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Abstract

Background

Mobile phone apps have been shown to enhance guideline adherence by prescribers, but
have not been widely evaluated for their impact on guideline adherence by prescribers car-
ing for inpatients with infections.

Objectives

To determine whether providing the Auckland City Hospital (ACH) antibiotic guidelines in a
mobile phone app increased guideline adherence by prescribers caring for inpatients with
community acquired pneumonia (CAP) or urinary tract infections (UTIs).

Methods

We audited antibiotic prescribing during the first 24 hours after hospital admission in adults
admitted during a baseline and an intervention period to determine whether provision of the
app increased the level of guideline adherence. To control for changes in prescriber adher-
ence arising from other factors, we performed similar audits of adherence to antibiotic guide-
lines in two adjacent hospitals.

Results

The app was downloaded by 145 healthcare workers and accessed a total of 3985 times
during the three month intervention period. There was an increase in adherence to the ACH
antibiotic guidelines by prescribers caring for patients with CAP from 19% (37/199) to 27%
(64/237) in the intervention period (p = 0.04); but no change in guideline adherence at an
adjacent hospital. There was no change in adherence to the antibiotic guidelines by pre-
scribers caring for patients with UTI at ACH or at the two adjacent hospitals.
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Conclusions

Provision of antibiotic guidelines in a mobile phone app can significantly increase guideline
adherence by prescribers. However, providing an app which allows easy access to antibiotic
guidelines is not sufficient to achieve high levels of prescriber adherence.

Introduction

In response to the growing threat of antibiotic resistance, antibiotic stewardship programmes
in primary and secondary care have introduced myriad prescribing and decision support tools
in order to improve rates of appropriate antibiotic prescribing [1]. Whilst high levels of adher-
ence to antibiotic guidelines result in improved patient safety, improved treatment outcomes,
and reduced antibiotic resistance [1, 2], adherence to these guidelines often remains low [3-5].
Multiple factors are thought to contribute to this problem: difficulties with accessing the guide-
lines; prescribers’ lack of confidence in the processes used for guideline development; prescrib-
ers’ perceptions that their own expertise results in better treatment decisions than those
suggested by the guidelines; and institutional healthcare cultures which support idiosyncratic
prescribing behaviour [4, 6].

The deployment of computerized decision support (CDS) on non-mobile platforms has
repeatedly been shown to improve adherence to antibiotic guidelines, reduce mortality rates,
and decrease the prevalence of antibiotic resistance [2]. Despite this evidence, the provision
and uptake of CDS at a health system level remains low [7]. Conversely, mobile health
(mHealth) platforms are now ubiquitous within society. The growth in their provision and use
has far exceeded the pace of their regulation, monitoring and research [8].

The widespread use of smartphones by healthcare workers has led to a proliferation of smart-
phone applications (apps), including many that have made antimicrobial guidelines readily
available throughout the healthcare workplace [9]. Despite a dearth of evidence that access to
these apps impacts on prescribing behaviour or patient outcomes, several studies have shown
their widespread use in clinical practice, presumably because of the ease with which they facili-
tate point-of-care access to the guidelines at the time decisions are being made [10-12].

In light of the success of apps in improving adherence to guidelines for the treatment of
depression and cardiac arrest [13, 14], it is logical to expect that apps can also improve pre-
scriber adherence to antibiotic guidelines. To date, only one study has assessed the impact of
an antibiotic guideline app on prescriber adherence. This study found that provision of an
antimicrobial guideline app, which was co-designed, highly regarded, and widely downloaded
by clinicians [12], was associated with a statistically significant increase in prescriber adher-
ence to the hospital antimicrobial guidelines [15].

Recent studies that documented low rates of adherence to the Auckland City Hospital
(ACH) antibiotic guidelines for the treatment of community acquired pneumonia (CAP)[16],
and urinary tract infection (UTT; personal communication E. Duffy) prompted us to co-
design, develop and implement an app (named SCRIPT) containing the ACH antibiotic guide-
lines. This study evaluated the impact of SCRIPT on prescriber adherence to antibiotic guide-
lines for CAP and UTL

Methods

We designed our study to test the hypothesis that the introduction of the SCRIPT app, which
provides the ACH antibiotic guidelines in a user-friendly, decision-making process format,
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would increase prescriber adherence to these guidelines. We investigated the early impact of
SCRIPT on the initial empiric treatment of adult patients admitted to ACH with either com-
munity-acquired pneumonia (CAP) or urinary tract infection (UTI). The study was approved
by the New Zealand Health and Disabilities Ethics Committee (reference number: 16/STH/6).

The intervention: SCRIPT

The existing ACH antibiotic guidelines were directly mapped into decision trees (e.g. “Does
the patient have a history of allergy to penicillin?” — “Yes” or “No”), that branched out to the
eventual antibiotic treatment recommendations.

The user interface and functionality of the app was designed in collaboration with the
Design for Health and Wellbeing Lab (ACH). Following a rigorous quality assurance process
involving test users and clinicians from our research team, the ACH Antibiotic Stewardship
Committee approved the app’s publication on the iOS and Android app stores. Fig 1 shows an
example of SCRIPT’s layout and decision trees for mild CAP.

When accessing the app, users of SCRIPT consented to collection of anonymous data
regarding their app usage via an in-built feature of the app.

Study description

ACH, Middlemore Hospital (MMH) and North Shore & Waitakere Hospitals (NSH/WTH)
serve a combined population of approximately 1.6 million people resident within the Auckland
metropolis.

< COMMUNITY-ACQUIRED PNEUMONIA < COMMUNITY-ACQUIRED PNEUMONIA < COMMUNITY-ACQUIRED PNEUMONIA

CURB-65 Score Does the patient have a history of allergy to Treatment 5-7 days total
penicillin?
Confusion L
@ Yes > Amoxicillin
BUN >7 mmol/L (19 mg/dL) 500mg — for
@ No 3 times 5-7
Respiratory rate >=30 @ daily Haps

SBP <90mmHg or DBP <= 60mmHg

0 Age >=65

None of the above

Often can be managed in the community.

0-1 >

o O B OB O B O FE O B OO

Fig 1. SCRIPT appearance and layout for a patient with mild CAP.
https://doi.org/10.1371/journal.pone.0211157.g001
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The study retrospectively measured prescriber adherence to the ACH antibiotic guidelines
in adult patients (>18 years) with CAP (ICD-10 codes J10-18, 22) or UTI (ICD-10 codes N10-
12, 30, 39), who had been admitted to ACH for >4 hours during baseline and intervention
periods in 2016. The initial antibiotic prescription(s) in the first 24 hours of admission for
patients admitted during the baseline period (1 January 2016 to 31 May 2016), before SCRIPT
was released, was compared with that for patients admitted during the intervention period (1
June 2016 to 31 August 2016) after SCRIPT had been made available for all ACH prescribers.
Hospital data from the previous three years indicated that a three month period would include
an appropriate number of patients (200) to provide sufficient power to detect our estimate of
SCRIPT’s impact.

To allow for potential confounding by other concurrent factors, we also measured pre-
scriber adherence to the relevant antibiotic guidelines in adult patients admitted for >4 hours
to MMH and NSH/WTH during the same baseline and intervention periods. SCRIPT was
introduced from 1 June 2016, coinciding with both the beginning of a junior doctor rotation,
and the beginning of the intervention period. Since junior doctors may move between these
regional hospitals on 3-monthly rotations, the study periods intentionally coincided with the
beginning of a junior doctor rotation. In the first two weeks of the intervention period, educa-
tional sessions, posters and intranet advertisements were employed to socialize the app and
facilitate its uptake by clinicians at ACH.

Antibiotic stewardship activities at MMH and NSH/WTH, which uphold the same princi-
ples as those at ACH, continued during the study period, but no major interventions to
improve the management of CAP or UTI were undertaken. To prevent app usage by clinicians
in MMH and NSH/WTH, SCRIPT was restricted to ACH clinicians through unique activation
passcodes linked to active ACH e-mail accounts. In all of the hospitals, antibiotic guidelines
remained accessible through their respective pocket guides, posters, and intranet sites. Elec-
tronic prescribing and other decision support tools were not introduced during the study
period.

Study participants

We calculated that samples of 200 cases of CAP and 200 cases of UTI admitted to ACH during
the baseline and intervention periods would be required to achieve 90% power to detect an
absolute 15% improvement in prescriber adherence to antibiotic guidelines at ACH (o = 0.05).
We therefore measured guideline adherence in over 200 randomly selected cases of CAP and
UTIL during the baseline and intervention periods, at ACH, MMH and NSH/WTH. We then
compared changes in levels of guideline adherence at ACH with those at MMH and NSH/
WTH to determine whether any changes in prescriber adherence at ACH could confidently be
ascribed to the introduction of the SCRIPT app.

Patients were excluded if, on review of their records, they were not diagnosed with CAP or
UTI during the first 24 hours of their admission; or if their diagnosis was miscoded (e.g.
“empyema” coded as CAP, “renal colic” coded as UTI); or if they were transferred to the hospi-
tal from another secondary care facility where antibiotic treatment had already been initiated.

Data collection

Manual data collection and system level data extraction were used to collect study data. A case
report form (CRF) was developed using REDCap (Nashville, Tennessee) data capture tools
hosted at the University of Auckland; two research pharmacists completed a CRF for each ran-
domly selected episode. For patients admitted to ACH, antibiotic details (name, dose, route,
frequency during the first 24 hours of admission) were collected using the CRF. For patients
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admitted to the other hospitals, antibiotic data was collected by system level data extraction
from the relevant eMedicines systems (ePrescribing and/or Pyxis medicine cabinets). The
same system level data extraction methods were used for demographic and admission data
(e.g. age, ethnicity, gender, length of stay, 28-day all-cause mortality). Manual data collection
was necessary for clinical data (e.g. the diagnostic impression, chest X-ray reports, CURB-65
variables, urinalysis results, presence of fever and flank pain).

Data quality was ensured by independent re-collection and review of 10% of the data. Any
interpretative uncertainties of clinical data were resolved by review and discussion by at least
two study clinicians. For example, a chest X-ray report stating “there is increased air space
opacity in the right lower lobe” was interpreted as “consolidation” (pneumonia).

Analysis and definitions of adherence and appropriate treatment

The clinician’s diagnosis and other relevant information documented in each case’s notes, dur-
ing the first 24 hours of their admission, were used to determine whether treatment given dur-
ing this period was guideline adherent. For cases with an otherwise unspecified diagnosis of
“urinary tract infection”, we retrospectively considered all patients with flank pain or hypoten-
sion to have had pyelonephritis, and those with neither of these features to have had cystitis
[17].

We defined management as adherent if the antibiotic(s) prescribed, and their dose(s) and
route(s) of administration, were consistent with the relevant hospital guidelines. Cases that
had been prescribed a guideline-adherent antibiotic regimen during the first 24 hours of their
admission were considered to be adherent regardless of whether, or not, they had also received
other guideline non-adherent regimen(s) (e.g. prescribed by a different clinician) during the
first 24 hours.

We defined appropriate treatment as any treatment that was neither over-treatment nor
under-treatment. We defined over-treatment as prescription of inappropriately broad-spec-
trum agents. For example, prescription of cefuroxime plus erythromycin for a patient with an
admission diagnosis of CAP and a CURB-65 score of 1 was considered overtreatment. We
defined under-treatment as prescription of inappropriately narrow-spectrum or ineffective
agents. For example, prescription of trimethoprim or nitrofurantoin for a patient with an
admission diagnosis of pyelonephritis was considered under-treatment.

For cases with a diagnosis of CAP documented in their notes during the first 24 hours of
admission, but without a documented CURB-65 score, we calculated the score using the rele-
vant clinical data. For cases without a serum urea result, we calculated the CRB-65 score [18].
Management of cases with a CRB-65 score of 0 or 3-4 was considered adherent if the antibiot-
ics prescribed were those recommended for patients with a CURB-65 score of 0-1 or 3-5,
respectively. Management of cases with a CRB-65 score of 1 was considered adherent if the
antibiotics prescribed were those recommended for patients with CURB-65 scores of 0-1 or 2.
Similarly, the management of cases with CRB-65 score of 2 was considered adherent if the
antibiotics prescribed were those recommended for patients with CURB-65 scores of 2 or 3-5.

We used IBM SPSS (Armonk, New York) version 25 to analyse all data. Continuous vari-
ables were reported as medians with interquartile ranges (IQR). Categorical variables were
expressed as numbers or percentages. The baseline and intervention period rates of adherence
and appropriate treatment were compared with Pearson’s chi-squared test.

The guidelines for management of CAP in NSH/WTH depended upon the SMART-COP
pneumonia severity score [19], while the ACH and MMH guidelines relied upon the CURB-
65 pneumonia severity score [18]. Therefore, antibiotic guideline adherence for patients with
CAP admitted to NSH/WTH was not compared with ACH.
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Table 1. Numbers of healthcare workers viewing the SCRIPT app for each body system during the intervention period in 2016.

Body System
Respiratory
Genitourinary
Sepsis

CNS
Ophthalmology
ENT
Cardiothoracic
Gastrointestinal tract
Bone and joint
Skin and soft tissue
Total

https://doi.org/10.1371/journal.pone.0211157.t001

June July August Total

218 379 250 847

86 157 107 350

128 121 218 467

64 90 124 278

71 54 89 214

120 87 128 335

48 29 37 114

112 136 252 500

66 64 87 217

184 249 230 663

1097 1366 1522 3985

Results

Only 53 prescribers downloaded SCRIPT during the first month of the intervention period.
This number rose gradually to 145 healthcare workers by the end of the study and the respira-
tory guidelines were the most frequently accessed during the study(Table 1).

The approximate average number of times that SCRIPT guidelines were accessed by each
user was 21 in June (1097/53), 12 in July (1366/112) and 11 in August (1522/145). The median
time spent using the CAP guideline on SCRIPT was 11 seconds (IQR 7-17) and the median
time spent using the UTI guideline was 18 seconds (IQR 12-29).

Antibiotic guideline adherence for patients with community acquired
pneumonia

Most of the demographic and clinical features of the CAP cases did not differ significantly
between the baseline and intervention cohorts at ACH (Table 2). However, the clinical diagno-
sis of “viral respiratory tract infection” was significantly more common in the ACH interven-
tion cohort than in the ACH baseline cohort (chi-squared, p<0.001).

Differences were apparent between the ACH and MMH CAP cohorts with regard to ethnic-
ity, the presence of consolidation on CXR, the proportion of patients with a clinical diagnosis
of pneumonia, the CURB-65 scores, the median length of stay, and the mortality rate (chi-
squared, all p<0.05). The populations served by these two hospitals differ considerably in
terms of socio-economic status, with a higher prevalence of deprivation observed in the MMH
population [20]. 160/856 (19%) of the total ACH and the MMH baseline and intervention
cohorts had a CURB-65 score documented in their clinical records. A CURB-65 score could
be determined for a further 576 cases and a CRB-65 score for 120 cases.

37/199 (19%) patients with CAP at ACH were prescribed guideline adherent treatment dur-
ing the baseline period, and this improved to 64/237 (27%) during the intervention period
(p = 0.04). There was a marked increase in adherence in the 59 patients with severe pneumonia
(CURB-65 3-5), from 7% in the baseline period to 29% in the intervention period (p = 0.03).
There was also a significant increase in the prescription of appropriate treatment at ACH,
from 44/199 (22%) during the baseline period to 77/237(32%) during the intervention period
(p =0.02). In contrast, at MMH, there was no change in the rates of guideline adherence (19/
211, 9% during the baseline period and 19/209, 9% during the intervention period, p = 0.98) or
in the prescription of appropriate treatment (20/211, 9% during the baseline period and 21/
209 (10%) during the intervention period, p = 0.84).

PLOS ONE | https://doi.org/10.1371/journal.pone.0211157  January 29, 2019

6/12


https://doi.org/10.1371/journal.pone.0211157.t001
https://doi.org/10.1371/journal.pone.0211157

®PLOS | one

Smartphone app and antibiotic prescribing

Table 2. Demographic and clinical features (n (%)) of patients with CAP admitted to ACH or MMH during the baseline and intervention periods.

ACH MMH
Features Baseline Intervention Baseline Intervention
n=199 n =237 n=211 n =209

Median age (IQR), years 62 (46-77) 64 (44-79) 71 (60-79) 66 (50-76)
Female gender 96 (48) 139 (59) 93 (44) 118 (57)
Ethnicity*

European 90 (45) 121 (51) 79 (37) 75 (36)

Maori 22 (11) 36 (15) 58 (28) 48 (23)

Pacific Islander 40 (20) 48 (20) 62 (29) 59 (28)

Asian / Other 47 (24) 32 (14) 12 (6) 27 (13)
CXR performed 196 (99) 235(99) 209 (99) 209 (100)
CXR consolidation*® 62 (31) 77 (33) 172 (82) 169 (81)
Diagnostic impression

Pneumonia* 70 (35) 70 (30) 186 (88) 166 (79)

LRTT unspecified 107 (54) 98 (41) 18 (9) 29 (14)

Viral 18 (9) 61 (26)** 2(1) 4(2)

Bronchitis 2(1) 2(1) 0(0) 2(1)

Other 2(1) 6(3) 5(2) 8 (4)
CURB-65 documented 31 (16) 50 (21) 42 (20) 37 (18)
C(U)RB-65***

Score 0-1* 129 (65) 151 (64) 79 (37) 122 (58)

Score 2* 42 (21) 55 (23) 60 (28) 46 (22)

Score 3-5* 28 (14) 31 (13) 72 (34) 41 (20)
Median LOS days* 2 2 4 3
ICU admission 2(1) 3(1) 0(0) 7 (3)
28-day mortality* 3(2) 1(1) 46 (22) 25 (12)

* p<0.05
** p<0.001

***The C(U)RB-65 scores were either recorded in the doctors’ notes or calculated from the clinical data.
ACH, Auckland City Hospital; MMH, Middlemore Hospital; CAP, community-acquired pneumonia; CXR, chest X-ray; LRTI, lower respiratory tract infection; LOS,

length of stay; ICU, intensive care unit.

https://doi.org/10.1371/journal.pone.0211157.1002

Urinary tract infection

The demographic and clinical features of the UTI cases did not differ significantly between the
baseline and intervention cohorts for ACH, MMH or NSH/WTH. There were significant dif-
ferences between the ACH, MMH and NSH/WTH UTI cohorts with regard to age, gender,
ethnicity, the presence of an indwelling urinary catheter, the presence of impaired renal func-
tion, and the 28-day mortality rate (chi-squared, p<0.05), reflecting the differences in the pop-
ulations served by these hospitals (Table 3). In a total of 803 (64%) cases admitted to ACH,
MMH or NSH/WTH during the baseline or intervention periods, the clinical records for the
first 24 hours did not specify whether the clinical impression was specifically “cystitis” or

“pyelonephritis”. We used the clinical data to retrospectively ascribe an admission diagnoses
of either cystitis (n = 673) or pyelonephritis (n = 130).
Guideline adherence for patients with UTI at ACH did not change significantly between
the baseline period and the intervention period. During the baseline period 98/209 (47%)
patients were prescribed guideline adherent treatment and during the intervention period
106/211 (50%) patients were prescribed guideline treatment (p = 0.49). At MMH (95/211
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Table 3. Demographic and clinical features (n(%)) of patients with UTI admitted to ACH, MMH and NSWH during the baseline and intervention periods.

ACH MMH NSWH
Features Baseline Intervention Baseline Intervention Baseline Intervention
n =209 n=211 n=211 n =201 n=211 n =206

Median age (IQR), years* 58 (30-79) 59 (34-78) 67 (42-78) 68 (46-82) 72 (48-84) 72 (43-82)
Female gender* 154 (74) 155 (74) 141 (67) 133 (66) 143 (68) 132 (64)
Ethnicity*

European 113 (54) 122 (58) 89 (42) 93 (46) 166 (79) 161 (78)

Maori 17 (8) 32 (15) 41 (19) 42 (21) 13 (6) 18 (9)

Pacific Islander 21 (10) 18 (9) 46 (22) 41 (20) 17(8) 12 (6)

Asian / Other 58 (28) 39 (19) 35(17) 25 (12) 15(7) 15 (7)
Diagnosis documented

Pyelonephritis 71 (34) 78 (37) 69 (33) 56 (28) 31 (15) 84 (41)

Cystitis 15(7) 4(2) 8 (4) 16 (8) 6(3) 8(4)

UTI not specified 123 (59) 129 (61) 134 (63) 129 (64) 174 (82) 114 (55)
Diagnosis

Pyelonephritis 93 (44) 95 (45) 92 (44) 70 (35) 65 (31) 104 (51)

Cystitis 116 (56) 116 (55) 119 (56) 131 (65) 146 (69) 102 (49)
In-dwelling catheter* 9 (4) 13 (6) 25(12) 22 (11) 25 (12) 36 (18)
eGFR < 30 ml/min/1.73m? * 16 (8) 10 (5) 27 (13) 22(11) 16 (8) 17 (8)
Pyuria 192 (92) 194 (92) 206 (98) 192 (96) 203 (96) 202 (98)
Median LOS, days 2 1 2 2 3 2
ICU admission 2(1) 0(0) 1(0.5) 2 (1) 1(0.5) 2(1)
28-day mortality* 1(0.5) 2(1) 18 (9) 16 (8) 16 (8) 6(3)

* p<0.05.

ACH = Auckland City Hospital; MMH = Middlemore Hospital; NSWH = North Shore & Waitakere Hospitals; UTI = urinary tract infection; eGFR = estimated
glomerular filtration rate; LOS = length of stay; ICU = intensive care unit.

https://doi.org/10.1371/journal.pone.0211157.t1003

(45%) during the baseline period and 80/201 (40%) during intervention period, p = 0.28) and
NSH/WTH (50/211 (24%) during the baseline period and 59/206 (29%) during the interven-
tion period, p = 0.25), there were no significant changes in the rate of guideline adherence
between the baseline and intervention periods. Furthermore, there were no significant changes
in the prescription of appropriate treatment between the baseline and intervention periods at
any of the hospitals.

Discussion

The introduction of the SCRIPT antibiotic guideline app at ACH had a statistically significant,
positive impact on prescriber adherence to the ACH antibiotic guidelines in patients with
CAP. The rate of antibiotic guideline adherence improved by an absolute value of 8%, a rela-
tive increase of 42%, despite relatively slow uptake of the app. Importantly, in CAP, the intro-
duction of SCRIPT was associated with a statistically significant rise in appropriate treatment
(reductions in both over-treatment and in under-treatment). Whilst over-treatment with
unnecessarily broad-spectrum antibiotics may cause harm by accelerating the development of
antibiotic resistance, the potential consequences of under-treatment can be more immediately
detrimental to patients. Although the 30-day mortality in the patients with CAP was not signif-
icantly reduced during the intervention period, this study was not designed to detect a signifi-
cant change in patient outcomes, such as 30-day mortality or the rate of hospital readmission;
larger studies would be required to answer such questions.
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Our study is consistent with a recent meta-analysis of antibiotic stewardship measures,
which concluded that point-of-care information is beneficial for stewardship [1]. Moreover,
our findings are similar to the only comparable study of the impact of providing antibiotic
guidelines in a mobile phone app, which found a 6.5% increase in guideline adherence, using
an interrupted time series study [15]. It is unusual for interventions that are delivered via a sin-
gle modality to improve antibiotic adherence. Clinical decision support interventions, typically
delivered via desktop computers, have resulted in 1.5-61% increases in adherence in multiple
studies, but have often required longer intervention periods of 6-12 months to achieve such
effects [2].

Our study is consistent with many others that have shown how difficult it is to change pre-
scriber behaviour [21-23]. The results of our study strongly suggest that, in general, the failure
of clinicians to follow the ACH treatment guidelines was not the consequence of clinicians
accessing the guidelines and then actively deciding to choose another treatment regimen, but
instead the failure of clinicians to access and consider the guidelines at all. If clinicians caring
for patients with CAP at ACH had accessed and considered the local guidelines, it seems likely
that the rate of documentation of the CURB-65 score, on which the guideline is dependent,
would have been higher than 16% in the baseline period and 21% in the intervention period. A
similar conclusion can be drawn from the consistently high proportion of cases with UTT at
ACH (59% in the baseline period and 61% in the intervention period), in whom the treating
clinicians did not indicate whether treatment was for cystitis or pyelonephritis, despite the
guideline’s dependence on discriminating between these two conditions before generating a
treatment recommendation.

The reasons for the marked difference between CAP and UTI in the rates of guideline
adherence are not immediately clear. Low rates of CURB-65 score documentation were paral-
leled by low rates of documentation of specific UTI diagnoses. The UTI decision tree in
SCRIPT has a minimum of six branch points, compared with only three for CAP; this results
in more questions and decision points, before the clinician using the app obtains the treatment
recommendation. Whilst this was due to the complexity of both establishing the UTI diagnosis
and the consideration of other factors (such as the presence of renal failure and colonization
by extended spectrum beta-lactamase producing bacteria), it is difficult to ascertain if this was
a deterrent to SCRIPT use as there was little difference in the average time taken to access the
SCRIPT recommendation (CAP 20 seconds; UTI 23 seconds).

The frequency of accessing SCRIPT was high in comparison with a study conducted in
London, reported by Charani, et al [15]. In that study, the proportion of doctors at two London
hospitals who downloaded their antibiotic guideline app was 61% at one hospital, and 100% at
the other; however, the average rate of use of the app was less than twice per month at both
hospitals [10, 24]. In contrast, the average rate of SCRIPT use was five times higher. Taken
together these combined results indicate that improving prescriber adherence to treatment
guidelines is considerably more complex than simply facilitating access to the guidelines [10,
12, 24]. A systematic review of antibiotic prescribing for respiratory tract infections has shown
that prescribing practices are complex and include factors such as prior knowledge and experi-
ence, as well as perceptions about prevention of adverse outcomes [25].

In summary we found that the introduction of a smartphone app, that made the ACH anti-
biotic guidelines readily available to all ACH clinicians, was associated with a statistically sig-
nificant increase in prescriber adherence to the guidelines in patients with CAP. While it is
likely that the full impact of SCRIPT would only be observed after the app has become embed-
ded into clinical practice over a longer time period, our study shows that release of an antibi-
otic guideline app will lead to almost immediate improvements. However, we also found that,
despite high usage of SCRIPT, clinicians very commonly failed to perform those assessments
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necessary to determine the optimum treatment, most importantly through measuring the
severity of illness in patients with CAP (by use of the CURB-65 score) or deciding on the site
of infection in patients with a UTT (pyelonephritis or cystitis). Improvements in the care of
patients with common infections requires more than making guidelines readily available.

SCRIPT has continued to be promoted since the completion of this study, and up to June
2018 there have been over 3000 downloads within ACH. We intend to perform further studies
of the temporal changes in the level of prescriber adherence; and the reasons given by clini-
cians for failure to use the guideline and adhere to its evidence based recommendation.
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