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Purpose: To determine whether the implementation of a pharmacist-run, 
real-time electronic health record (EHR) antimicrobial report reduces the 
frequency of delays in subsequent antibiotic medication administration 
timing in patients in the emergency department (ED).

Methods: A single-center, retrospective, pre-and-post quasi-experimental 
study was conducted between July and December 2021 following the im-
plementation of an antimicrobial EHR report of adult patients presenting to 
the ED who were continued on antibiotic therapy after receiving a one-time 
dose of an antibiotic in the ED. The primary objective was to determine the 
impact of the pharmacist-run, real-time EHR antibiotic dosing report in the 
ED on reducing the number of major delays in subsequent antibiotic ad-
ministration times. A subanalysis of the primary outcome was performed 
to evaluate differences in major delays based on specific dosing intervals 
of 6, 8, and 12 hours.

Results: A total of 521 subsequent antibiotic dosing orders from 273 pa-
tient encounters were analyzed, with major delays in subsequent antibiotic 
dosing administration times identified in 20% of the intervention group com-
pared to 27% of the control group (P = 0.047). Major delays were also sig-
nificantly decreased in the intervention group compared to the control group 
for antibiotics dosed at 8-hour intervals (18% vs 32%; P = 0.026). No signifi-
cant difference in delays was observed between the groups for antibiotics 
dosed at 6-hour intervals (18% vs 27%) or 12-hour intervals (29% vs 21%).

Conclusion: Implementing a real-time EHR antimicrobial report run by 
pharmacists in the ED was associated with significantly fewer major de-
lays in subsequent antibiotic dosing following a first dose.

Keywords: antibiotic administration delays, boarding, emergency depart-
ment, emergency medicine pharmacist, pharmacovigilance
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Antibiotics are among the most com-
monly prescribed medications in 

the emergency department (ED), and 
timely administration of these agents 
has been proven to be crucial.1,2 The 
Surviving Sepsis Campaign (SSC) 
strongly suggests administration of anti-
biotics within 1 hour of diagnosis of 
sepsis or septic shock due to the asso-
ciation of each hour of delay with an in-
crease in mortality.3 A systematic review 
found that hospitalized patients with 

severe bacterial infections who experi-
enced delays in appropriate antimicro-
bial therapy had a significantly higher 
mortality rate than those without delays.4 
While the SSC focuses heavily on time to 
first antibiotic dose, there is no mention 
of the importance of subsequent dosing. 
To date, few studies have evaluated the 
impact of antibiotic redosing delays on 
clinical outcomes such as mortality, 
length of stay, and mechanical ventila-
tion. In a retrospective analysis of 1,075 

Evaluation of the impact of a pharmacist-run 
antimicrobial report in reducing delays in subsequent 
antibiotic administration in patients in the emergency 
department
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patients with severe sepsis or septic 
shock, 31% of patients had delayed ad-
ministration of a second dose of anti-
biotics. The investigators identified an 
association of increased odds of delay 
with ED boarding and shorter dosing 
intervals, but delays were not associated 
with any increase in mortality.5 Another 
retrospective analysis demonstrated sig-
nificant delays in timing of the second 
dose of antibiotics in 33% of cases, and 
these delays were associated with in-
creased mortality and a need for mech-
anical ventilation. The authors identified 
antibiotics with more frequent dosing 
(every 6 to 8 hours) and ED boarding at 
the time of the second dose as factors 
associated with delay.6 Another study 
specifically evaluated the in-hospital 
mortality of patients admitted from the 
ED who received delayed second-dose 
antibiotic administration and the risk 
factors associated with these delays. 
Delays occurred in 21% of patients and 
were associated with increased odds of 
in-hospital mortality. ED boarding for 
more than 4 hours was identified as a 
risk factor for these delays.7 A more re-
cent retrospective study found no dif-
ference in the incidence of second-dose 
antibiotic delays in ED patients admitted 
with sepsis who had an ED length of stay 
of less than 6 hours (30.3%) compared to 
those with an ED length of stay of more 
than 6 hours (24.1%). In-hospital mor-
tality was numerically higher, but not 
statistically significantly so, in patients 
with redosing delays compared to those 
without such delays (18.9% vs 8.8%).8 
While these studies reported conflicting 
results, each study found that delays 
in second-dose administration were 
common, especially in patients boarding 
in the ED.5-8

ED boarding is defined as a patient 
who is admitted or placed into an ob-
servation status but remains physically 
in the ED due to low or nonexistent 
availability of bed space. With ED 
boarding times becoming a rising con-
cern, there is a need for continuity and 
standardization of care in antimicrobial 
redosing.9 Data support negative clin-
ical outcomes, such as in-hospital mor-
tality, medication delays, medication 

errors, and increased lengths of stay, 
with increased ED boarding times.10-

14 A large retrospective study found 
increased odds of hospital mortality 
when antibiotic doses were delayed 
by 1.5 to 2 hours or by 2 to 2.5 hours 
in ED patients with suspected sepsis.15 
Although increased ED boarding times 
have been associated with major de-
lays in subsequent antibiotic dosing, 
few strategies have been identified to 
combat such delays.

Clinical pharmacist presence and 
involvement in the ED has been shown 
not only to promote early and appro-
priate antimicrobial therapy, but also 
to decrease the time to administration 
of intravenous antibiotics for septic pa-
tients.16-20 Recent data support the ex-
pansion of emergency medicine (EM) 
pharmacists’ scope of practice to allow 
the reordering of continued antibiotic 
therapy for patients boarding in the ED 
as a means to decrease major delays in 

therapy, and this study also found a sig-
nificantly lower incidence of in-hospital 
mortality following expansion of the 
pharmacist scope of practice.21 Instead 
of expanding the scope of practice of 
pharmacists at our instution, we de-
veloped a real-time electronic health 
record (EHR) antibiotic dosing report 
to allow EM pharmacists to quickly 
identify and assess patients in need of 
subsequent antibiotic doses to prevent 
major delays in their care.

The primary objective of this 
study was to evaluate the ability of a 
pharmacist-run, real-time EHR anti-
biotic dosing report in the ED to reduce 
the number of major delays in subse-
quent antibiotic administration times.

Methods

Study design. This study was con-
ducted at an 803-bed tertiary care level 
1 trauma and burn center that has ap-
proximately 65,000 ED patient visits per 
year, with an admission rate just over 
30%. At the time of this study, the ED 
was consistently staffed 17 hours a day 
by EM pharmacists (day shift from 7:00 
am to 3:30 pm and evening shift from 
2:00 pm to 12:00 am), 7 days a week. This 
retrospective, quasi-experimental pre-
and-post quality improvement pro-
ject captured all adult patients in the 
ED who were continued on antibiotic 
therapy after receiving a one-time dose 
of an antibiotic in the ED. A real-time 
EHR antimicrobial report was devel-
oped with the assistance of the phar-
macy analytics and outcomes team, 
with a go-live date of report utilization 
by all pharmacists covering in the ED 
of September 10, 2021. This was con-
sidered a real-time report as it captured 
any antimicrobial order immediately 
after it was placed and could be run at 
any time throughout the day by phar-
macists. Epic (Epic Sysems, Verona, 
WI) was the EHR software system that 
was utilized by our institution and the 
platform in which this report was de-
veloped. This real-time report captured 
the following data for patients phys-
ically located in the ED: patient name 
and medical record number, chief 
complaint, room/bed number, service, 

KEY POINTS
•	 Delays in subsequent anti-

biotic administration times 
have been demonstrated to 
have negative clinical out-
comes for emergency depart-
ment (ED) patients, but there 
is no consensus on a strategy 
or protocol to combat such 
delays.

•	 A real-time electronic health 
record (EHR) antimicrobial re-
port was developed to stream-
line pharmacovigilance in 
identifying patients in need of 
subsequent antibiotic doses.

•	 Implementation of a real-time 
EHR antimicrobial report in the 
emergency medicine pharma-
cist workflow is effective in 
reducing major delays in subse-
quent antibiotic administration 
and has the potential to cor-
relate with better patient out-
comes.
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order name, order route, order fre-
quency, administration date and time, 
order status, creatinine clearance (CL

cr
) 

level if available, and serum creatinine 
level if available (Figure 1). The report 
was generated to include all antimicro-
bial doses ordered within the previous 
24 hours for patients actively located in 
the ED, including one-time orders and 
scheduled regimens. At our institution, 
it is common practice in the ED for pro-
viders to place only a one-time order for 
an antibiotic while a patient undergoes 
further workup and their disposition is 
planned. This report was designed to 
optimize the pharmacist workflow to 
quickly identify patients in need of sub-
sequent antibiotic doses.

EM workflow implementation. 
The antimicrobial report was utilized 
only during the specified hours of EM 
pharmacist coverage each day. EM 
pharmacists and other cross-trained 
clinical pharmacists who cover in the 
ED were sent multiple communica-
tions regarding how to access and 
utilize the report appropriately via 
email before the go-live date. During 
their designated shift, the EM pharma-
cist was expected to run the report at 
least once. Because of variations in 
acuity and census in the ED, the spe-
cific time at which the report was run 
by each pharmacist was not standard-
ized. Once the report was generated, 
renal function and the appropriate-
ness of antibiotic selection and dosing 
were to be assessed for each patient 
using the functionality of this report. 
With the report, the EM pharmacist 
would then determine the appropriate 

timing of the next antibiotic dose 
based on renal function or whether 
changes to the regimen should be 
made (dose, frequency, or antibiotic 
agent). If the patient required a sub-
sequent dose of their antibiotic(s) that 
had not yet been ordered by the pro-
vider or if the regimen needed to be 
adjusted based on renal function, the 
EM pharmacist would reach out to the 
provider, either via EHR chat function 
or in person, to ensure the next dose 
was ordered within the appropriate 
time window based on our hospital 
dosing interval protocol. The institu-
tional antimicrobial dosing protocol 
is heavily focused on CL

cr
 and indica-

tion and is updated on a yearly basis 
to reflect the most up-to-date clinical 
recommendations by our antimicro-
bial stewardship team. Accordingly, 
providers are required to select the 
indication for antibiotic use when or-
dering initial doses. Following con-
firmation with the provider, an order 
would be placed by either the provider 
or EM pharmacist for subsequent anti-
biotic doses to be administered if con-
tinuation of therapy was deemed to be 
warranted.

In the ED at our institution, many 
commonly prescribed antibiotics are 
on an autoverify list and therefore are 
not reviewed by a pharmacist before 
administration. Thus, upon reviewing 
the antimicrobial report, it is expected 
that EM pharmacists also assess the ap-
propriateness of the regimen selected 
based on any pertinent laboratory re-
sults or culture data, vital signs, and 
diagnostic imaging.

Study population. We included 
adult patients (18 years or older) who 
received a one-time dose of an anti-
biotic in the ED (Figure 2). Only intra-
venous antibiotics with a 4-, 6-, 8-, or 
12-hour dosing interval were included. 
Additionally, we included the most 
commonly prescribed antibiotics in 
our ED: ampicillin, cefazolin, cefepime, 
ceftriaxone, meropenem, metronida-
zole, piperacillin/tazobactam, and 
ampicillin/sulbactam. Patients were 
excluded if antibiotics were not con-
tinued following administration of the 
first dose, if a patient died or was dis-
charged after the initial dose, if anti-
biotic therapy was escalated from the 
initial regimen, if the patient was no 
longer physically located in the ED at 
the time their subsequent dose was 
due, or if the patient was on dialysis. 
We also excluded antibiotics that have 
pharmacokinetic dosing protocols with 
variable dosing and frequencies, such 
as vancomycin.

Data collection. Data were 
obtained retrospectively by chart re-
view and analysis in our EHR system 
for all patients who received at least 
one dose of an antibiotic agent in the 
ED. A 2-month interval was selected 
for the preintervention period (July to 
August 2021) and the postintervention 
period (November to December 2021). 
If patients met the inclusion criteria, a 
pharmacist retrospectively reviewed all 
subsequent doses of antibiotics given 
based on EHR-recorded order veri-
fication and administration times to 
assess whether the antibiotic was ad-
ministered within a 2-hour window 

Figure 1. Real-time electronic health record–generated antimicrobial report.
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with respect to its appropriate interval. 
If antibiotic therapy was de-escalated, 
the subsequent dose with the new 
antibiotic was evaluated and assessed 
for major delays based on the fre-
quency of the initial antibiotic. The pri-
mary outcome assessed whether our 
pharmacist-run, real-time EHR anti-
biotic report reduced the number of 
major delays in subsequent antibiotic 
administration times. Major delay was 
defined as an administsration time 
following the first dose outside of a 
2-hour window with respect to the re-
commended dosing interval for each 
specific antibiotic, taking into account 
patient-specific factors. A subanalysis 
of the primary outcome was performed 
to evaluate differences in major delays 
based on specific dosing intervals of 6, 
8, and 12 hours. Secondary outcomes 
evaluated included differences in major 
delays during times when there is no 
clinical pharmacist coverage in the ED. 
Other pertinent baseline characteris-
tics were collected, including the ED 
length of stay, initial vitals, white blood 
cell count, mechanical ventilation, and 
vasopressor use while in the ED.

Data analysis. A χ2 test was util-
ized to analyze categorical variables, 
and a t test was utilized to analyze 
continuous variables. Baseline char-
acteristics were summarized with 
descriptive statistics using Excel 

(Microsoft Corporation, Redmond, 
WA). A P value of <0.05 was deter-
mined to be statistically significant for 
all data points.

Human subjects compliance. 
This project was deemed to be exempt 
by the institutional review board as it 
was a quality improvement project.

Results

A total of 521 subsequent antibiotic 
orders from 273 unique patient en-
counters were included in this study. 
Baseline characteristics were similar 
between the groups (Table 1). The 
mean age was 58 years in the inter-
vention group and 60 years in the 
control group. Male patients made 
up 52% of the patient population in 
both groups. Patients who presented 
to the ED and received antibiotics on 
multiple occasions during this time 
period were evaluated independently 
for each patient encounter. The ma-
jority of patients received antibiotics 
with a 6- or 8-hour frequency after 
adjusting appropriately for renal func-
tion. An International Classification 
of Diseases, 10th Revision, Clinical 
Modification code for sepsis was found 
for approximately 10% of patients in 
both arms, and the most common in-
dication for antibiotic use in both arms 
was infection with an unknown source, 
followed by intra-abdominal infection 

and skin and soft tissue infection 
(Table 2). Vasopressors were utilized in 
8% of patients in both arms, and 5% of 
patients were mechanically ventilated. 
The mean ED length of stay was 22.4 
hours in the intervention arm and 28.4 
hours in the control arm.

When assessing the number of anti-
biotic orders that were redosed during 
the patient’s stay in the ED, the inter-
vention group had fewer overall orders 
(213) than the control group (308). The 
most common frequency of antibiotic 
administration for both groups was an 
8-hour (43%) or 6-hour (40%) interval 
(Table 3). Each interval was determined 
utilizing patient-specific parameters 
including antibiotic indication and an 
established institutional renal dosing 
guideline.

Following the first dose of antibiotic 
administration in the ED, the freqiemcy 
of major delays in subsequent doses 
was significantly higher in the control 
group (27%) than in the intervention 
group (20%; P = 0.047) (Table 4). When 
assessing these delays based on specific 
frequency intervals, there were more 
delays in the control arm at 6 hours (27% 
vs 18%; P = 0.138) and 8 hours (32% vs 
18%; P = 0.026) (Figure 3). In the time 
period where a clinical pharmacist was 
not covering the ED, there were major 
delays for 24% of redosed antibiotic ad-
ministration times in the control arm 
compared to 15% in the intervention 
arm (P = 0.14) (Figure 4). No significant 
differences in major delays in admin-
istration were identified based on the 
timing of order placement and verifica-
tion by a pharmacist.

Discussion

To our knowledge, this is the first 
study evaluating the impact of a real-
time EHR antimicrobial report util-
ized by pharmacists on major delays 
in subsequent antibiotic dosing in the 
ED. Implementation of this report led 
to a statistically significant decrease 
in the number of major delays in sub-
sequent antibiotic dose administra-
tion in the ED. Before the go-live of 
this report, ED pharmacists routinely 

Figure 2. Consort diagram. ED indicates emergency department.
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identified patients in need of subse-
quent antibiotic doses via standard 
profile review of each patient, which 
was often time consuming, with op-
portunities for redosing easily missed 
during busy times of the day. While 
somewhat reliable, this process was 
not streamlined and the variability of 
acuity in the ED during any given shift 
may have limited the ability of phar-
macists to capture all patients in need 
of subsequent antibiotic doses in a 
timely manner. The standardization 
of this process and ease of use of the 
real-time EHR antimicrobial report to 
streamline pharmacovigilance likely 
led to a decrease in major delays in 
subsequent antibiotic dosing, although 
fluctuations in volume and acuity may 
have impacted the timing with which 
the report was run each shift. While 
our institution currently does not have 
24-hour pharmacist coverage in the 
ED, we assessed the utility of this report 
to determine whether our impact on 
major delays in subsequent antibiotic 
dose administration would also be re-
flected in the 7-hour timespan when no 
clinical pharmacist is available to care 
for ED patients. We found a numerical 

Table 1. Demographic Variables Per Patient Encounter

Variablea Intervention group (N = 128) Control group (N = 145) P value 

Age, mean (SD), years 58 (19) 60 (18) 0.364

Male sex 67 (52) 75 (52) 0.912

Serum creatinine, mean (SD), mg/dLb 1.19 (1.01) 1.41 (1.47) 0.154

White blood cell count <4,000/μL or >12,000/μLb 60 (47) 68 (47) 1

Temperature <36 °C or >38 °Cb 15 (12) 16 (11) 1

Systolic blood pressure ≤100 mm Hgb 14 (11) 19 (13) 0.710

Diastolic blood pressure ≤60 mm Hgb 18 (14) 28 (19) 0.262

Heart rate >90 beats/minb 74 (58) 79 (54) 0.626

Lactate >18 mg/dLb 37 (29) 42 (29) 1

ICD-10 sepsis code 11 (9) 16 (11) 0.547

Vasopressor usage 10 (8) 11 (8) 1

Mechanical ventilation 7 (5) 7 (5) 1

ED LOS, mean (SD), hours 22.4 (11.1) 28.4 (12.8) <0.05

Abbreviations: ED, emergency department; ICD-10, International Classification of Diseases, 10th Revision, Clinical Modification; LOS, length of 
stay.
aData shown as No. (%) unless indicated otherwise.
bInitial reading of laboratory results or vital signs.

Table 2. Indication for Antibiotic Therapy

Diagnosisa 
Intervention 
group (N = 128) 

Control group 
(N = 145) P value 

Unknown source 24 (19) 36 (25) 0.244

Intra-abdominal infection 23 (18) 33 (23) 0.087

Skin and soft tissue infection 22 (17) 20 (14) 0.503

Urinary tract infection 7 (5) 14 (10) 0.256

Pneumonia 14 (11) 13 (9) 0.686

Otherb 38 (30) 29 (20) 0.068

aData shown as No. (%) unless indicated otherwise.
bAnaerobic infections, bloodstream infection, bone/joint infection, central nervous system 
infection, or neutropenic fever.

Table 3. Frequency of Subsequent Antibiotic Doses Ordered in the 
Emergency Department

Frequency of anti-
biotics ordereda 

Intervention 
group (N = 213) 

Control group  
(N = 308) P value 

4-hour interval 3 (1) 1 (0.3) 0.309

6-hour interval 94 (44) 117 (38) 0.174

8-hour interval 93 (44) 130 (42) 0.787

12-hour interval 21 (10) 58 (19) 0.006

24-hour interval 2 (1) 3 (1) 1

aData shown as No. (%) unless indicated otherwise.
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decrease in delays in the intervention 
arm during this specified time period, 
although the decrease was not statis-
tically significant. This is likely due to 
the evening ED pharmacist utilizing 
the report at the end of their shift to en-
sure that follow-up antibiotic doses are 

ordered, if warranted, during hours that 
are not covered by an EM pharmacist.

A reduction in the frequency of 
major delays for second-dose anti-
biotics, as well as a decreased incidence 
of in-hospital mortality, has previously 
been shown with the expansion of EM 

pharmacists’ scope of practice.20 While 
our study did not change the scope of 
our pharmacists’ practice, we did im-
plement a report to assist our phar-
macists in quickly identifying patients 
in the ED receiving antibiotics who 
might require intervention. Our study 

Table 4. Primary and Secondary Endpoints

Endpointsa Intervention Control P value 

Primary endpoints

Major delays 42/213 (20) 84/308 (27) 0.047

 � 6-hour frequency 17/94 (18) 31/116 (27) 0.138

 � 8-hour frequency 17/93 (18) 41/130 (32) 0.026

 � 12-hour frequency 6/21 (29) 12/58 (21) 0.461

Secondary endpoints

Major delays during time period without pharmacist coverage
(administration time)

12/79 (15) 27/113 (24) 0.14

Major delays during time period without pharmacist coverage  
(time ordered)

2/79 (3) 5/113 (4) 0.490

aData shown as No. (%) unless indicated otherwise.

Figure 3. Major delays by frequency of antibiotic regimen.
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also demonstrates that this is a useful 
quality improvement approach if the 
scope of practice may not be changed 
or this may not be implemented at an 
institution promptly.

One study evaluating the time be-
tween administration of the first and 
second doses of an antibiotic and the 
frequency of delays among septic pa-
tients found that 33% of patients ex-
perienced major delays.6 While our 
study did not assess only septic pa-
tients, the percentage of major delays 
found in our control arm was similar to 
that observed previously. The investiga-
tors also found an association between 
major delays in antibiotic dosing and 
increased in-hospital mortality, length 
of stay, and mechanical ventilation.6 
Although we did not evaluate these 
outcomes in our study, these data indi-
cate the need for an intervention such 
as our real-time EHR antimicrobial 
report to most effectively provide con-
sistent and detailed monitoring of such 
patients.

Limitations. This study had sev-
eral limitations. First, this evaluation 
was retrospective in nature, was con-
ducted at a single center with a rela-
tively small sample size, and had 
short pre- and postintervention study 
periods of 2 months. Additionally, we 
were unable to document and track 
interventions in real time. Subsequent 
antibiotic doses may have been en-
tered by providers without a pharma-
cist recommendation, and this 
ultimately could not be captured in 
our data. Before the implementation 
of this report, pharmacists working 
in the ED were actively performing 
chart review and assessing antibiotic 
dosing intervals to prevent delays in 
care and assist our providers in or-
dering subsequent doses, which may 
have positively skewed the control 
data. Because of the volume of anti-
biotic orders in our ED, we had to 
limit the scope of the data to the intra-
venous antibiotics that are most com-
monly prescribed and utilized in our 

ED and exclude any oral antibiotics. 
Vancomycin was not included in this 
analysis because of its pharmacokin-
etic dosing parameters, as mentioned 
previously, but is reportedly one of 
the most common antibiotics used in 
the ED. Patients who had therapy es-
calations from their initial antibiotic 
selection were also excluded from 
our study. Because of pharmacist 
awareness of the implementation of 
this report, there was strong poten-
tial for implicit bias as pharmacists 
could have been more vigilant overall 
during the study period, regardless of 
implementation of any reporting tool. 
Additionally, we did not collect data 
on the average times or magnitude of 
the delays in this study, which would 
have been a valuable contribution to 
the existing literature. Another limita-
tion of this evaluation was that, once 
patients were no longer physically lo-
cated in the ED, they were no longer 
pulled into the report; therefore, some 
additional patients may have had 

Figure 4. Major delays in subsequent antibiotic dosing by pharmacist coverage.
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delays in therapy once they were phys-
ically transferred to their respective 
admitting unit.

Conclusion

In summary, our study found that the 
implementation of a real-time EHR anti-
microbial report in the ED utilized by EM 
clinical pharmacists was associated with 
fewer major delays in subsequent anti-
biotic dosing following a first dose. These 
findings contribute to the limited data on 
the importance of pharmacovigilance in 
the ED and have the potential to impact 
morbidity and mortality.
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