to support post-abortion family planning (PAFP) clients accessing services at
Marie Stopes International Cambodia’s (MSIC)
clinics.
In developing the MOTIF intervention we conducted formative research that included interviews
and focus groups with MSIC clients, and sought
input from clinicians and technology partners in
Cambodia. We also realised that an SMS intervention was unlikely to be either acceptable or effective
due to limited literacy of clients and Khmer script
incompatibility on phones, and therefore in conjunction with our technology partners InSTEDD,
we developed an intervention comprising both voice
messages and direct phone calls to clients2.
The development of voice messages required additional considerations beyond what is required in
developing an SMS message. We found that tone of
voice, speed of delivery, and length of message were
important factors with regards to acceptability and
comprehension of messages. Thus, significant time
was required just to develop one message.
With the current state of technology, voice messages
must be listened to at the time they are sent
(voicemail is not routinely used). This is a limitation
if compared to SMS, whereby the user can listen
and choose if and when to respond when they have
free time. In order to increase the likelihood of
messages being listened to, on recruitment, clients
are provided with written and oral instructions
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(including a demonstration), and asked for their
preferred time to receive messages.
To address the challenge of SIM switching, hence
not knowing if messages have been received, the
voice message is interactive. Clients are asked to
respond by pressing ‘1’ to receive a phone call from
an MSIC counsellor, or ‘2’ if they are fine. The
Verboice software allows the counsellor to view the
response to the voice message. The counsellor
makes a direct phone call to clients that press ‘1’,
and also those that don’t respond. On recruitment,
clients are also requested to provide a second,
alternative number, this way if the counsellor has
difficulty contacting the first number, an alternative
can be attempted.
To reduce the likelihood of unintended consequences resulting from phone sharing, such as
messages being listened to by third parties, clients
only sign up if they are willing to receive messages
that mention contraception. Furthermore, our voice
message does not mention any personal details of
the client. Finally, the service is provided to clients
for three months. This relatively short duration of
the intervention may increase the likelihood of
maintaining engagement with clients.
We are currently evaluating the effectiveness of
MOTIF on increasing PAFP uptake with a randomised controlled trial3. We look forward to sharing
our findings, and more detailed description of the
intervention, in due course. However, we recognise
that mHealth is a dynamic area; with rapid changes
in both technology and the techno-literacy of
populations; hence, what works or doesn’t work
now may not hold true in a few years time. In
particular, as feature phones and smartphones
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become more commonplace, it may be possible to
pre-load message content as an application onto
clients’ phones when registering for services, or
develop interventions using social media, which
would mitigate the challenge of SIM card switching
and network costs4.
Despite the significant challenges outlined by Bisit
Bullens, there are some characteristics that make
Cambodia attractive for mHealth. Although the
Khmer language does pose challenges, it is the
language spoken by the majority of the population,
rather than a number of local languages, as is often
the case in other contexts. Organisations such as the
Open Institute promote use of technology in the
Khmer language. Although prone to SIM card
switching and phone sharing, Cambodians do appear to be enthusiastic mobile phone users, as can be
witnessed during daily life in urban and rural areas.
With a predominantly rural population, appropriate
mHealth interventions provide an opportunity to
deliver cost-effective health advice to populations
with the least access5. Perhaps the most positive
indicator that Cambodia will not get left behind in
the mHealth revolution is the groundswell of young
tech talent interested in technology, as evidenced by
events such as BarCamp, attended by increasing
numbers of young technology enthusiasts6,7.
We hope that organisations will continue to work
together and share experiences to address the
challenges and unlock the potential of mHealth in
Cambodia.
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