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Abstract

Paper-based interventions have been shown to stimulate switching from intravenous (IV) to oral (PO)
antibiotic therapies. Shorter IV durations are associated with a lower risk for iatrogenic infections, reduced
workload and costs. The purpose of this study was to determine whether automated electronic reminders are
able to promote earlier switching.

In this controlled before-and-after-study, an algorithm identified patients who were eligible for IV-PO
switches 60 hours after starting IV antimicrobial therapies. Reminders offering guidance on the reassessment
of the initial IV therapy were displayed within the electronic health records in 12 units during the intervention
period (year 2012). In contrast, no reminders were visible during the baseline period (2011) and in the control
group (17 units).

A total of 22,863 IV antibiotic therapies were analysed, and 6,082 (26.6%) were switched to PO. In the
intervention group, 757 courses of IV antibiotics were administered for a mean duration (tstandard deviation)
of 5.4 (8.1) days before switching to PO in the baseline period and 794 courses for 4.5 (+5.5) days in the
intervention period (p=0.004), corresponding to a 17.5% reduction of the IV administration time. In contrast, in
the control group the duration increased; 2,240 IV antibiotics were administered for a mean duration of 4.0
(£5.9) days in the baseline period and 2,291 for 4.3 (+5.8) days in the intervention period (p=0.03).

Electronic reminders fostered earlier IV-PO switches, thereby reducing the duration of the initial IV

therapies by nearly a day.

The study was registered at ClinicalTrials.gov (NCT01499927).



Studies have shown that antimicrobial therapies among hospitalised patients are inappropriate in 30-50%
of the time (1-4). Antimicrobial stewardship programs intend to optimize the use of antimicrobial agents, curb
resistance, minimize the risk of adverse effects and reduce costs (2, 4).

One strategy to improve antimicrobial regimens is earlier switching from intravenous (IV) to the oral (PO)
route of administration (4, 5). Such IV-PO switches are often considered approximately three days after
starting the empiric therapy if the patient is clinically stable and is able to swallow (6, 7). Changing the
administration route may be performed while ordering the same or a different antimicrobial agent, depending
on the microbiological susceptibility results. Important advantages are associated with an early IV-PO switch:
Lower risk of catheter-associated infections, reduced nursing workload, and decreased direct and indirect
costs (5, 7-9). A number of studies demonstrated reduced durations of the initial IV therapies due to paper-
based checklists fostering the IV-PO switch (9-11).

Dellit et al. (4) and Pestotnik (12) summarized the literature on computer-based decision support for
antimicrobial stewardship purposes. One study investigated a commercial decision support system that
generated various alerts to reduce inappropriate antimicrobial use, e.g. suggested switches to equivalent oral
agents (13). Other investigators presented a sophisticated algorithm that recommended the oral
administration route for quinolones in some patients, and successfully increased the use of PO administration
of levofloxacin and ciprofloxacin (14). Shojania et al. (15) displayed guidelines at the time of computerized
physician order entry and thereby reduced the duration of IV vancomycin.

The aim of the present clinical trial was to encourage early IV-PO switches using computerized clinical
decision support (CDS) in order to reduce the duration of the initial IV therapy of antimicrobials. Since ‘alert
fatigue’ is a well-known issue in electronic approaches (16), the algorithm featured enhanced specificity by

checking in real time whether patient parameters allowed for switching from IV to PO.



2. Materials and Methods

2.1 Design and Site

The study was designed as a prospective, controlled before-and-after trial. The baseline period lasted from
1/1/2011-12/31/2011, the intervention period from 1/1/2012-12/31/2012. These study periods were defined
in order to mitigate seasonal influences on infectious diseases (17). No reminders were displayed during the
baseline period and in the control group. In the intervention group, the reminders were activated at the
beginning of the intervention period.

The University Hospital Zurich has approximately 850 beds and covers all specialties except for orthopedic
surgery and pediatrics. All inpatients receiving IV antimicrobials ordered via computerized physician order
entry were included. A total of 29 units of the hospital cared for inpatients during the study periods.

The allocation of the 29 inpatient units to either the intervention or the control group was based on
feasibility and safety considerations by infectious diseases specialists. 12 units served as intervention group
(angiology, cardiology, endocrinology & diabetology, gastroenterology, immunology, infectious diseases,
internal medicine, nephrology, neurology, pulmonology, rheumatology, urology), 17 as control group
(abdominal surgery, cardiac & vascular surgery, dermatology, gynecology, hematology, neonatology,
neuroradiology, neurosurgery, obstetrics, oncology, ophthalmology, oral and maxillofacial surgery,
otolaryngology, radiation oncology, reconstructive surgery, thoracic surgery, traumatology). It was clear from
the beginning that the two study groups would not be comparable due to differences between the patient
populations. We controlled for this issue by comparing the baseline period with the intervention period in
both study groups separately.

The ethics committee approved the study and patient consent was waived. Under consideration of
anticipated improvements due to the intervention (increase patient safety, reduce workload and costs) (2, 4, 5,
7-9) and of available studies with similar interventions that reported no higher incidence of adverse events, (9,
11, 13, 18) a waiver for informed consent was requested, because (i) limiting the study to patients who could
give informed consent would decrease the generalizability of the results, and (ii) even attempting to obtain
informed consent from such a large number of patients would result in financial costs that are prohibitive and

a potentially poor use of limited resources. The study was registered at ClinicalTrials.gov (NCT01499927).



2.2 Clinical Information System
Inpatient care is comprehensively documented and managed by the clinical information system (Kisim,
Cistec AG, Zurich, Switzerland) including all pharmacological therapies, other treatments and diagnostic

procedures on all wards except for intensive care units (ICUs).

2.3 Computerized Reminders

60 hours after start of an IV antimicrobial therapy, an algorithm automatically checked whether: (i) the
therapy was scheduled for an additional 24 hours or longer, (ii) neutrophil count of the patient exceeded
0.5 G/I, (iii) body temperature was below 38°C, and (iv) patient had the ability to swallow as indicated by
orders of PO medication. If the conditions were met, a non-interruptive reminder was displayed as a red bar
within the top section of the electronic health record.

By clicking on the reminder bar a window appeared, offering guidance on whether or not an IV-PO switch
was appropriate: At first, the window contained a short explanation why the reminder was displayed. Further,
it recommended reassessing the initial IV treatment under consideration of five suggestions: (a) switching from
IV to PO, (b) narrowing the antimicrobial spectrum, (c) stopping the antimicrobial treatment if no longer
indicated, (d) no change, or (e) consulting an infectious diseases specialist. At last, a table listed the need-to-
knows about the advantages of IV-PO switches, when a switch was possible, and also contraindications to
switch.

The reminder was displayed in the electronic health record from 60 hours onwards until a physician
acknowledged the notification, or the IV therapy triggering the reminder was stopped. However, the reminder
was automatically terminated 10 days after it appeared. Therefore, the immediate influence of the reminders

is considered to be reflected by IV-PO switches during the time frame of 60-300 hours.

2.4 Definition of ‘Switch’

Antimicrobials were defined using the Anatomical Therapeutic Chemical (ATC) classification system (World
Health Organization, Geneva, Switzerland). Drug orders according to ATC codes of the categories
J01 (antibiotics), J02 (antifungals), J04 (antimycobacterials), and JO5 (antivirals) were included.

The only ‘antimycobacterial’ ordered was rifampicin (rifampin). However, IV rifampicin — switched to PO in
the process — was always used, and therefore considered, as an antibiotic and never prescribed for the

treatment of tuberculosis or leprosy during the study.



At the end of an IV antimicrobial therapy, the time frame ‘IV stop time £12 hours’ was used to check for a
‘PO start time’: If the stopped IV therapy and the starting PO therapy were among the same ATC category,
then had an IV-PO switch been performed by definition. Only throughout the hospital stay were durations of

IV and PO administrations considered.

2.5 Statistics

Continuous variables were presented as means (tstandard deviation). Comparisons of the durations of
therapies and tests of Kaplan-Meier curve differences were performed using the log-rank test. Levels of p<0.05
were considered statistically significant. Kaplan-Meier curves were plotted for IV-PO switches that reflected
the reminders’ impact, i.e. within the time frame 60-300 hours.

The primary end point was the duration of IV administration of antimicrobial therapies until switching to
PO administration. Secondary analyses included changes of numbers and durations of switched antibiotics.
Further, secondary end points were IV-PO switches within 60-300 in the years 2011 and 2012.

Calculations were performed using R, version 3.0.2 (R Foundation for Statistical Computing, Vienna,

Austria).



3. Results

A total of 74,766 patients were hospitalized during the two study periods (Tab. 1). Of 24,599 IV
prescriptions for antimicrobials, 6,410 (26.1%) were switched to PO. These 6,410 IV-PO switches were

analysed in detail:

3.1 Total IV-PO switches of antimicrobials

Overall, the reminders reduced the mean IV duration among the IV-PO switches by 18.1% (23.7 hours): In
the intervention group, 780 IV therapies were administered for a mean duration (tstandard deviation) of 5.44
(£8.13) days before they were switched to PO in the baseline period, and 824 courses for 4.46 (+5.45) days in
the intervention period (p=0.0021). In the control group, 2,374 IV therapies were administered for a mean
duration of 4.26 (+6.24) days during the baseline period, and 2,432 courses for 4.48 (+5.99) days in the

intervention period (p=0.096).

3.2 IV-PO switched antibiotics

Antibiotics accounted for 95% of switched antimicrobials, and they were most often switched to the same
PO agent where reasonable (Tab. 2). In the intervention group, 757 IV antibiotics were administered for a
mean duration of 5.42 (+8.15) days before switching to PO in the baseline period, and 794 courses for 4.47
(£5.49) days in the intervention period (p=0.0036), corresponding to a 17.5% (22.8 hours) reduction of the IV
administration time (Tab. 3). In contrast, in the control group, 2,240 IV antibiotics were administered for a
mean duration of 3.96 (+5.86) days in the baseline period, whereas the mean IV duration of 2,291 courses
increased in the intervention period to 4.28 (+5.83) days before they were switched to PO (p=0.032).

Among the three IV antibiotics with the highest volumes of orders (Tab. 2), the reminders mainly affected
the switches of IV piperacillin/tazobactam, reducing the mean IV duration by 2.3 days following the
intervention (Tab. 3), whereas in the control group the IV duration of piperacillin/tazobactam remained stable
at roughly 7 days. In contrast, the mean IV durations of amoxicillin/clavulanic acid and ceftriaxone were
sparsely reduced due to the reminders. The mean IV duration of ceftriaxone in the intervention group
decreased by 0.03 days to 3.83 (+3.04) days during the intervention period (baseline: 166 IV courses;

intervention period: 171).



The analysis of those IV antibiotics that were switched while displaying reminders (60-300 hours; Fig. 1)
revealed a decrease of the mean duration of the IV therapies in the intervention group: During the baseline
period, 431 IV therapies lasted 5.17 (*2.32) days until switching, compared to 452 IV therapies during the
intervention period which had a mean duration of 4.78 (+1.95) days until switching (p=0.0059). Analysing the
same time frame in the control group, no change between the baseline and the intervention period was
observed (Fig. 1): The mean duration of the initial IV antibiotics was 5.20 (+2.36) days during the baseline and
5.19 (*2.37) days during the intervention period, the numbers of switched antibiotics were 1,060 and 1,069,

respectively (p=0.88).

3.3 IV-PO switched antifungals and antivirals

In the intervention group, the numbers of IV-PO switched antifungals and antivirals were low: During the
baseline period, 9 antifungals had a mean IV duration of 0.78 (+1.04) days, and during the intervention period,
16 had an IV duration of 3.46 (+5.10) days (p=0.30). The IV administrations of 14 antivirals lasted 9.67 (+8.43)
days during the baseline, and 14 IV antivirals were switched after 4.79 (+3.30) days during the intervention
period (p=0.024). However, after reviewing the respective electronic health records, causality between the
electronic reminders and the reduced IV duration of antivirals appeared to be unlikely. No changes of the IV

durations of antifungals and antivirals were observed in the control group.



4. Discussion

We found that the electronic intervention reduced the mean duration of the initial IV administration of
antimicrobials by nearly a day until they were switched to PO. Meanwhile in the control group, where the
reminders had been suppressed, the duration of the initial IV antimicrobial therapies did not change.

The antibiotic that contributed most to the observed effect was piperacillin/tazobactam. Its mean IV
duration decreased in the intervention group by 2.3 days, whereas in the control group the IV administration
time remained stable at roughly 7 days. Surprisingly, the other switched antibiotics out of the top three in
terms of high ordering volumes, amoxicillin/clavulanic acid and ceftriaxone, were barely affected by the
reminders. The relatively short IV durations of these antimicrobials may explain this finding in part.
Additionally, figure 1 shows that some time was required to impact, since firstly the providers needed time to
see the reminders and change the orders, and subsequently the nurses had to implement the modifications
towards the end of the current dosing intervals. Therefore displaying the reminders earlier than 60 hours after
the start of the IV therapy could be considered for the hospital-wide rollout of the concept.

Various approaches influencing the prescribing behavior of health care professionals have been studied
(13, 19, 20). A recent trial investigated the impact of phone calls to stimulate IV-PO switches of clindamycin,
levofloxacin and paracetamol (21). Others used recommendations from a peer team to reduce the IV duration
of antibiotics (vancomycin, tobramycin, ceftazidime, ampicillin/sulbactam, ciprofloxacin, cefuroxime,
imipenem/cilastatin, cilastatin, fluconazole, cefotetan, and ceftriaxone) (22). Another group analysed the
impact of a paper-based intervention encouraging early switches of antibiotics on day three of IV therapy,
without further restrictions to specific agents (9). The trial was designed as a before-and-after study, but
lacked a control group. The authors presented a reduction of the median IV duration by 19% after adjusting for
confounders (9).

Some research groups investigated electronic interventions to decrease unnecessary use of IV medications.
Shojania et al. (15) performed a randomized controlled trial and successfully reduced the number and duration
of vancomycin prescriptions by displaying electronic guidelines at the time of order entry. Providers in both
study groups were electronically prompted to renew or discontinue vancomycin after 72 hours (15). Fischer et
al. (23) performed a before-and-after study without control group and electronically promoted IV-PO switches

of six medications using CDS (fluconazole, levofloxacin, metronidazole, ranitidine, amiodarone, ketorolac). The



authors presented data on the decreased use of the IV administration of the drugs (23). Hulgan et al. (14)
performed a before-and-after study without control group, and analysed the PO use of levofloxacin and
ciprofloxacin when displaying electronic notifications. The use of PO levofloxacin and PO ciprofloxacin
increased following the intervention (14). The studies by Fischer et al. (23) and Hulgan et al. (14) implemented
sophisticated algorithms that searched the electronic patient charts for PO orders or structured data on oral
diets in order to avoid alerts in patients who are unable to swallow. Our algorithm also searched for active PO
orders to identify patients with functioning gastrointestinal system. This feature increases the specificity of
electronic notifications, additionally concentrates the impact of the intervention on early switching to PO, and
decreases the risk for alert fatigue (16).

We performed a prospective, hospital-wide, before-and-after study with an intervention and a control
group. The non-interruptive reminders offered guidance on whether or not to switch from IV to PO. The
information presented in the pop-up window was provided unobtrusively with intent, since CDS must not
preempt the considerations and decisions of the physicians on duty (24). Our study included large samples of
patients and antimicrobial therapies, and two entire years were analysed. Data of frequently IV-PO switched
antibiotics are presented as well as a comprehensive overview of the IV duration changes of severely
influenced antibiotic agents, which may be an important input for future developments. To date, no ‘stop-
orders’ are implemented at our institution, allowing for the accurate calculation of the genuine durations of IV
and PO administrations.

Several limitations need to be taken into account in interpreting our results. Firstly, the study was not a
randomized trial. However, we used a pre-/post-intervention study design including a control group, which is
among the most reliable designs of quasi-experimental studies (25). Increasingly used study designs such as
interrupted time series analyses (26, 27) and stepped wedge cluster randomised trials (28, 29) should be
considered for future investigations. Secondly, the clinical outcome was not assessed, and thus it remains
unknown whether the number of catheter-associated infections and other clinical end points were affected by
the reminders. Finally, although the study was carefully conducted, without any reported unintended
consequences, we cannot completely rule out problematic switches due to the CDS intervention. Nevertheless,
Mertz et al. (9) determined the safety of a similar intervention and observed no higher incidence of adverse

events, as did others (11, 13, 18).



The present findings have important implications, since a lower risk for catheter-associated infections,
reduced nursing workload, and decreased direct and indirect costs are associated with early IV-PO switches (4,
5, 7-9). The proposed CDS algorithm allows for the implementation in most inpatient specialties with an open-
end intervention period; no manpower is required for the continued operation of the electronic reminders
within the clinical information system, and a similar reminder could also be implemented in other hospitals.

Not all switched antimicrobial agents were strongly affected by the reminders, and research is needed to
investigate how and to which extent these IV therapies could positively be influenced. However, some patients
require aggressive IV antimicrobial treatments (9), e.g. patients with cystic fibrosis, and particularly lung
transplant recipients often present with complex infections (30). Yet, the potential of CDS in such specific
clinical settings is unknown. Finally, large studies evaluating similar CDS interventions are suggested to
investigate clinical end points, because the most important research question remains, whether CDS is able to

improve patient outcomes.

5. Conclusion

The electronic reminders promoted earlier IV-PO switching of antibiotics, thereby reducing the duration of

the initial IV therapies by nearly a day.
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Table 1: Number of patients, mean length of hospital stay, mean age, and proportion of females in the study groups during the baseline and the intervention period.

Number of Mean length of Mean age of Proportion of
(SD) (SD)
patients hospital stay [days] patients [years] female patients [%]
Baseline period
10,441 6.2 (£8.3) 61.4 (£16.8) 38.7
Intervention (2011)
group Intervention
10,410 6.5 (£9.1) 61.8 (£17.0) 38.0
period (2012)
Baseline period
26,768 7.0 (£10.8) 45.2 (£24.1) 54.9
(2011)
Control group
Intervention
27,147 6.9 (+10.6) 45.2 (£24.2) 54.3

period (2012)

SD: Standard deviation.




Table 2: Top 10 IV antibiotics in terms of ordering volume, later switched to PO. Only unambiguous (one-to-one) switches were considered. Numbers are presented as

totals of both study periods and study groups. For each IV antibiotic the two most common PO switches are listed.

Top 10 most frequently Mean % switched
started IV antibiotics that Mean IV Number PO Number | to this PO
were switched in the duration of IV % of IV Most often switched to duration of PO antibiotic
process [days] SD orders | orders these PO antibiotics [days] SD orders (#PO / #1V)
. o — | Amoxicillin/clavulanic acid 2.79 3.12 2554 94.3
Amoxicillin/clavulanic acid 3.1 2.99 2709 47.3 - -
— | Ciprofloxacin 4.54 4.6 62 23
] . — | Amoxicillin/clavulanic acid 2.62 3.25 391 521
Piperacillin/tazobactam 6.67 8 750 131 - -
— | Ciprofloxacin 3.58 4.87 259 345
) — | Amoxicillin/clavulanic acid 2.38 2.2 178 44.4
Ceftriaxone 4.21 4.76 401 7 - -
— | Ciprofloxacin 2.78 3.6 103 25.7
. — | Cefuroxime 2.27 1.54 319 94.7
Cefuroxime 1.33 1.5 337 5.9 — —
— | Amoxicillin/clavulanic acid 1.61 0.76 6 1.8
) ) — | Ciprofloxacin 4.46 5.69 292 93.3
Ciprofloxacin 2.77 3.23 313 5.5 - -
— | Clindamycin 5.88 4.32 5 1.6
) ) — | Clindamycin 2.74 3.07 135 85.4
Clindamycin 3.21 4.13 158 2.8 — —
— | Amoxicillin/clavulanic acid 1.4 0.87 7 4.4
— | Ciprofloxacin 3.81 3.87 48 32
Meropenem 114 | 13.21 150 2.6 — —
— | Amoxicillin/clavulanic acid 3.64 3.67 44 29.3
) — | Ciprofloxacin 5.95 7.93 27 211
Vancomycin 9.75 | 12.62 128 2.2 — —
— | Amoxicillin/clavulanic acid 2.74 2.19 19 14.8
) — | Ciprofloxacin 2.95 3.55 53 50
Metronidazole 3.49 2.59 106 1.9 — —
— | Amoxicillin/clavulanic acid 2.41 2.45 35 33
) — | Amoxicillin/clavulanic acid 3.05 2.89 40 47.6
Cefazolin 2.36 3.31 84 1.5 - -
— | Ciprofloxacin 53 2.67 11 13.1

SD: Standard deviation.
IV-PO switches are presented in this table explicitly for unambiguous (one-to-one) switches only: These switches were defined as one IV antimicrobial switched to one PO

antimicrobial (representing 94% of all switches).



Table 3: Change of the mean IV duration from the baseline (2011) to the intervention period (2012) of the top 10 antibiotics according to the weighted change in the

intervention group. Only antibiotics that were prescribed at least 5 times during both study periods have been included in the top 10 list.

2011 2012
Change of mean duration | Weighted
Mean IV Mean IV 2
Antibiotic SD n % SD n % [days] (change change
duration [days] duration [days]
percentage) [days]

Piperacillin/tazobactam 7.56 13.2 | 163 215 |5.26 5.29 |170 21.4 -2.3 (-30.4%) -383.0
Imipenem/cilastatin 12.12 798 |8 1.1 6.75 725 |8 1 -5.37 (-44.3%) -43.0
Vancomycin 7.63 9.14 |16 2.1 5.77 6.74 |23 2.9 -1.86 (-24.4%) -36.3
Teicoplanin 14.34 12.48 |14 1.8 11.3 11.96 |5 0.6 -3.04 (-21.2%) -28.9

o Amoxicillin 9.31 6.06 |6 0.8 6.28 5.4 6 0.8 -3.03 (-32.6%) -18.2

>

o

5 Ertapenem 5.26 466 |8 1.1 3.93 2.66 |19 2.4 -1.33 (-25.3%) -18.0

[ =

o

‘é Sulfamethoxazole/trimethoprim | 5.09 5.09 |11 1.5 3.12 239 |6 0.8 -1.97 (-38.7%) -16.7

>

(]

€ Metronidazole 4.07 341 |7 0.9 2.77 2.88 |10 1.3 -1.3 (-31.9%) -11.1
Ciprofloxacin 2.45 2.2 43 5.7 221 2.52 |45 5.7 -0.24 (-9.8%) -10.6
Amoxicillin/clavulanic acid 3.56 3.13 | 189 25 3.51 3.64 |204 25.7 -0.05 (-1.4%) -9.8
Other antibiotics 5.11 6.43 (292 386 [4.83 6.61 |298 37.5 -0.28 (-5.5%) -82.6
Total 5.42 8.15 | 757 100 4.47 5.49 |794 100 -0.95 (-17.5%) -736.7

SD: Standard deviation.

Y Estimated mean reduction of IV days per year, defined as follows:

Weighted change = change of mean duration * ((nyg11 + N2012) / 2)
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Figure 1: Kaplan-Meier curves of the durations of IV antibiotic therapies that were switched to PO within the

time frame of 60-300 hours in the intervention group (left; p=0.0059) and control group (right; p=0.88).
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