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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.
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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
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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
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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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