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Examples of IV Drug Delivery Systems
Delivery System Examples

Manufacturer ready-to-use Medications from the original manufacturer

Outsourced ready-to-use
Outsourced medications from companies registered 
with USFDA as 503b “registered outsourcing facilities”

Point-of-care activated Mini‐bag Plus® ADDVantage® products

Pharmacy compounded Compounding medications in the pharmacy department

Non-pharmacy compounded at point-of-care Compounding medications on nursing units

Ready-to-administer Simplist™ prefilled syringes
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• Significant patient harm related to sterile 
compounding continues to occur in the 
United States and globally

• Data submitted to the ISMP National 
Medication Errors Reporting Program 
(MERP) has repeatedly shown manual 
inspection of IV admixture ingredients is 
an inadequate deterrent in preventing 
preparation and dispensing errors

Sterile Compounding Errors and Harm
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Institute for Safe Medication Practices (ISMP)



ISMP Surveys on IV Push Practices
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• Evaluated the relative safety of (non-electronic) drug delivery 
systems then available

• Decision-analysis method ranked 6 systems

– Safety, cost, simplicity-of-use, and training required

• Highest scored: manufacturer-prepared, point-of-care 
activated, and pharmacy-based admixture systems

• The requirement for a combination of systems was discussed

– Lack of availability of highly rated systems

First Consensus Development Conference -
1999
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• Ranked 5 systems, noting few major developments in availability 
of systems

– Applicability, ease-of-use, regulatory compliance, cost, safety, and 
resources required

• Manufacturer-prepared ranked highest again

• Panel noted the complexity of IV medication delivery had 
increased

– No single system meets all needs and situations

Second Consensus Development Conference 
– 2008
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IV Drug Delivery Since 2008…

• Regulatory and standards changes

– Continued revisions to USP <797> and 
<800>

– Updates to National Patient Safety Goals 

– Passage of the 2013 Drug 

Quality and Security Act

– Standardize for Safety

• Development and expansion of 
technology

– IV workflow, interoperability and 
automation

– Robotics

• Clinical challenges

– Drug shortages

– Pricing and access

– Pandemic-related (e.g. staffing)
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Comparing Practice Over Time

Gabay M, Hertig JB, Degnan D, Burger M, Yaniv A, Mclaughlin M, Lynn Moody M. Third Consensus Development Conference on the Safety of Intravenous Drug 
Delivery Systems-2018. Am J Health Syst Pharm. 2020 Jan 24;77(3):215-220. doi: 10.1093/ajhp/zxz277. PMID: 31811297.



• Respondents suggest IV admixture use is safer than 5 years ago
– 90% agree, improving from 76% in 2008

• 97% of respondents experienced a supply disruption
– 81% experienced a patient safety event related to a disruption

• 45% agree outsourcing IV admixtures is cost-effective (59% in 
2008) 
– No respondents (0%) had a complete understanding of factors that 

contribute to cost-effectiveness

Key Survey Observations
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• Participants/Process

• Statements:

(1) Healthcare institutions should promote a culture of i.v. drug delivery safety across all sites of care 
that is patient-centric and proactive

(2) Organizational leadership is accountable for ensuring the highest level of safety regarding i.v. drug 
delivery systems

(3) Manufacturer-prepared products are the safest i.v. drug delivery system, and manufacturer-
prepared, ready-to-administer products are preferred for patient use whenever possible

(4) Compounding sterile preparations is a high-risk practice, and incorporating established standards, 
such as USP chapter 797, is essential to ensure benefit while reducing risks to the patient

(5) All non-pharmacy compounding should be restricted to only immediate-use, urgent situations

Third Consensus Development Conference
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6) Specialized education, training, certification, and competency with regard to compounding of sterile 
preparations should be required for pharmacists, pharmacy technicians, and other involved healthcare 
providers

(7) Automation and technology that have been validated to improve the safety of CSPs should be 
implemented

(8) The profession of pharmacy must take the lead in interdisciplinary efforts for the safety of i.v. drug delivery 
systems

(9) A legislative and regulatory framework that supports and encourages i.v. medication safety in all settings 
should be developed

(10) the organizational costs of inaction, or of pursuing the minimum action necessary with regard to the 
safety of i.v. drug delivery, far exceed an institutional financial investment in the safest systems for the 
patient and staff

• Better understanding “costs of inaction” and “holistic costs is vital

Third Consensus Development Conference

Gabay M, Hertig JB, Degnan D, Burger M, Yaniv A, Mclaughlin M, Lynn Moody M. Third Consensus Development Conference on the Safety of Intravenous Drug 
Delivery Systems-2018. Am J Health Syst Pharm. 2020 Jan 24;77(3):215-220. doi: 10.1093/ajhp/zxz277. PMID: 31811297.



Past Research
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Proposed Research in England



• Medication errors are common in an inpatient hospital setting adding to the healthcare 
burden – higher costs & increase in hospitalizations

• Most of the errors with intravenous (IV) medications are preparation and 
administration errors

– Some cause adverse drug events which could lead to severe harm or are life-threatening.

• Use of RTA formulations could improve patient safety and efficiency and also 
reduce/eliminate waste in the system

• Past studies report lower errors rates with RTA but studies quantifying the cost savings 
produced by RTA formulations are limited

• Also, there is a scarcity of research comparing the drug waste with RTA and current 
compounding in a England health system

Background



• A cost minimization analysis study designed by Larmene 2019 compared the 
total costs of the conventional preparation method with RTA prefilled syringes 
using a Dutch health system, where the effectiveness parameter was reported as 
costs of the errors (obtained from Hug 2012) 

• Another study by Cousins et al. conducted in UK Germany and France, 
reported preparation & administration error rates for aseptic compounding only

• A past study by Hertig et al., 2020 compared the opioid waste with the RTA 
and traditional vial and syringe method in US hospitals

• Reports suggest that the patterns of errors were similar in the US and UK 
hospitals, but the practice of pharmacy and nursing are reportedly different in the 
two countries

Background



• Aim 1:

– To compare the drug waste of RTA formulations and current compounding 
practices in inpatient settings in England

• Aim 2: 

– To develop a cost effectiveness (CEA) model comparing the RTA 
formulation to traditional compounding in an inpatient setting from the 
Hospital/NHS England perspective

– In order to develop the CEA model, the input parameters will be obtained 
from past published studies conducted in similar settings

• Different categories of the input parameters are outlined on next slide

Proposed Aims



Possible Sources to Obtain Inputs
Parameters

RTA
Traditional aseptic 

compounding

Costs

Cost of the drug ($)
Provided by the 
Manufacturer

Provided by the 
Manufacturer

Cost associated with the preparation of drugs ($) Berger and Degnan, 201910 Berger and Degnan, 201910

Cost associated with the administration of drugs ($) Hertig et al., 201811 Hertig et al., 201811

Cost of the drug waste ($) Missing Missing

Cost associated with preparation and administration errors ($) Hug 201212 Hug 201212

Probabilities

Probability of administering the drug (Gentamycin, Insulin, Fentanyl) Missing Missing

Probability of preparation and administration errors per observation Hertig et al., 201811 Hertig et al., 201811

Probability of errors leading to harm (or ADE) Hug 201212 Hug 201212

Probability of errors categorized by severity Hug 201212 Hug 201212

Effectiveness or Payoffs

Errors at the end of each arm Hertig et al., 201811 Hertig et al., 201811



Decision Tree Example



• Respondents suggest IV admixture use is safer today than 5 years ago; risks remain

– Manufacturer-prepared, ready to administer products are preferred whenever possible

• Better understanding of the total cost of delivering safe IV drug therapy is needed!
– “Total cost of care”

– Product

– Workforce

– Other waste

Key Takeaways: Optimizing Care Delivery

Improved patient 
experience

Prioritizing 
nursing time

Ensuring patient 
safety

Establishing a 
compliant practice



Questions?
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