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— Joint Accreditation Statement 

— In support of improving patient care, this activity has been planned and 
implemented by Partners for Advancing Clinical Education (PACE) and Institute 
for Safe Medication Practices.  PACE is jointly Accredited by the Accreditation 
Council for Continuing Medical Education (ACCME), the Accreditation Council for 
Pharmacy Education (ACPE), and the American Nurses Credentialing Center 
(ANCC), to provide continuing education for the healthcare team.

— Pharmacy Continuing Education
PACE designates this continuing education activity for 1.0 contact hour(s) (0.10 
CEUs) of the Accreditation Council for Pharmacy Education. 
(Universal Activity Number - JA4008073-9999-24-009-L05-P/T)
Type of Activity: Knowledge 

ACCREDITATION

Joint Accreditation Statement 
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— Disclosure of Unlabeled Use
• This educational activity may contain discussion of published and/or investigational uses of 

agents that are not indicated by the FDA. The planners of this activity do not recommend 
the use of any agent outside of the labeled indications. The opinions expressed in the 
educational activity are those of the faculty and do not necessarily represent the views of 
the planners. Please refer to the official prescribing information for each product for 
discussion of approved indications, contraindications, and warnings.

— Disclaimer
• Participants have an implied responsibility to use the newly acquired information to 

enhance patient outcomes and their own professional development. The information 
presented in this activity is not meant to serve as a guideline for patient management. Any 
procedures, medications, or other courses of diagnosis or treatment discussed or 
suggested in this activity should not be used by clinicians without evaluation of their 
patient’s conditions and possible contraindications and/or dangers in use, review of any 
applicable manufacturer’s product information, and comparison with recommendations of 
other authorities.

DISCLAIMERS
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ONLINE EVALUATION, SELF-ASSESSMENT 
AND CE/CME CREDIT
• Login at https://paceducation.com/ISMP2062024 or Scan:

• Complete online evaluation
• Deadline: 4/5/2024 

• Pharmacists/Technicians: Upon successfully completing the activity evaluation, 
your credit will be submitted to CPE Monitor. Please check your NABP account 
within thirty (30) days to make sure the credit has posted.
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Learning Objectives
Following completion of this activity, participants will be able to:

1. Review the safety challenges and diversion risks associated with the 
preparation and administration of IV push medications doses that 
require product manipulation.

2. Outline the steps taken and data used to optimize automated 
dispensing cabinets (ADC) storage capacity in anticipation of the 
transition to RTA syringes. 

3. Describe one organization's successful journey towards medication 
safety, waste reduction, and workflow efficiencies, when adopting RTA 
syringes. 
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— Matthew Grissinger, RPh, FISMP
Director, Education; Institute for Safe Medication Practices

— Satya Krishna Ramachandran, MD
Associate Professor, Anaesthesia, Harvard Medical School
Vice Chair of Quality, Safety, and Innovation
Beth Israel Deaconess Medical Center
Boston, MA

— Michele Sheaffer, RPh
Associate Director of Pharmacy Operations
Abington Hospital Jefferson Health
Abington, PA

FACULTY
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— PACE requires every individual in a position to control educational content to disclose all 
financial relationships with ineligible companies that have occurred within the past 24 
months. Ineligible companies are organizations whose primary business is producing, 
marketing, selling, re-selling, or distributing healthcare products used by or on patients.

— All relevant financial relationships for anyone with the ability to control the content of this 
educational activity are listed below and have been mitigated according to PACE policies. 
Others involved in the planning of this activity have no relevant financial relationships.

— Matthew Grissinger, RPh, FISMP, activity director for this activity, has no relevant financial 
relationships.

— Satya Krishna Ramachandran, MD, faculty for this activity, consultant/advisor/speaker for 
Fresenius Kabi.

— Michele Sheaffer, RPh, faculty for this activity, consultant/advisor/speaker for Fresenius Kabi.

DISCLOSURES

Michele Sheaffer RPh
Associate Director of Pharmacy Operations 

Jefferson Abington Hospital

Michele.Sheaffer@Jefferson.edu

Improving Safety Efficiencies, and Reducing 
Waste with Ready-to-Administer IV Medications: 
A Roadmap to Success
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Disclosure

Michele Sheaffer discloses that she has participated in panel 
discussions for Fresenius Kabi.

ISMP Outlined Risks Factors that 
can Increase Errors for IV push 
Medications in Adults
 Lack of Patient Information

 Lack of drug information

 Communication of Drug information

 Drug labelling, Packaging and 
Nomenclature

 Drug storage, Stock, standardization 
and Distribution

 Device Use

 Environments, Staffing and Workflow

 Staff Education and Competency

 Risk management and Quality 
Improvement Challenges

Background

9

10



2/2/2024

6

 Acquisition and Distribution of Adult IV Push Medications

 Ready to administer syringes

 Clinical Preparation

 Labelling

 Clinical Administration

 Drug Information Resources

 Competency Assessment

 Error Reporting

ISMP Suggested Safe Practice Guideline

ISMP definition: an injectable product containing the active drug in 
solution at the required concentration and volume, presented in the 
final container (syringe, infusion bag, or elastomeric device) and ready 
to be administered to the patient.”14

What is considered a Ready to Administer 
Product (RTA)?

11
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Reasons to Transition to RTA and Product Optimization

Patient Safety 

Diversion

Workflow 

 Ready to Administer(RTA)- no manipulation/ assembly

 Single patient use prefilled syringe

 Exact dose to be administered 

 Properly labelled- (ISMP guidelines)

 Clear, readable

 Easy to read graduations- vertical preferred 

 Barcode available to scan 

 Integrity of medication

 Manufacturer Prepared

 Accurate/ Proper documentation

Reasons to Transition to RTA and Product Optimization
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 Optimized dosing to limit waste

 No remaining medication waste

 Reduced use of waste disposal 
systems

 Tamper Evident Packaging

 Deters opportunity 

 Medication can be returned 

 Diversion monitoring software

 Less transactions

Reasons to Transition to RTA and Product Optimization

she had been taking waste amounts of hydromorphone and 
morphine two to three times a week by exchanging the drugs 
for saline before disposing of them.

Instead of wasting the controlled substances,  he diverted them 
for personal use. 

15
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 Nursing / Anesthesia Benefits
 No additional supplies to gather

 No relabeling

 Barcode available

 No waste to dispose 

 No waste witness

 Less interruptions

 Simplify stressful emergent administrations

 More time to dedicate to patient care

 Nurse Manager/ Pharmacy Benefits
 Less time needed to follow up on outstanding waste documentation

Reasons to Transition to RTA and Product Optimization

Product Optimization Timeline – Jefferson Abington
HYDROmorphone & FentaNYL Injections

5/17/22

HCP 
Conference

- Hertig
report

17
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 Significant financial costs associated with  
waste:

 Nursing workforce time  

 Cost of interruptions 

 Cost of Medication waste

 Other: 

 Patient care/ safety

 Cost waste disposal

 Pharmacy time

 Staff satisfaction

Outcomes & 
Identified opportunities

Estimated Waste Calculator

19
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Product Optimization Timeline – Jefferson Abington
HYDROmorphone & FentaNYL Injections

5/17/22 
HCP -
Hertig
report

6/2022 
Waste 

analysis

7/14/22 
Optilytics®

ADC 
Recommend-

ations

8/15/22 
DDPM 

presentation

10/22 

Pain 
committee 
approval: 
HM dose 
default

2/27/23 
Enterprise

approval 
default HM 0.2 

mg & 

Go live  
FentaNYL 50 

mCg in Pyxis®

3/10/23 
P&T 

approved 
HM 

default  
dose 

4/11/23

Go live for  

HM 0.2mg 

4/23-
present; 
Ongoing  

waste 
report 

review for 
areas to 
improve

1. Identify opportunity
 Waste analysis: morphine, fentaNYL 

and HYDROmorphone Inj.  

Our Steps to Transition  

Addition of fentaNYL 50 mcg 
(removal of 100 mCg in areas)

Optimize current 
HYDROmorphone 0.5 mg inj

Addition of HYDROmorphone
0.2 mg inj

 Change Epic® default dosing 
HYDROmorphone
0.25 mg-> 0.2 mg 

21
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2. Approvals (Diversion, Pain &  P&T committees)
3. ADC Preparation 

 Unload medications

 Consolidate pockets 

 Appropriate pockets

 Optylitics®  ADC assessment

Where? Par levels?

Our Steps to Transition, continued 

4. Staff Notification & Education
 Proper use of tamper evident package/ RTA syringe

 SBAR

Our Steps to Transition, continued 

5. Go Live: 
 ADC Stocked
 IS System Build
 Order sets
 Preferred lists  

6. Post Go Live :  
 Routine  review 
 Optimize Par levels

23
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Results: 

Challenges VS Benefits

Benefits  Challenges

Safer PracticesADC Storage limitations

Diversion DeterrentPharmacy Resources 

Streamlined WorkflowAlignment

Cost savingsEHR system

Staff SatisfactionCost

25
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 Weigh benefits vs challenges

 Identify opportunities & target

 Develop a plan

 Buy-in!!!

 Stakeholders

 Resources
 Pharmacy staff

 HIS (Epic®, Pyxis®) 

 Support
 Metrics

 Ongoing Review & Education 

Key Takeaways

Provider Feedback: 

"Love them, don't have 
to take the time to find a 
syringe and needle and 
draw up"

"So much easier 
and faster""Wish we could make all 

meds like that!“

"Has there ever been a 
nurse who said no to 
eliminate a step to 
something?" (haha)

"So much easier, we cut 
ourselves on ampules, 
have to take the time to 
find a filter needle, risk of 
glass when we can't find 
them emergently"

"Not having to 
waste all the 
time is fantastic"

27
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The Effect of Opioid Vial Sizes on Patient Outcomes

Krish Ramachandran MD
Associate Professor of Anaesthesia, Harvard Medical School
Beth Israel Deaconess Medical Center, Boston MA

29

30



2/2/2024

16

Scope

Recognize new evidence demonstrating improved patient outcomes 
when providers are presented with RTA products

Opioid “Overdosing”
• Scope of problem 
• Dosing behaviors 
• Outcome relationships

Waste
• Risks & Outcomes

Overcoming barriers to change
• Beliefs/Practices

“Overdose”

31
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• 9799 claims reviewed 
• 357 acute pain claims 

• 92 had respiratory depression (RD)

• 88% within 24 hours of surgery

• 97% deemed preventable

• Somnolence in 62% of cases

Lee LA, et al. Anesthesiology 2015; 122:659–665

• PRODIGY secondary analysis

• Cost data from 420 U.S. patients

• Patients with ≥1 RD episode had 
• Longer length of stay (6.4 ± 7.8 days vs. 5.0 ± 4.3 days, p = 0.009) 

• Higher hospital cost ($21,892 ± $11,540 vs. $18,206 ± $10,864, p = 0.002)

Khanna AK, et al. BMC Anesthesiology. 2021;21:88.
https://doi.org/10.1186/s12871-021-01307-8

Cost of Postoperative RD from Opioids 
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• Retrospective registry analysis of 153,902 surgical cases 
• Clear dose-response curve for readmission risk
• Highest impact on ambulatory patients

Long DR, et al. Br J Anaesth. 2018;120(5):1090-1102.

Long-term Impact of Intraoperative Opioid Dose

• Readmission association most pronounced with hydromorphone
• Dose response for ambulatory surgery shows important opportunities for 

improvement

Long DR, et al. Br J Anaesth. 2018;120(5):1090-1102.

Outcomes with Opioid & Admission Type
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Intraoperative Opioid Dose -
Early Postoperative Outcomes

Aim: To evaluate the relationship 
between incremental unit dosage and 
clinically relevant outcomes

Focused on “Harm Outcomes”

Since the causality of opioid dosing in these complications is difficult to quantify, 
we do not assess higher dose administration as “medication errors” necessarily, 
but use this as a framework for classifying safety outcomes

Category E Harm

37
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Category F Harm

Summary

Lower opioid doses are associated with 

Measurable, reproducible value through

Reduced early postoperative complication rates

Reduced healthcare utilization

Cost-savings

39
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OPIOID WASTE: HIDDEN RISKS AND 
COSTS

Why Eliminating Waste is Important

41
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Projected Waste Analysis
Cost data:
• All projected waste data converted to cost (USD) using average wholesale price 

(AWP) 

• Loss of provider time to accomplish waste was assessed using an estimated 
average of CRNA hourly wages

Single Center QA Data

Projected RTA Product Size and Waste 

40% unit dosing

60% unit dosing

Single Center QA Data

43
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Projected RTA Product Size & Cost

Single Center QA Data

Product Waste is Greater with Vials

Single Center QA Data

45
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Predictors of 
Intraoperative Opioid 
Waste 

• The generalizability of this single 
center’s predictors is expected to be high

• Only 10% of the observed variance in 
intraoperative opioid dosing may be 
explained by individual hospital (25% of 
model R2 of 0.426)

Naik BI, et al. Anesth Analg. 2022;134(1):8-17

Summary

• Unit dosing: ~50% of intraoperative opioid doses

• Waste 8 times more likely when >1 opioid used

• Estimated cost of waste

• $75,000 per year at one center

• Waste and cost are higher with vials

47
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BARRIERS TO CHANGE

Probability of a patient receiving 
low-to-moderate dose opioid 
intraoperatively
• Depends on the individual provider’s 

historical dosing patterns
• Wide variation in dosing patterns 

among practitioners
• Anesthetists are 2-times more 

influential on opioid dose selection 
than surgeons

Long DR, et al. Br J Anaesth. 2018;120(5):1090-1102.

Prescribing & Dosing Behaviors

49
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• Is reproducible
• Has roots in human factors
• Impacts cost, waste, and complications 

UNIT DOSING

What if we could … 
influence clinician prescribing/dosing behavior

So that … 
we improved the quality of care & 

reduced complications?

For example … 

51
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EXAMPLE 1

Changing Anesthesia Clinician Behaviors

Rudolph MI, et al. Anaesthesia. 2018;73:1067-1078.

Type of Monitoring Neostigmine Dose 
Qualitative Quantitative Weight-Based 70-kg patient 
No twitch No twitch WAIT WAIT 
1 twitch 1 twitch WAIT WAIT 
2-3 twitches 2-3 twitches ~50 mcg/kg 3-4 mg 
4 twitches with fade TOF ratio <0.4 ~40 mcg/kg 2-3 mg 
4 twitches without fade TOF ratio 0.4-0.9 15-30 mcg/kg 1-2 mg 

 TOF ratio >0.9 NONE NONE 
 

Risk factors for Residual Weakness 
High total dose of NMBA >1.5 mcg/kg rocuronium or >0.4 mg/kg cisatracurium 

High dose neostigmine reversal >60 mcg/kg 
ALWAYS DOSE NMBA AND REVERSAL ACCORDING TO MONITORING AND CLINICAL CONDITION 

 

TOF: train of four; NMBA: neuromuscular blocking agent
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• PPC reduced by 25%
• HLOS reduced by 10%
• Costs reduced by 5%

Rudolph MI, et al. Anaesthesia. 2018;73:1067-1078.

Process Measures
Mean 
Neostigmine 
Dose

Excessive 
Neostigmine 
Dosing

TOF Count at 
the End of the 
Case

Outcome Measures

TOF: train of four; PPC postoperative pulmonary 
complications; HLOS hospital length of stay

EXAMPLE 2
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Three study periods (17,695 cases)
• 2-mL fentanyl syringes (14 weeks) 
• 5-mL fentanyl vials (12 weeks) 
• 2-mL fentanyl syringes (10 weeks)

Mean fentanyl dose/case
• 110 µg -->> 164 µg -->> 120 µg

Stone A, et al. Br J Anaesth. 2020;124(6):e219-e231.

Does Use of RTA Syringes vs. Vials Impact Dose?

FOCUS ON HIGH-IMPACT INTERVENTIONS
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National Patient Safety Foundation. RCA2: Improving Root Cause Analyses and Actions to Prevent Harm. 2015. https://www.ashp.org/-
/media/assets/policy-guidelines/docs/endorsed-documents/endorsed-documents-improving-root-cause-analyses-actions-prevent-harm.ashx.

Cafazzo JA, et al. Healthc Q. 2012 Apr;15(Spec No):24-29. https://www.longwoods.com/content/22845/healthcare-quarterly/from-discovery-to-
design-the-evolution-of-human-factors-in-healthcare.

1. Choose RTA products over vials 
• Improved safety: reduced mislabeling/medication error 

• Reduced waste: cost, environmental impact

2. Consider patient outcomes and cost of waste
• Optimal fentanyl syringe size 50 µg for outpatient surgery

• Optimal hydromorphone syringe size 0.5 mg

Potential High-Impact Solutions
Forcing Functions

59
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3. Educate clinicians to choose RTA syringe size optimized for 
meaningful outcomes 

• Fentanyl dose-response shows harm for >50 µg doses

• Hydromorphone dose-response shows harm >0.5 mg doses

4. Educate clinicians to choose one opioid
• Associated with reduced product waste

• Fentanyl better than hydromorphone for PACU outcomes in outpatients

Potential Lower Impact Actions
Discretionary Actions

Measure Intended and 
Unintended Effects

• PROMs: Pain outcomes
• Patient Reported Outcome Measures

• Healthcare utilization
• PACU delays

• Unplanned admissions

• ICU utilization

• Drug costs

61
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Why Was This Intervention Successful?

Type of Monitoring Neostigmine Dose 
Qualitative Quantitative Weight-Based 70-kg patient 
No twitch No twitch WAIT WAIT 
1 twitch 1 twitch WAIT WAIT 
2-3 twitches 2-3 twitches ~50 mcg/kg 3-4 mg 
4 twitches with fade TOF ratio <0.4 ~40 mcg/kg 2-3 mg 
4 twitches without fade TOF ratio 0.4-0.9 15-30 mcg/kg 1-2 mg 

 TOF ratio >0.9 NONE NONE 
 

Risk factors for Residual Weakness 
High total dose of NMBA >1.5 mcg/kg rocuronium or >0.4 mg/kg cisatracurium 

High dose neostigmine reversal >60 mcg/kg 
ALWAYS DOSE NMBA AND REVERSAL ACCORDING TO MONITORING AND CLINICAL CONDITION 

 

Rudolph MI, et al. Anaesthesia. 2018;73:1067-1078.

• Intraoperative opioid dose restriction has clinical outcome 
implications

• Evidence supports the use of standardized opioid RTA 
sizes as an effective strategy to influence administered 
dose and opioid waste/cost 

• Consider the strength of intervention and other tactics of 
implementation science

Key Takeaways
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Selected Resources
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Questions?

This activity is supported by Fresenius Kabi.
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