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INTRODUCTION
The administration of medications in a timely 

manner is critical in numerous patient populations that 

present to the emergency department (ED) for emergency 

conditions. Acute ischemic stroke, myocardial infarction 

and sepsis are disease processes commonly seen in the 

ED, which have evidence demonstrating that timely 

medication administration improves outcomes.
[1-3]

 The 

Centers for Medicare and Medicaid have endorsed 

and tracked several measures for timely medication 

administration in U.S. hospital emergency departments, 

including medication for acute myocardial infarction and 

pneumonia.
[4]

Sepsis is a disease process in which timely antimicrobial 
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BACKGROUND: Numerous medical conditions require timely medication administration in the 

emergency department (ED). Automated dispensing systems (ADSs) store premixed common doses 

at the point-of-care to minimize time to administration, but the use of such automation to improved time 

to medication administration has not been studied. Since vancomycin is a commonly used empiric 

antimicrobial, we sought to quantify the effect of using an ADS on time to drug delivery in patients 

presenting to the ED. The study aimed to determine the effi cacy of utilizing an ADS to improve time to 

administration of vancomycin and determine any negative effects on dosing appropriateness.

METHODS: The institional review board approved the retrospective quality improvement study 

took place in a single, urban academic tertiary care ED with an annual census of 80 000. Study 

subjects were all patients receiving vancomycin for the management of sepsis between March 1 to 

September 30, 2008 and the same time period in 2009. The primary outcome was the proportion of 

patients who received vancomycin within one hour of bed placement and the secondary outcome was 

dosing appropriateness.

RESULTS: Sixty-three patients had weight and dosing information available (29 before and 34 

after intervention) and were included in the study. Before intervention, no patient received vancomycin 

in less than 60 minutes, while after intervention 14.7% of the patients received it in less than 60 

minutes (difference in proportions 14.7%, 95% CI 0.39%-30.0%, P=0.04). A similar proportion of 

the patients received correct dosing before and after intervention (44.8% vs. 41.2%, difference in 

proportions 3.7%, 95% CI -20.0%-26.7%, P=0.770).

CONCLUSION: The use of an ADS may improve the timing of medication administration in 

patients presenting to the ED without affecting dosing appropriateness.
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administration is a mainstay of management.
[5]

 Timely 

antimicrobial administration is also a component of the 

resuscitation bundle for septic patients recommended by the 

Surviving Sepsis Campaign.
[6,7]

 Although a conclusive link 

between timing, administration and mortality has not been 

definitively proven,
[2,5,8,9]

 the Surviving Sepsis Campaign 

recommends empiric broad spectrum antimicrobials "as 

early as possible and within the fi rst hour of recognition of 

septic shock and severe sepsis" for patients in an intensive 

care unit (ICU).
[10]

 The current recommendation for 

EDs is to administer antibiotics within three hours of 

recognition.
[10]

 While the timeframe for administration of 

antimicrobials is longer than that in the ICU, the ultimate 

goal is to administer broad spectrum antimicrobials 

rapidly.

Multiple process improvement projects have been 

undertaken to improve the compliance with the Surviving 

Sepsis Campaign guidelines through the use of treatment 

bundles.
[11-15]

 No efforts have specifically targeted 

reducing the time to antimicrobial administration in 

septic patients presenting to the ED.

Medication administration in septic patients in the 

ED is a complex process. First, severe sepsis patients 

must be identified and placed in a bed in the ED. The 

health care team must initiate resuscitation measures, 

obtain adequate vascular access, identify a potential 

source of infection, and then order and administer 

broad spectrum antimicrobials. After the initial order 

for antimicrobials is written by the provider, medication 

orders must be input into the pharmacy computer system, 

occasionally mixed, labeled and taken to the care setting 

from a central pharmacy.

Automated dispensing systems (ADSs) provide 

alternative, rapid access medication storage, and the 

proportion of hospitals utilizing such systems has 

increased from 49% in 1999 to 83% in 2008.
[16]

 ADSs are 

located within the ED and make emergent pharmaceuticals 

rapidly available at the site of care. Considering only 6.8% 

of hospitals have a pharmacist practicing in the ED and 

only 40.7% of ED medication orders are prospectively 

reviewed by a pharmacist, ADS represent a technology 

with an unknown benefit for medication administration 

times in the ED for critically ill patients.
[16]

Our ED administration team decided to place 

a specific antimicrobial, vancomycin, in an ADS in 

the resuscitation bay to attempt to reduce the time to 

administration in septic patients. While vancomycin 

represented a single antimicrobial, its broad use in nearly 

every septic patient at this facility represented a unique 

opportunity to quantify the benefit of a single process 

change on a complex, multifactorial process such as 

medication administration. We hypothesized that using 

an ED-based ADS for dispensing vancomycin would 

increase the proportion of septic patients who are treated 

within 60 minutes of bed placement.

METHODS
Study design and setting

The study was a quasi-experimental study involving 

a retrospective review of medical records for patients 

seen at an urban, academic ED with an annual census 

over 80 000 visits. This study was approved by the local 

institutional review board.

Intervention
Vancomycin is available in the ADD-Vantage 

intravenous medication system (Hospira). This specially 

designed system consists of a vial of powdered intravenous 

medication that is provided in a threaded vial that mates 

with the top of a flexible diluent container. The ADD-

Vantage design keeps the drug and diluent separate 

until the system is activated just prior to administration, 

allowing for a 30-day shelf-life.

The vancomycin ADD-Vantage bags were placed in 

one gram bags in the ADS (Pyxis Med Station version 

3500, Cardinal Health) located in the ED. At the time of 

intervention, the ED staff were trained and educated on 

the availability of vancomycin in the ED.

Selection of participants
Patients were included in the pre-intervention group 

if they presented to the ED between March 1, 2008 and 

September 30, 2008 and those were included in the post-

intervention group if they arrived during the same time 

period one year later. Eligible patients were identifi ed by 

the ED's Committee for Procedural Quality and Evidence 

Based Practice (CPQE) guidelines for sepsis
[17]

 as being 

eligible for early goal directed therapy (EGDT), and had 

vancomycin ordered while in the ED.

CPQE reviewers regularly abstract charts of patients 

with the diagnosis of sepsis by ICD-9 code who presented 

to the ED. In order to be eligible for EGDT, patients must 

meet systemic inflammatory response syndrome (SIRS) 

criteria by having two of the following: heart rate greater 

than 90 beats per minute; respiratory rate above 20 breaths 

per minute or arterial pressure of carbon dioxide less than 

32 mmHg; temperature greater than 38 degrees Celsius 

or less than 36 degrees Celsius; or white blood cell count 

less than 4000 cells/mm
3
 or greater than 12 000 cells/mm

3
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or the presence of greater than 10% immature neutrophils 

(bands). In addition to the SIRS criteria, eligibility for 

EGDT, as defined by the Surviving Sepsis Campaign, 

requires the patient to have a confirmed or suspected 

infectious source and have a lactate level greater than 

or equal to 4 mmol/deciliter or hypotension defined as a 

systolic blood pressure less than 90 mmHg despite a 20 

mL/kg bolus of crystalloid fluid.
[6]

 Patients eligible for 

EGDT had detailed chart reviews by a quality nurse to 

review the specifi c care they received in the ED.

Methods of measurement
Charts for patients determined to be eligible for 

EGDT by the quality nurse were additionally reviewed 

for this study by trained abstractors blinded to study 

hypothesis. A standardized case report form with an 

explicit data dictionary was created to facilitate data 

collection. Abstractors were trained and a pilot review 

was performed to provide abstractors with direct feedback 

on performance. All charts were then reviewed by two 

blinded abstractors. A 10% sample of data abstraction 

forms were randomly selected to check for accuracy. 

Discrepancies were adjudicated by a member of the 

investigative team. Time to administration of vancomcyin 

was defined as the time the patient was placed in a bed 

until administration of vancomycin by the treating nurse. 

If vancomycin was ordered but not administered in the 

ED or the ED length of stay was less than or equal to 60 

minutes, we assumed that the administration time was 

greater than 180 minutes. Appropriate dosing was defi ned 

by hospital pharmacy as 15 mg/kg, rounded to the nearest 

250 mg. Data were double entered into a custom database 

designed for this project (Microsoft Access, Microsoft 

Corporation, Redmond, WA) for analysis.

Data analysis
Patient characteristics are described using medians 

and ranges or frequencies and percents. Comparisons 

between before and after intervention groups used 

the chi-square test or Fisher's exact test. The primary 

outcome for this study was the proportion of patients who 

received vancomycin within one hour of bed placement 

to administration and the secondary outcome was dosing 

appropriateness. Since our institution utilizes a paper-

based system for order entry, clinician medication order 

times are frequently not available. Instead, we utilized 

bed placement time as a surrogate. The proportion was 

compared between before and after intervention. Analyses 

used SPSS version 18.0 (SPSS Inc, Chicago, IL) and 

Microsoft Excel (Microsoft Corporation, Redmond, WA).

RESULTS
During the study, there were 96 patients eligible 

for EGDT, and two were excluded for incomplete data 

(Figure 1). Before intervention, 34/48 (70.8%) patients 

had vancomycin ordered, and after intervention 35/48 

(72.9%) had vancomycin ordered. There were 63/94 

patients eligible for EGDT who had vancomycin ordered 

and ED arrival time recorded (29 before intervention 

and 34 after intervention). The median age was 60 

years (range 37-90 years). In the 63 patients 31 were 

Caucasians and 31 were male. Patient characteristics 

were similar before and after intervention (Table 1).

Figure 1. Represents the assessment of subjects for eligibility for the 
study. Of 393 screened subjects, 96 were eligible, 27 were excluded 
because they did not have complete information or vancomycin was 
not ordered. Six additional subjects were excluded because they were 
ineligible for EGDT. A total of 63 patients were analyzed. EGDT: 
early goal directed therapy.

Assessed for eligibility (n=393)
Total eligible (n=96, 24%)

Pre-implementation (n=34) Post-implementation (n=35)

Analyzed (n=29) Analyzed (n=34)

Excluded for
Incomplete information (n=2)
Vancomycin not ordered (n=25)

Ineligible for EGDT
Pre-implementation (n=5)
Post-implementation (n=1)

Variables Before (n=29) After (n=34)

Age 65   37.0-90.0 59   38.0-86.0

Weight (kg) 79.2   47.3-182.3 74.4   50.0-168.2

Race

    White 15   51.7% 16   47.1%

    Non-white 14   48.3% 17   50.0%

    Not documented   0     0.0%   1   29.0%

Sex

    Male 14   48.3% 17   50.0%

    Female 15   51.7% 17   50.0%

Admitted 29 100.0% 34 100.0%

Medicare, Medicaid, or others 23   85.2% 18   58.1%

Acuity level

    1   2     6.9%   2     0.1%

    2 17   58.6% 20   58.8%

    3   6   20.7%   6   17.6%

    Not documented   4   13.8%   6   17.6%

Central line in ED 21   72.4% 23   67.6%

Peripheral line prior to ED   5   17.2%   7   20.6%

Early goal directed therapy
   (EGDT) met

  9   31.0%   3     8.8%

Death during admission   8   27.6% 12   35.3%

Table 1. Demographic data in median and range or frequency and 

percent (n=63)
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Bed to vancomycin administration
Time period

Before (n/%) After (n/%)

60 minutes or less   0/0.0   5/16.7

61 minutes thru 120 minutes   6/24.0   4/13.3

121 minutes thru 180 minutes   9/36.0 12/40.0

Over 180 minutes 10/40.0   9/30.0

Table 3. Time intervals

Table includes only patients who received vancomycin in ED.

Variables
Before After

Difference (%) 95% CI (%) P value
n % n %

Bed to vancomycin administration

    60 mins or less   0     0.0   5 14.7 14.7 0.39-30.0 0.040

    Over 60 mins 29 100.0 29 85.3

Correct vancomycin dose

    Correct 13   44.8 14 41.2   3.7 -20.0-26.7 0.770

    Incorrect 16   55.2 20 58.8

Reason incorrect

    Under 15   93.8 16 80.0 13.8 -11.4-35.9 0.477

    Over   1     6.3   4 20.0

Vancomycin received in ED

    ED 25   86.2 30 88.2   2.0 -15.0-22.4 0.810

    Other   4   13.8   4 11.8

Table 2. Vancomycin dosing

Before intervention, 0/29 (0.0%) patients received 

vancomycin within 60 minutes from bed placement to 

drug administration. After intervention, 5/34 (14.7%) 

patients received vancomycin within 60 minutes from bed 

placement to drug administration (difference in proportions 

14.7%, 95% CI 0.39%-30.0%, P=0.040) (Table 2).

Dosing accuracy was not significantly affected by 

having it premixed and available in the ADS. Before 

intervention, 13/29 (44.8%) of patients received the 

correct dose of vancomycin and after intervention, 

14/34 (41.2%) of patients received the correct dose of 

vancomycin (difference in proportions 3.7%, 95% CI 

-20.0%-26.7%, P=0.770). Patients with an incorrect 

dose were most often underdosed. Before intervention, 

15/16 (93.8%) of incorrectly dosed patients were 

underdosed and after intervention 16/20 (80.0%) of 

incorrectly dosed patients were underdosed (difference 

in proportions 13.8%, 95% CI -11.4%-35.9%, P=0.477) 

(Table 2).

 Before intervention, 25/29 (86.2%) of patients 

received vancomycin but still in the ED, and after 

intervention, 30/34 (88.2%) received vancomycin but 

still in the ED (difference in proportions 2.0%, 95% 

CI -15.0%-22.4%, P=0.810) (Table 2). Within the 

recommended three-hour timeframe for ED administration 

of antibiotics, 70% of patients received vancomycin after 

intervention compared with 60% of those who received 

vancomycin before intervention (Table 3).

DISCUSSION
Our results indicate that making vancomycin available 

in an ADS in the ED increased the proportion of septic 

patients receiving vancomycin within one hour as well 

as the recommended three-hour time frame. It is notable 

that the appropriateness of vancomycin dosing did not 

change as a result of the intervention, and patients were 

still more likely to be under-dosed when the incorrect 

dose was given. However, it might have been expected 

that given a pre-mixed dose, patients may be more likely 

to be given an inappropriate dose. Additionally, fewer 

patients received complete EGDT bundled care post-

implementation. There are multifactorial reasons for 

nonadherence with the EGDT bundle and may be the result 

of the small patient sample.
[18]

 Yet, despite this decrease, 

a significantly increased proportion of patients received 

vancomycin within one hour. A possible explanation for 

this discrepancy is that administration of antibiotics is one 

of the most frequently adhered to elements of the EGDT 

bundle.
[19]

Whether using the more stringent one-hour goal 

or the ED recommendation for antimicrobial timing, 

both time constraints were improved with the ADS. 

While the absolute number and proportion of patients 

receiving vancomycin within one hour were small at 

14.7%, which is due to the use of the more stringent 

timeframe; this difference was still seen at the three-hour 

timeframe. Despite the complex, multifactorial nature of 

medication administration, the use of the ADS for a single 

antimicrobial still showed a significant improvement. 

While the benefit of early antimicrobial administration 

in septic patients has not been conclusively proven, the 

results of this study have important implications for 

diseases in which medication timing and outcomes have a 

defi nitive association.

Beyond timing, dosing appropriateness did not 
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change in this study. Considering the pharmacist was 

removed during this process change, the fact that 

dosing did not signifi cantly change suggests that quality 

was not harmed by the use of the ADS. While dosing 

appropriateness was not a primary outcome of this study, 

this represents an important safety and effectiveness 

issue to be explored in future research. Just as this study 

explored a systematic approach to increasing timeliness 

of administration, future efforts should be directed at 

systematically increasing accuracy. While this study 

showed a benefit in a disease not seen on a daily basis, 

further studies should evaluate the introduction of 

multiple new medications, their use in a larger sample, 

and high volume medications on a daily basis in multiple 

disease processes.

LIMITATIONS
Despite the increase in the proportion of patients 

receiving vancomycin within an hour, the results of this 

study should be considered in light of several limitations. 

This study used an observational,  retrospective 

methodology, which has the potential to result in 

selection bias because of the search for cases by ICD-

9 codes and work-up bias. In addition, interpreting the 

data is limited by observations available in the chart. 

For example, if antibiotics are quickly available but 

cannot be administered owing to a limit in peripheral or 

central venous access, this would not be captured by our 

design. Similarly, multiple medications may be ordered 

because they are not always able to be administered 

simultaneously. Since the proportion of patients 

receiving vancomycin earlier was increased, one should 

consider that this intervention was directed at an isolated 

component of a much larger bundle of care for septic 

patients.

Additionally, times are subjected to recall bias and the 

times may be inaccurate or inconsistent. This study could 

be conducted prospectively with a larger sample size, thus 

improving the accuracy of times and limiting the biases 

associated with retrospective chart-based reviews.

In conclusion, the use of an automated dispensing 

system may reduce the times of medication administration 

in patients presenting to the ED.
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