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Abstract
Objective—To determine whether face-to-face prompting of critical care physicians reduces
empirical antibiotic utilization compared to an unprompted electronic checklist embedded within
the electronic health record (EHR).

Design—Random allocation design.

Setting—Medical intensive care unit (MICU) with high-intensity intensivist coverage at a
tertiary care urban medical center.

Patients—Two hundred ninety-six critically ill patients treated with at least one day of empirical
antibiotics.

Interventions—For one MICU team, face-to-face prompting of critical care physicians if they
did not address empirical antibiotic utilization during a patient’s daily rounds. On a separate
MICU team, attendings and fellows were trained once to complete an EHR-embedded checklist
daily for each patient, including a question asking whether listed empirical antibiotics could be
discontinued.

Measurements and main results—Prompting led to a more than 4-fold increase in
discontinuing or narrowing of empirical antibiotics compared to use of the electronic checklist.
Prompted group patients had a lower proportion of patient-days on which empirical antibiotics
were administered compared to electronic checklist group patients (63.1% vs. 70.0%, P=0.002).
Mean proportion of antibiotic-days on which empirical antibiotics were used was also lower in the
prompted group, although not statistically significant (0.78 [0.27] vs. 0.83 [0.27], P=0.093). Each
additional day of empirical antibiotics predicted higher risk-adjusted mortality (odds ratio 1.14,
95% CI 1.05–1.23). Risk-adjusted ICU length of stay and hospital mortality were not significantly
different between the two groups.

Conclusions—Face-to-face prompting was superior to an unprompted EHR-based checklist at
reducing empirical antibiotic utilization. Sustained culture change may have contributed to the
electronic checklist having similar empirical antibiotic utilization to a prompted group in the same
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MICU two years prior. Future studies should investigate the integration of an automated
prompting mechanism with a more generalizable EHR-based checklist.
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INTRODUCTION
Checklists reduce errors of omission and improve outcomes in critically ill patients.[1–7]
The most effective use of checklists includes a forcing function, such as empowering nurses
to stop a procedure.[2–4] Compared to the unprompted use of a written checklist, face-to-
face prompting of critical care physicians improves multiple process of care (POC)
parameters, including reducing the utilization of empirical antibiotics.[8, 9] Prompting is
also associated with lower risk-adjusted mortality and length of stay.[8]

Face-to-face prompting by a physician who is not normally a part of the multidisciplinary
team is not easily scalable to clinical practice. Furthermore, paper checklists may become
cumbersome and their effectiveness curtailed by poor standardization. Others have
demonstrated the potential utility of telemedicine, non-real-time printed reminders, or
electronic decision support tools.[7, 10–12]

Empirical antibiotic utilization has clinical significance and can be a target of POC
improvement. Patients frequently receive empirical antibiotics despite low likelihood of
infection.[13] Prolonged empirical antibiotic duration can lead to superinfection or antibiotic
resistance and can predict risk-adjusted mortality, whereas strategies that reduce empirical
antibiotics are associated with either no change or lower risk-adjusted mortality.[9, 14–18]
Shortened duration of empirical antibiotics may account for some of the mortality benefits
previously seen with prompting.[8, 9]

We sought to compare real-time, face-to-face prompting with an unprompted checklist
embedded within the electronic health record (EHR) for reducing the utilization of empirical
antibiotics. We hypothesized that prompting would be superior to an unprompted electronic
checklist in reducing the proportion of empirical antibiotics administered to patients and
empirical antibiotic duration. In addition, lower mortality in association with greater changes
in empirical antibiotics would add further support to the role excessive empirical antibiotics
may play in intensive care unit (ICU) mortality.

METHODS
Setting

The study was conducted in the medical ICU (MICU) at Northwestern Memorial Hospital
(NMH), a tertiary care urban university-affiliated hospital. The MICU is a closed unit with
high-intensity intensivist coverage by two teams, each with an independent patient census.
Teams admit patients on alternating days, and patients are rarely redistributed between the
teams. Each team consists of one pulmonary/critical care attending physician, one fellow,
one pharmacist, and several residents and interns. Attendings have weekday rotations of 1–2
weeks while fellows have weekday rotations of 1–6 weeks. Weekend coverage is frequently
different for attendings and fellows.

Study Design
We conducted a random allocation design trial comparing an EHR-based checklist to a face-
to-face physician prompter. The MICU teams were randomized to the interventions by coin
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flip. The study was approved by the Institutional Review Board and was registered with
Clinicaltrials.gov (NCT01396044). All patients admitted to the MICU on or after June 27,
2011, discharged on or prior to October 7, 2011, and who received at least one day of
empirical antibiotics were included. This time period was chosen to minimize crossover of
attendings and fellows between the two teams, which would have contaminated the
independence of the teams. Exclusion criteria included patients transferred to or from a
different ICU service and any MICU re-admissions without an intervening hospital
discharge (first MICU admissions were included).[19, 20]

Intervention
Physician prompting—We have previously described the face-to-face prompting
methods employed in this study.[8] In brief, a non-care providing resident physician joined
daily bedside rounds of one of the MICU teams. If a patient was being treated with an
antimicrobial agent and the team had not addressed this topic during the course of rounds,
the prompter initiated discussion with the team using scripted questions. These questions
were: 1) “Why is the patient on [antibiotic]?” and 2) “The [test (e.g. blood culture)] was
[negative/positive] for [X (e.g. bacteria)]. Do you plan to continue [antibiotic]?” This team
had a simplified paper checklist which included six other parameters in addition to empirical
antibiotics. The electronic checklist was available to this team, although they were not
specifically shown how to access it. Prompters had no patient care responsibilities, and there
was no contact between prompters and patients. Prompting was directed at the attending and
fellow, and occurred after a care-providing resident’s presentation but before the MICU
team entered the patient’s room. Prompting continued for each patient on a daily basis
(whenever the prompter was present) until MICU discharge.

Electronic Checklist—The other MICU team used a checklist embedded within the EHR.
This checklist was developed to provide a centralized source of information on antibiotic
utilization in addition to six other parameters (Supplemental Figure 1). Actively used
antibiotics are automatically listed, including name, dose, and schedule. A question asks
“Can antibiotic coverage be stopped or narrowed today?” with radio buttons for a provider
to indicate a response. Attendings and fellows randomized to the electronic checklist arm
were instructed at the beginning of their rotation on the location of the checklist within the
EHR and how to complete it; they were encouraged to use the checklist daily for each
patient. After this initial instruction, no further encouragement was given. Completion of the
electronic checklist required providers to 1) remember to use the checklist, 2) access the
checklist in the EHR, 3) review the antibiotic section, and 4) electronically sign. No daily
electronic prompt to complete the checklist was generated and no forcing function to
complete the electronic checklist was used. The checklist was accessible by searching for
“ICU checklist” in an order box within the EHR. The simplified paper checklist was also
available to this team.

Outcome assessment
The a priori primary outcomes were differences between electronic checklist and prompted
group patients in empirical antibiotic duration and the proportion of antibiotic-days on
which empirical antibiotics were used during ICU stay. Empirical antibiotics were defined
as any antimicrobial agent administered without culture-documented infection.[8] Secondary
outcomes included: physician-reported indication for antibiotics (definitions were based on
the 2005 International Sepsis Forum consensus statement and the 2008 Society of Critical
Care Medicine’s guideline for evaluating fever in the critically ill) (Supplemental Table 1);
distribution of antibiotics used; microbial culture and other pertinent diagnostic test results;
ICU and hospital mortality; ICU and hospital length of stay; and Acute Physiology and
Chronic Health Evaluation (APACHE) IV predicted mortality and length of stay.[19–22]
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We also measured the frequency of prompting in the prompted group and how often
prompting led to a change in management, and the electronic checklist completion rate. Data
were obtained by direct observation by research personnel or from the EHR or Northwestern
Enterprise Data Warehouse (EDW).

Statistical Analysis
Descriptive data are summarized as mean (standard deviation, SD), median [interquartile
range, IQR], or number (%). We used a χ2 test to compare categorical variables, and
Student’s t test or Wilcoxon rank-sum tests to compare continuous variables, as appropriate.

The prior study results for the mean (SD) proportion of antibiotic-days on which empiric
antibiotics were used were as follows: prompted 0.77 (0.32), control 0.91 (0.29).[8]
Assuming a two-sided α=0.05 and power 1−β=0.80 and equal sample sizes, a sample size of
75 patients per group would be required to detect this difference. While our study duration
was limited to minimize crossover of physicians between the types of prompting, the
number of admissions during the anticipated study period provided adequate power to
demonstrate this difference.

We constructed a logistic regression model to adjust hospital mortality for APACHE IV
predicted hospital mortality and ICU admission diagnosis. We constructed a separate
logistic regression model to assess whether empirical antibiotic duration is associated with
risk-adjusted hospital mortality. Differences are expressed as the odds ratio (OR) for death
with 95% confidence intervals (CIs). We calculated standardized mortality ratios (SMR,
observed/APACHE IV predicted mortality) reported with 95% CIs. Regression analysis was
used to adjust ICU length of stay for APACHE IV predicted length of stay (LOS). All tests
are two-tailed, and a P value of <0.05 was considered significant. Analyses were performed
using Stata (version 11, College Station, TX).

RESULTS
Two hundred ninety-six patients were included (Figure 1). Baseline characteristics are
shown in Table 1.

Empirical antibiotic outcomes
Empirical antibiotics were administered on a lower proportion of patient-days in the
prompted compared to electronic checklist group (63.1% vs. 70.0%, P=0.002). A trend
toward a lower mean (SD) proportion of antibiotic-days on which empirical antibiotics were
administered was also found in the prompted group (0.78 [0.27] vs. 0.83 [0.27], P=0.093)
(Table 2).

Empirical antibiotic duration was associated with an increase in risk-adjusted hospital
mortality (OR per additional empirical antibiotic day 1.14, 95% CI 1.05–1.23, P=0.002).
Using empirical antibiotic duration of 1–3 days as a reference, empirical antibiotic duration
≥ 7 days was associated with increased risk-adjusted hospital mortality (OR 3.2, 95% CI
1.5–6.8, P=0.002). Empirical antibiotic duration of 4–6 days was not associated with a
change in risk-adjusted mortality (OR 1.3, 95% CI 0.55–3.1, P=0.55).

We performed sub-analyses of empirical antibiotic outcomes stratified by the likelihood of
infection. A significantly lower proportion of patient-days on which empirical antibiotics
were administered occurred in the prompted group compared to control for patients with
possible infection/empirical indication (65.7% vs. 73.0%, P=0.002) (Table 3). No
differences in empirical antibiotic utilization were found in patients classified as having
definite or probable infection.
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In the electronic checklist arm, thirty-five patients did not have electronic checklist
completion data in the EDW; all of these patients had an ICU LOS less than 24 hours. An
electronic checklist was completed on 166 patient-days; when the electronic checklist was
completed, 16 (9.6%) patient-days were associated with narrowing or discontinuing
empirical antibiotics.

In the prompted arm, a prompter was present on 72% of study days. Fifty-five patient-days
required prompting to address empirical antibiotic utilization. When prompting occurred, 24
(43.6%) patient-days were associated with subsequent narrowing or discontinuing of
empirical antibiotics (comparison with electronic checklist rate, P<0.001). Vancomycin was
the most common antibiotic requiring prompting.

Clinical outcomes
As shown in Table 4, no difference in median [IQR] ICU LOS was found between prompted
and electronic checklist groups (2.6 [1.5–6.9] days vs. 2.8 [1.7–6.5] days, P=0.27). In
regression analysis, group assignment did not predict risk-adjusted ICU LOS (P=0.90).

No significant difference in unadjusted hospital mortality between the prompted and control
groups was found (17.5% vs. 24.0%, P=0.17). The electronic checklist group had higher
APACHE IV predicted mortality compared to the prompted group (34.2% vs. 27.5%,
P=0.043). However, the SMR (95% CI) for both the prompted (0.64 [0.43–0.92]) and
electronic checklist (0.70 [0.47–1.0) groups were both significantly lower than 1.0 (P<0.05
for both comparisons) but not different between the two groups (Table 4).

DISCUSSION
In this study, prompting physicians was superior to unprompted use of an electronic
checklist in reducing empirical antibiotic administration to critically ill patients. This
outcome was observed for both the proportion of patient-days on which empirical antibiotics
were administered and the proportion of all antibiotics that were administered empirically.

These results support the importance of real-time prompting to achieve beneficial change in
critical care physician decision-making, building on prior pre/post research that
demonstrated a similar impact of real-time reminders.[23, 24] The electronic checklist did
not incorporate real-time reminders or alerts, nor did it necessarily elicit peer-to-peer
discussion. Consequently, even when conscientious physicians completed the electronic
checklist, a change in management (checking “Yes” to a question about whether antibiotics
could be discontinued or narrowed) only occurred on 9.6% of patient-days. In contrast, face-
to-face, real-time prompting led to a change in management on 43.6% of patient-days.

We believe this striking discrepancy speaks to mechanisms critical for physicians to change
their decision-making behavior, particularly for more nuanced decisions such as antibiotic
treatment of critically ill patients or readiness to wean from mechanical ventilation. An
electronic checklist can effectively integrate data and may be very effective for more
discrete or single point-in-time decisions, such as need for stress ulcer prophylaxis or type of
deep venous thrombosis prophylaxis. An electronic checklist is clearly a more scalable
intervention than the physical presence of a physician whose sole purpose is to prompt other
physicians on rounds. While others have shown that standardization and checklists may
improve care, our study suggests that an intervention without mechanisms to prompt both
completion and response to checklist items compromises the potential for real POC or
clinical benefits.
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We chose to investigate the burden of empirical antibiotics based on our prior experience
with this POC measure and its known impact on clinical outcomes.[8, 9] Others report
similar adverse effects of excessive empirical antibiotics in the ICU.[14–17, 25–32] Our
study supports these prior findings by demonstrating that each one day increase in empirical
antibiotic duration is associated with a 14% relative increase in risk-adjusted mortality, and
that fewer empirical antibiotics are not associated with worse clinical outcome.

We also focused on empirical antibiotics because antibiotic management in the critically ill
is a complex decision matrix, with a great degree of diagnostic uncertainty. In addition, the
decision to continue or change empirical antibiotics is made daily with the default decision
generally to continue. We correspondingly found a greater effect of prompting in patients
who did not have probable or definite infection. Other strategies can counteract this
tendency to continue empirical antibiotics, such as automatic stop orders and pharmacist-
driven protocols, but may put the patient at risk for missed therapy and induce conflict
between medical services based on competing priorities.[33, 34] One advantage of face-to-
face prompting may be more extensive conversation between multiple services.

Comparing this study with our previous study, which compared face-to-face prompting to a
paper checklist for six POC parameters in the same MICU two years prior to the current
study, reveals important observations.[8] The mean proportion of empirical antibiotics
administered to patients in the electronic checklist group in this study was identical to that of
patients whose physicians were prompted in our prior study, and significantly lower than the
prior study’s paper checklist control group. The percentage of patient-days on which
empirical antibiotics were administered was similar in the electronic checklist group in this
study and the prompted group in the prior study (70.0% vs. 72.1%).

These similarities may be due to a retained culture change regarding the adverse effects of
excessive empirical antibiotics that was adopted by our physicians and persisted for the two
years between studies. Results of the original study, particularly concerning empirical
antibiotics, were widely discussed among our physicians, nurses, pharmacists, and other
staff. Sustained culture change is consistent with the findings in the electronic checklist arm
of this study, with both decreased empirical antibiotic use and corresponding lower SMR
than the prior control group. In addition, the equivalent empirical antibiotic use in the prior
study prompted group and the current study electronic checklist group suggests that the prior
results were unlikely to be due to a Hawthorne effect from having research personnel on
rounds.

However, lower baseline empirical antibiotic use and SMR are the most likely explanation
for a lack of significant differences between study arms in associated mortality or LOS as
compared to our previous study. Multiple other factors affect mortality and LOS in the
critically ill, and we may have achieved the maximal mortality and LOS benefits of
decreased empirical antibiotic use with the degree of changes induced by the prior study. It
is possible that reducing empirical antibiotic utilization has an impact on other outcomes,
such as lowering the risk of future antibiotic resistance or cost.

There are several potential limitations. As a single-center study, the generalizability of the
results may be limited in other ICUs and non-ICU settings. Second, the study population
was relatively small; we limited the length of the study to minimize crossover of physicians
between the two teams. While some crossover did occur (two weekday and three weekend
attendings out of 19 total attendings; one weekday fellow out of 10 total fellows), we believe
this was minimal and any crossover would likely bias the results toward the null, leading to
underestimation of the magnitude of treatment effect. Relatedly, a cross-over study design
was not entertained due to concern about the length necessary for a wash-out period. Third,
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randomization was performed at the level of the ICU team. Since the intervention was
targeted to attendings or fellows, lack of clustering by physician could have influenced
results. However, as described previously, patients are cared for by multiple attending
physicians during their ICU stay since physicians rotate “on-service” frequently.[9] No
established method exists to account for clustering when multiple providers per patient are
involved. This likely diminishes the influence of any individual physician, making the lack
of clustering less significant. Fourth, this study was not powered to detect differences in
length of stay or mortality. Finally, team characteristics or individual practice patterns could
differ by team, leading to confounding. However, this concern is mitigated in part by
multiple physicians caring for many patients described above.

Future studies should seek to merge the advantages of automated information delivery with
a mechanism of prompting physicians to use that information. We believe a face-to-face,
multidisciplinary discussion of complex POC issues is optimal. However, the prompting
mechanism we have developed, which relies upon resident physicians independent of the
care-providing multidisciplinary ICU team, is impractical outside the research setting.
Successful implementation interventions with tele-ICU alerts from a command center
physician or another form of external support are equivalent strategies but are also expensive
and require availability of more senior level physicians.[7, 10] Whether designating other
existing members of the team—midlevel providers, nurses, or pharmacists—as prompters is
as effective as physician-to-physician prompting is unknown and would add new
responsibilities to these providers. An electronic prompting system embedded within the
EHR could combine real-time reminders with the advanced data collection and integration
capabilities of the modern EHR. However, real-time electronic prompting would remove the
personal aspects of direct prompting and could promote alarm fatigue. Comparative
effectiveness of these approaches deserves investigation in future studies.

CONCLUSIONS
Previously we showed that prompting reduced the proportion of empirical antibiotics
administered to critically ill patients compared to the unprompted use of a paper checklist; in
this study, prompting was superior to an unprompted checklist embedded in the EHR.
Compliance with the electronic checklist was low. Furthermore, prompting was associated
with a more than 4-fold increase in the rate of decision-making behavior change. No
improvements in LOS or mortality were demonstrated, but the study was underpowered for
these outcomes. Real-time prompting is a POC intervention that has significant benefits for
the care of critically ill patients.

Supplementary Material
Refer to Web version on PubMed Central for supplementary material.
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Figure 1.
Patient flowchart based on CONSORT diagram.
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Table 2

Primary outcomes.

Outcome Electronic checklist (N=125) Prompted (N=171) P Value

Patient-days on which empirical antibiotics were used, no. (%) 498/711 (70.0) 702/1112 (63.1) 0.002

Proportion of antibiotic-days on which empirical antibiotics were used,

mean (SD)a
0.83 (0.27) 0.78 (0.27) 0.093

Empirical antibiotic duration (d), median [IQR] 3 [2–4] 3 [1–5] 0.27

Total antibiotic duration (d), median [IQR] 4 [2–8] 4 [2–7] 0.65

a
Empiric antibiotic-days/total antibiotic-days.
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Table 4

Clinical outcomes.

Outcome Electronic checklist (N=125) Prompted (N=171) P value

ICU LOS, days 2.8 [1.7–6.5] 2.6 [1.5–6.9] 0.27

Hospital LOS, days 9.6 [5.9–15.8] 11.8 [5.9–22.8] 0.18

Hospital mortality, no. (%) 30 (24.0) 30 (17.5) 0.17

SMR (95% CI)a 0.70 (0.47–1.0) 0.64 (0.43–0.92)

Adjusted odds of death (95% CI)b Reference 0.90 (0.47–1.7) 0.75

Ventilator-free and alive at day 28, days 20.3 [0–25.9] 21.9 [13.5–25.7] 0.36

a
Observed/APACHE IV predicted mortality. P<0.05 for comparisons with SMR=1.0.

b
Adjusted for APACHE IV predicted mortality, ICU admission diagnosis.
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