




ABSTRACT
Allegheny General Hospital utilizes the Pyxis® Medstation ES system. Pyxis® automated dispensing cabinets (ADCs) are deployed throughout the patient care areas and dispense the majority (>75%) of medication doses. Since the deployment of Pyxis®, there have been changes in nursing unit floors, changes in patient acuity, and a need to reflect these changes with the medications in each machine. From a pharmacy department perspective, there is a need to decrease medication/labor waste and efficiently utilize resources to provide optimal patient care. Our plan is to accomplish these goals by increasing the vend: refill ratios, decreasing stockout percentages, and potentially remove medications in ADCs not used within 90 days.

An automated dispensing device frees pharmacists from labor-intensive distributive functions, improves patient care for nursing and pharmacists, enhances pharmacist clinical service opportunities, improves accountability and medication storage. Finally, barcode technology is utilized to ensure medication/antibiotic refills are appropriately completed.

DoseEdge is a technology assisted workflow system used to prepare sterile compounds for point of use. The system interfaces with an electronic health record (Epic) to determine a patient’s specific order and regimen. Pharmacy technicians prepare doses as they fall into their appropriate batch times, Appendix B, and pharmacists verify each subsequent dose. DoseEdge’s reporting capabilities was leveraged to determine the number of prepared doses by patient unit. This objective output helped determine the average number of doses dispensed in a given day to justify par levels for a Pyxis® machine. Appendix B describes the antibiotic added, its average daily dose in each unit, and par levels in each machine.

Conclusion/Public Health Significance 

Optimization of various processes is a time intensive process requiring appropriate resources to deliver timely medications. There are multiple approaches to ensure regulatory, operational, and clinical compliance for automated dispensing systems. To provide the safest and best medication delivery, optimization initiatives must be developed and performed on an annual basis. 
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preface
Purpose: Evaluating the effect of various Pyxis® ADC optimization initiatives
Definitions
	Vend: Refill/Fill Ratio (VFR)

	Vend
	Medication removed from an automated dispensing cabinet

	Refill/Fill
	A technician restocking an automated dispensing pocket

	Vend: Refill
	Ratio between  medication removals and restocks

	Stockouts - most common type is known/visible

	Known/visible
	System determines the medication count is zero and a report is generated

	Blind
	System medication count is greater than zero and report is not generated

	False
	ADC software system detects the medication count is zero, however the actual count is greater than zero

	Pockets without vend > 90 days
	A pocket without a dispense in the past 90 days

	Par level adjustment/Minimum & Maximum adjustments

	Par level
	Desired quantities of medications stored in an automated dispensing cabinet

	Adjustment
	Knowledge Portal adjustment of medication minimum and maximum levels to fit patient needs. Calculated as a three-day minimum and ten-day maximum


Timeframe 

1. 60 days pre-optimization identified as December 2, 2016 -  January 31, 2017

2. 60 days post-optimization identified as February 15 - April 16, 2017

3. Antibiotic stock intervention

a. Pre-intervention: May 1st – May 14th, 2017

b. Stock Standardization – July – August 2017  

c. Post-intervention: November 1st – November 14th, 2017

4. Evaluation of machine removals

a. Pyxis® Machine Analysis August 1st – October 31st, 2017

1.0  INTRODUCTION

Pharmacy distribution models vary across institutions to serve their specific patient population. A centralized pharmacy model is designed to fill patient medication orders from a central location and delivers to a hospital unit through a cart fill workflow. 1 A point of use medication distribution model is designed to dispense doses on the nursing unit; examples include satellite pharmacies and automated dispensing cabinets. 2,3 This model provides real time medication delivery to patient care areas. 4 In Allegheny General Hospital (AGH), we function under a hybrid model between centralized cart fill distribution and point of use dispensing.
Antibiotic administration is vital to eradicate infections in critically ill patients. In June 2012, a Joint Commission project was developed to reduce sepsis mortality. 5 The initiative identified that 750,000 Americans are diagnosed annually and of those, 220,000 die. The treatment of sepsis costs hospitals approximately $17 billion dollars annually.6,8 Once diagnosed with severe sepsis or septic shock, antibiotics must be administered within 3 hours to meet sepsis core measures. A review of an institution’s metrics showed only a 50% compliance to The Sepsis Core Measures. Development of several tools to facilitate compliance such as order sets and note templates promote compliance. Through effective health resource utilization, streamlined operational processes, early detection, and rapid initiation of treatment, sepsis mortality can be reduced.7,9 Sepsis programs continue to expand across the United States and hospitals are expected to provide oversight on sepsis care. These processes must then be reported to the Centers for Medicare and Medicaid Services (CMS) for severe sepsis and septic shock cases discharged on or after October 1, 2015.10 
The 2010 Affordable Care Act developed the Innovation Center at CMS which allowed exploring initiatives improving care, health, and cost reduction. In response to November 2011, the Innovation Center received more than 2,000 applications and funded more than 100.

A Houston Methodist Hospital System developed SERRI (Sepsis early Recognition and Response Initiative) which reduced sepsis mortality and costs. 10 The primary focus of the study was to implement an enhanced screening capability. From their study, it was found in CY 2014, the proportion of patients with a sepsis-associated stay with a positive screen was 7,690/106,706 (7.2%) in the acute care sites, 617/3,184 (19.4) in long term care hospitals, and 55/1,654 (3.3%) in skilled nursing facilities.10

An initiative was developed to reduce time to medication administration from initial orders to provide timely antibiotic administration and assist clinical services meet core metrics.


Finally, a different initiative identifies current-state opportunities to reduce the number of machines in a certain area. Several metrics factored into consideration that included, number of pulls/day, number of medications in each machine, number of beds serviced by each machine, inventory cost (CY2016), and the costs for upkeep. To solidify the proposal, a benchmark comparison was created that analyzed number of beds/machine use across hospitals in the US. These metrics were anecdotally provided by key representatives in each institution as a justification to support removal of non-essential real estate to re-direct financial resources for value-added use.

2.0   Objectives

Primary Objective:

· Institutional VFR changes pre and post optimization

· Evaluate the average daily utilization of medications in each pocket over the December 2, 2016 – January 31, 2017

· Average time to administration per antibiotic addition in each intensive care unit

· Develop a process to identify antibiotic utilization and align with CMS Core Metrics for floor stock standardization

· Nurse pulls/day 

· Design a reporting tool on the average nurse-machine daily utilization to benchmark and rationalize reduction in machine number

· Inventory cost; monthly/annual machine rental cost

· Design a reporting tool to detail the cost of medications stocked in machines to further justify removal of underutilized machines

Secondary Objectives:

· Institutional changes in: 

· Stockout percentage

· Frequency of medications without vends > 90 days
· Operational:

· Change in doses dispensed from central pharmacy

· Technician fill time

· Pharmacist verification time

Hypothesis: 

· There will be a significant increase in vend: refill ratios after the optimization process

· The method utilizes Carefusion’s 3/10 day method. This process is a commonly accepted methodology that looks at medication’s daily usage. The par adjustments are then modified to have a 3 day minimum and 10 day maximum inventory storage in the machine. 

· There will be a reduction in mean administration time post intervention

· The rationale aligns with the Sepsis Core measures with Computerized Physician Order Entry (CPOE). The standardization and availability of medications provides a just in time use for medication administration. Furthermore, the required antibiotics are identified to be stock meds that aligns with the clinical metrics required for reporting to CMS

· There will be a reduction in number of utilized machines

· The rationale aligns with Appendix G’s benchmark comparisons of machine dispense in 6 months. There is an identified opportunity to remove underutilized machines to provide/expand services in a different patient care unit
Study Design: 
Single center quality improvement project

Inclusion criteria

· Nursing unit Pyxis® machines

· Standard stocked medications

· VFR < 10

· Stockout % > 1.5%

· Pockets without vends in 90 days

· Non-standard stocked medications

Exclusion criteria 

· Ancillary and outpatient units

· Controlled II-V substances defined by Pennsylvania Controlled Substance, Drug, Device and Cosmetic Act

· Stocked non-medication products

· Refrigerated medications

· Non-formulary medications

· Patient own medications

3.0  Methods

Ten ADCs were chosen for optimization that included cardiac/telemetry, oncology, neurology, cardiology, surgical, and transplant units.  ADCs were optimized from February 1st – February 15th, 2017 based on “VFR”, “Stockout”, and “Pockets without vends in 90 days” reports generated from Carefusion™ – Knowledge Portal (KP). KP reports was utilized to optimize the machines hospital wide the analysis focus on the machines below. Average daily usage of machines was calculated based on compilation of various reports. Vend-to-refill ratios with less than 10, stock percentages greater than 1.5%, and pockets without vends in 90 days were targeted for intervention.
Table 1. Machine designation to patient care areas

	Pyxis® Machine
	Patient Care Area

	5C-1
	Cardiac/Telemetry

	6A-1 
	Oncology/Urology

	6A-2 
	Oncology/Urology

	8C-1 
	Cardiology

	9C-1
	Surgery

	10C-1
	Orthopedic

	12A1
	Stepdown

	12A2
	Stepdown

	7C1
	Neuro-ICU

	11C-1 
	Coronary Care- ICU


PGY-1 Pharmacy Practice Residents were assigned machines to conduct the report reconciliation process and create initial recommendations. Staff and clinical pharmacists were consulted to provide an interdepartmental input. After consultation, each resident submitted final recommendations to pharmacy administration. Once approved, each resident implemented the approved changes prior February 15th, 2017.

*As outlined in Pyxis Optimization- Acker, K., Valerio, P.

A DoseEdge utilization report: “Dose Order Summary for Download” captured the number of patient specific doses dispensed from central pharmacy between May – June 2017 in the following areas:

· ICUs – medical, neurology, coronary care, and surgical

· Non-ICUs – cardiology


· 08A/08C

Average daily dispensed data was determined per patient care area and par levels were identified based on need. Clinical specialists are engaged to determine par levels to compare dispense metrics versus clinical need. Machines are designated for additions to optimize patient room locations for dispenses to nurse and minimize potential for outdated stock. Appendix C details antibiotic additions per patient care area.

Statistical Analysis:
· Primary objective  
· VFR
· Descriptive 
· Mean antibiotic administration time
· Descriptive 
· Nurse pulls/day, inventory cost, monthly & annual machine rental cost
· Descriptive
· Secondary 
·  Stockout % and frequency of pockets without vends in 90 days
· Descriptive 
Limitations/Bias:
· Drug shortages and drug costs limit optimal par adjustments

· Pyxis® software conversion

· Variations in resident consultations and recommendations

· Variability in data capture due to multiple Pyxis® platforms in pre-optimization period

· Reporting generation (Pyxis®, Carefusion, DoseEdge)

· Pockets outside of timeframe


· Unloaded pockets

· New pended pockets

· Limitations in capturable DoseEdge data 

4.0  Results

An analysis was conducted to review the optimization intervention. VFR, stockout %, and mean number of pockets without vends > 90 days are described in Appendix A and A-1. There was an institutional decrease of 0.22. There was an institutional decrease in the stockout % by 2.9%. There was a reduction in average pocket without vends by 8 pockets. 

Operational metrics were identified through DoseEdge’s dynamic reporting capability. Within a two- month time span, there were 3,912 doses dispensed to the ICUs. The surgical-ICU comprised a third of these doses, followed by the neuro-ICU, medical-ICU, and coronary care unit respectively. An extra analysis identified which antibiotics comprised these dispenses. The top antibiotics identified for stock standardization included: ampicillin-sulbactam 3g/100mL, metronidazole 500mg/100mL, cefepime 1g/50mL, cefepime 2g/50mL, ceftriaxone 1g/50mL, ceftriaxone 2g/50mL, and vancomycin 1g/250mL. Finally, average daily dose dispensed data were calculated to provide minimum and maximum par levels for antibiotic addition to respective machines. The minimum and maximum par level calculations followed the Carefusion 3/10 day max rule – where the goal was to have a 3-day minimum inventory and maximum 10 day inventory. This concept was balanced with the extra consideration that antibiotic mini-bags received short expiration dates. The details of the antibiotic administration for each machine and the global operational metrics are highlighted in Appendix B and Appendix C.

At this time, current analysis is ongoing regarding mean reduction in antibiotic administration time and other operational labor metrics – therefore, the current state of this paper does not have objective data to report out. Future plans for this project involves inclusion of this data set once the information is completely analyzed and validated.

Appendix E reviews the average number of pulls/day, number of beds serviced by machine, inventory costs, and upkeep cost. From the data presented, 07A’s utilization is approximately half of the use when compared to other ICUs in the hospital (i.e. trauma and medical ICU). For example, 07A-1 had 102 pulls/day compared to trauma’s 244. Reviewing the number of beds serviced, 07A-1 dispenses to an average 6 beds/machine to trauma’s 12 bed/machine. Despite these pulls and locations, the upkeep cost is static at $1,500/machine. When reviewing the unit as a whole, the trauma unit’s annual upkeep cost is priced at $18,000 when compared to 07A’s $36,000. Finally, a benchmark comparison reviews high acuity hospitals such as Moses Cone Health, MD Anderson Cancer Center, VCU Medical Center, Dallas VA Medical Center, Houston Methodist Hospital, and Florida Orlando Hospital. The institutions were reviewed for their respective number of meds/machine. In general, a high-volume patient care area such as in VCU Medical Center serviced 20 beds/machine compared to 07A’s 6 beds/machine.

5.0  Discussion

From the results, there was a reduction in VFR – attributable to multifactorial reasons. For example, the Carefusion 3/10 day supply method is utilized for high volume dispensing areas such as ICUs. Due to time constraints of the project, the machines included in the analysis only comprised of 2/10 ICUs. While the results of these 10 machines were a reduction in VFR, a re-analysis was conducted when all machines completed their optimization intervention. A review of the institution’s VFR that included all machines found a VFR increase of 0.2 – proving the hypothesis correct. The reduction in stockout percentages and pockets without vends were the desired outcomes. The reduction in stockouts can prove to show less labor waste (pharmacist and technician) and is a justification of continual review of this metric. Reduction in pockets without vends allows redistribution of medications into central pharmacy for patient specific doses or loads into other machines. It has been stated to management for future projects to tie these removed items from the machines with its cost/unit to objectively capture the cost avoidance number to a quantifiable metric. This metric will provide a bottom line dollar value to justify quality improvement initiatives. Further justification of future resources/time to complete bi-annual/annual optimization projects is discussed to improve medication delivery and patient care. 

The project’s current recommendations were reviewed in addition to dedicating designated pharmacists, technicians, and analysts to continue the quality initiative. While a financial cost saving is a great opportunity, one must identify the ultimate goal is to serve the patient; timely medication delivery and availability becomes high priority post physician ordering and nurse administration. Future roll out and other recommendations include targeting controlled substances/medications. There is a large movement to population health, appropriate pain medication coverage, and a drug diversion program. The optimization project not only reduces the unused medications but provides oversight on narcotic medications as national usage increases.  11,12 Furthermore, future roll out areas include ancillary areas such as operating room, anesthesia machines, Cath-lab machines, electrophysiology lab, etc. A similar process can be followed throughout these areas to streamline the process.7

An additional consideration not only involves medication optimization, but machine location. In response to demand by floor supervisors and managers, a machine analysis reviewed utilization on a patient care floor. Specifically, 07A, a neuro-ICU step down, voiced heavy concern relocation of their fourth machine into a future geographical move. Thus, the data in Appendix E was presented to the hospital’s Chief Nursing Officer and was in favor of pharmacy’s recommendation to not move the fourth machine in the future state. Pharmacy will work to aggregate the current state medication needs and divide them amongst the current 3 machines. The fourth machine will then be utilized in other patient care floors that are in high demand of high volume dispenses but lack the real estate to store their medications. The Chief Nursing Officer provided her approval of the pharmacy recommendation and management will work alongside nursing management to accommodate the upcoming changes. Future rollouts include identification of underutilized machines in ancillary areas. Appendix G will be expanded to other areas as a justification to relocate other machines.
APPENDIX A: DATA COLLECTION SHEET - EXAMPLES
Table 2. Data collection sheet - examples

	06A-1

	Pre-Optimization Data
	Post-Optimization 

	Vend-to-Refill Ratio 5.33
Stockout % 19.0 
# Pockets w/o Vends 21
	Vend-to-Refill Ratio 5.00
Stockout % 7.1 
# Pockets w/o Vends 12



	11C-1

	Pre-Optimization Data
	Post-Optimization 

	Vend-to-Refill Ratio 3.72
Stockout % 20.8
# Pockets w/o Vends 24

	Vend-to-Refill Ratio 4.01
Stockout % 13.7 
# Pockets w/o Vends 17



	Institutional Average

	Pre-Optimization Data
	Post-Optimization 

	Vend-to-Refill Ratio 4.37
Stockout % 16.9
# Pockets w/o Vends 25 

	Vend-to-Refill Ratio 4.15
Stockout % 14.0 
# Pockets w/o Vends 17



Appendix A -1: DETAILED SUMMARY OF HOUSEWIDE INTERVENTIONS
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Figure 1. Primary objective
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Figure 2. Secondary objective - stockout
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Figure 3. Secondary objective - pockets without vends
APPENDIX B: BATCH TIMES
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Figure 4. Sterile preparation batch times
APPENDIX C: ANTIBIOTIC ADDITION TO MACHINES
Table 3. Additions to machine locations
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Ampicillin-Sulbactam 3g/100mL 5.30 3 & 12

Metronidazole 500mg/100mL 6.3 3 & 15

Ceftriaxone 1g/50mL 1.0 1& 3 

Ceftriaxone 2g/50mL 0.9 1& 3

Pyxis® Addition to 04M
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Ampicillin/Sulbactam 3g/100mL 6.8 3 & 10

Cefepime 1g/50mL 3.3 1 & 6

Cefepime 2g/50mL 1.9 1 & 3

Ceftriaxone 2g/50mL 1.0 1 & 3

Vancomycin 1g/250mL 2.2 1 & 3

Pyxis® Additions to NICU 07C-1 & 07C-3
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Ampicillin-Sulbactam 3g/100mL 2.03 2 & 8
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Ceftriaxone 2g/50mL 0.87 1 & 3

Vancomycin 1g/250mL 1.03 1 & 3

Pyxis® Addition to 11C-2
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Ampicillin-Sulbactam 3g/100mL 1.98 2 & 8

Cefepime 1g/50mL 10.95 3 & 10
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Ceftriaxone 2g/50mL 0.78 1 & 3

Vancomycin 1g/250mL 1.87 1 & 3
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APPENDIX D: DISPENSE METRICS PER SATELLITE
Table 4. Dispense metrics in ICUs

[image: image9.emf]Unit Total Number of Doses Dispensed

MICU 980

NICU 1022

CCU 787

SICU 1123

Total ICU Dispenses* 3912

Operational Metric - 2 Months of Dispenses

* Excluding Trauma-ICU


APPENDIX E: JUSTIFICATION FOR MACHINE REMOVAL BASED ON UTILIZATION
Table 5. Machine analysis across various patient care areas
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APPENDIX F: BENCH MARK COMPARISONS ACROSS VARIOUS INSTITUTIONS
Table 6. Bench mark comparison
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APPENDIX G: AGH BENCH MARK MACHINE DISPENSES
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Figure 5. Bench mark comparison within AGH
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