
_________________________________________________________________________________________________________________ 
This draft is intended for review purposes only; it is not official ASHP policy. This document 
may not be reproduced, circulated (except for review purposes), or quoted without prior 
written permission from ASHP. Copyright © 2021, American Society of Health-System 
Pharmacists. All rights reserved. 
 

DRAFT ASHP Guidelines on the Selection, Implementation, and Utilization of Workflow and 
Robotic Technologies for Preparing Intravenous Compounded Sterile Preparations 
 
Purpose 1 

These guidelines provide recommendations on the selection, implementation, and utilization of 2 

workflow and automation technologies in the preparation of intravenous (IV) compounded 3 

sterile preparations (CSPs). The guidelines contain evidence-based, guideline-recommended, or 4 

expert-opinion recommendations regarding the use of IV workflow management systems and 5 

robotic technologies, including the necessary or relevant dependencies to support and 6 

implement such technologies. The guidelines examine the principal types of automated systems 7 

available today – IV workflow management systems and IV compounding robots – and the 8 

functional capabilities, benefits, and limitations of these systems. The guidelines assess the 9 

prerequisites required for implementation and how the feature sets of such systems affect 10 

long-term maintenance, costs, and return on investment. Finally, the guidelines provide 11 

considerations for implementation, validation, and monitoring of such technologies. 12 

 These guidelines describe the capabilities of IV workflow management systems and IV 13 

compounding robots that are superior to traditional compounding techniques and therefore 14 

should become the best practice for many practice sites. Although studies are limited, they 15 

demonstrate that wrong-drug, -dose, and -diluent errors can be markedly reduced or 16 

eliminated by using IV workflow management systems that perform barcode ingredient 17 

verification and dose verification using either gravimetric or volumetric verification, which 18 

supports the recommendation to consider the implementation of an IV workflow management 19 

system with at least minimal functionality of ingredient barcode verification and dose 20 

verification for compounding CSPs. 21 

 These guidelines are intended to be generally applicable to all personnel who prepare 22 

CSPs and all facilities in which CSPs are prepared. Pharmacists and other healthcare 23 

professionals responsible for the preparation, selection, and use of CSPs are urged to use 24 

professional judgment in interpreting and applying these guidelines to their specific 25 

circumstances. Users of these guidelines are cautioned that the information provided is current 26 
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as of publication and are urged to consult current editions of original sources (e.g., the latest 27 

literature, laws, regulations, and applicable standards, including the standards of the United 28 

States Pharmacopeia [USP]) to ensure patient safety as well as legal and regulatory compliance. 29 

This document should be used in concert with other relevant sources, including ASHP guidelines 30 

and Institute for Safe Medication Practices (ISMP) recommendations, and after careful review 31 

of applicable regulatory standards. 32 

 33 

Background 34 

Traditional preparation of CSPs has been a fundamental part of pharmacy practice, performed 35 

using the same basic processes for more than 50 years. Traditional preparation requires 36 

scrupulous attention to detail to ensure that the prepared dose is accurate and sterile. 37 

However, the history of IV compounding is checkered with recurring quality and safety 38 

problems, leading to patient morbidity and mortality. At the root of many of the problems that 39 

plague the preparation of CSPs are variations in the traditional manual process – variations 40 

between individuals, between shifts, between days, and between preparations.[1,2] 41 

Additionally, traditional methods of checking and verifying CSPs have been identified as a 42 

critical process of concern. ISMP and ASHP have called for the elimination of the syringe pull-43 

back method, in which a technician completes an IV preparation by admixing all the ingredients 44 

and then pulls back the syringe plunger to the volume believed to have been injected into the 45 

final container.[3,4] ISMP recommends an in-process check, requiring the pharmacist to check 46 

all additives prior to being injected into the final container.[3] 47 

 High-reliability industries have adopted automation to address the human tendency to 48 

err; however, adoption of similar automated technologies in IV rooms to address this issue has 49 

been slow. In a 2017 ASHP survey, only 12.8% of surveyed hospitals used any IV workflow 50 

management solution and only 2.3% use any IV compounding robots, despite the decades-long 51 

availability of automated and guided systems for CSP preparation.[2,5] Such technologies have 52 

been developed to improve safety and, potentially, efficiency in preparing and checking CSPs, 53 

including ingredient verification, volumetric validation, process standardization, preparation 54 

prioritization, and remote pharmacist verification (where permitted). These goals are 55 
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accomplished by integration of software and hardware components, such as barcode readers, 56 

photographic and/or videographic cameras, and scales. Currently, these technologies range 57 

from barcode-assisted workflow software to fully automated robotic compounding systems. IV 58 

workflow management systems and IV robots can improve patient safety by reducing the 59 

opportunities for human error associated with manual processes. The use of such technologies 60 

has been advocated by the ISMP for years.[1,2,6] Specific and actionable guidelines for the 61 

selection, implementation, and utilization of IV workflow management systems and robotic 62 

technologies may accelerate the adoption process. 63 

 64 

Definitions and terminology 65 

The nascent market for IV workflow management software and IV compounding robots has 66 

generated a deluge of terminology to describe systems with wide-ranging differences in core 67 

functionality. One of the purposes of these guidelines is to differentiate among these 68 

technologies and identify their minimum desired features. Clarifying the terminology to help 69 

define these technologies is an essential first step in making any recommendations.  70 

 The primary differentiator is whether the technologies rely on manual compounding by 71 

a technician (i.e., whether the compounding is robotic or non-robotic).  72 

 In the category of non-robotic technologies, the term IV workflow management system 73 

(used by ISMP and USP for these technologies, sometimes abbreviated WFMS) is used to 74 

describe technologies that include hardware and software to automate IV workflow and assist 75 

in the verification of components and preparation of CSPs and documentation of the 76 

components and processes. The terms IV workflow software, IV workflow solution, workload 77 

managers, or workflow management solution/software/system are sometimes used to describe 78 

these technologies. Other terms that have appeared in the literature include barcode 79 

medication preparation systems, intravenous workflow management system, IV workflow 80 

software, and technology-assisted workflow system. Barcode medication preparation (BCMP), 81 

which is analogous to barcode medication administration (BCMA), may best describe systems 82 

with functionality limited to barcode ingredient verification. Importantly, these guidelines 83 

differentiate between systems in which barcode verification is its only safety check and IV 84 
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workflow management systems. For a system to be considered an IV workflow management 85 

system, it must also have a method of dose verification, whether that be volumetric, 86 

gravimetric, or by some other means not yet described.  87 

 In the category of IV compounding robots, there are vast differences in the level of 88 

autonomy and features in the technologies currently available on the market. Semi-89 

autonomous systems may require considerable preparation and intervention by the operator, 90 

whereas other autonomous systems can fully automate the product selection, preparation, and 91 

labeling processes. The nomenclature for IV compounding robots is evolving, and terms such as 92 

robotic enclosures have been suggested by USP, and the term automated robotic compounding 93 

technology (ARCT) has also been used in literature to describe such systems. For brevity, these 94 

guidelines will use the term IV robots to describe systems meeting the minimum requirements 95 

of this major category, and such technologies may be referred to generally as robotic 96 

technologies. 97 

 98 

Prerequisites 99 

Although IV workflow management systems and IV robotic technologies may be an ideal 100 

solution to many existing challenges in the compounding of sterile preparations, these tools 101 

themselves have challenges that must be overcome. The intent of this section is to identify 102 

considerations for implementation, selection, and utilization of IV workflow management 103 

systems or IV robotic technology. The achievement of all prerequisites is not required for 104 

implementation, but doing so would ensure efficient operations and sustained benefits from 105 

these technologies. 106 

 Policies and procedures. IV workflow management systems and IV robots require 107 

regular maintenance, updating, and cleaning, and systems may require special procedures for 108 

operator-initiated calibration or process validation on a regular basis. Therefore, all such 109 

technologies must be operated by individuals trained in their use, and use of those technologies 110 

must occur within a clear framework of policies and procedures (P&P) regarding such use. 111 

 At a minimum, determinations must be made for each drug prepared with technology 112 

regarding the base solution, error tolerance, solute concentration, diluent type, diluent volume, 113 
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and, in the case of some IV workflow management systems, drug-specific, step-wise 114 

instructions for preparation. Additionally, the use of such technologies should be part of a 115 

strategy to optimize operational efficiency that considers dispensing volumes, delivery times, 116 

due times, and beyond-use dating, among other considerations. For example, IV robots may be 117 

scheduled to operate semi-autonomously for long periods of time, and the greatest efficiencies 118 

may be achieved when drugs of similar compositions are prepared in sequence. In contrast, IV 119 

workflow systems may provide greater flexibility over a wider array of CSPs. At some 120 

institutions, implementing such a strategy may result in wholesale changes to the dispensing 121 

and practice models—a process that should be well defined in P&P and communications that 122 

are developed in conjunction with end users. Often, the act of implementing an IV workflow 123 

management system or IV robot will force these standardizations. The timing, education, 124 

training, and communication of such changes will determine the success of the technology 125 

adoption. 126 

 An understanding of technological limitations concerning throughput, error tolerance, 127 

minimum volumes, consumable restrictions, and other factors is key to developing the 128 

necessary targeted validation procedures and leveraging optimal characteristics of the 129 

technology. As with any significant investment, appropriate metrics are essential in 130 

demonstrating both the return on investment (ROI) and continued success of the technology. 131 

For this reason, defining and collecting pre-implementation and post-implementation metrics 132 

will be critical. Likewise, as all technologies are prone to failure, a well-defined downtime policy 133 

that specifies the responsibilities of relevant stakeholders such as pharmacy informatics, 134 

information technology (IT), and pharmacy operations is essential to success. Overall, IV 135 

workflow management systems and IV robots are critical considerations in a broader 136 

department of pharmacy strategic plan, requiring thoughtful consideration and meticulous 137 

planning.[7] 138 

 Recommendations. Recommendations regarding P&P include the following: 139 

• Identify how the use of IV workflow management systems and/or IV robots fits into the 140 

department strategic plan, dispensing model, and operational workflows. 141 
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• Identify and prepare drug-specific standardized guided and/or automated preparation 142 

procedures and workflows. 143 

• Develop technology-specific and drug-specific P&P that include downtime and regular 144 

maintenance. 145 

• Establish technology-specific, potentially drug-specific, validation procedures, baseline, 146 

and post-live metrics. 147 

IT and board of pharmacy engagement. Among the first contacts when embarking on a 148 

technological acquisition should be system architecture and information security teams within 149 

IT and the state board of pharmacy policies on the use of robotic technology, as these are 150 

consequential parties for most implementations. IT expertise is particularly essential in 151 

conducting a thorough security review, in addition to interface and technical setup. The critical 152 

importance of IT, particularly the office of information security or a related group, in the 153 

preliminary evaluation of a technology cannot be overstated. Security incompatibilities or 154 

burdensome workarounds associated with security shortfalls can impose short- and long-term 155 

risk of failure of any automation technology. Technology vendors should strive to provide, and 156 

purchasers should explicitly request, a pre-purchase security and workflow analysis.  157 

 Another hurdle to IV workflow management systems and IV robotic technology may 158 

come from a lack of regulatory provisions for such technology. In many states, the extent to 159 

which an IV robot can operate autonomously can only be ascertained in collaboration with the 160 

local board of pharmacy. Validation and sign-off procedures vary, depending on numerous 161 

factors, but are more rigorous for early adopters. The purchaser and organization should have a 162 

sufficient understanding of the rules and regulations regarding the utilization of the intended 163 

technology before any purchase. The purchaser and technology vendor should reach out to the 164 

board of pharmacy to understand validation procedures so performance standards (e.g., 165 

accuracy of the finished product) can be set in advance and adequate time for testing can be 166 

allocated in the implementation timeline. 167 

 Recommendations. Recommendations regarding IT and board of pharmacy 168 

engagement include the following: 169 
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• Engage key stakeholders in IT and the state board of pharmacy early and often in the 170 

acquisition process. 171 

• Understand any necessary waivers, limitations, or validation requirements from the 172 

board of pharmacy prior to purchase. 173 

• A pre-purchase security review should be requested by the purchaser and offered by 174 

the technology vendor. 175 

 176 

Unit of use barcodes and machine-readable lot and expiration dates 177 

IV workflow management systems and IV robots are critically dependent on barcodes and 178 

national drug code (NDC) databases for safe and efficient compounding of sterile preparations. 179 

The presence of machine-readable lot and expirations can greatly improve throughput and 180 

efficiency of such technologies, but there remains a limited regulatory framework and efforts in 181 

the supply chain to consistently support this requirement. ASHP has long advocated that 182 

pharmaceutical manufacturers be required to place machine-readable coding that includes the 183 

NDC, lot number, and expiration date on all unit dose, unit-of-use, and injectable drug 184 

packaging, using symbologies that are readily deciphered by commonly used scanning 185 

equipment.[8] Examples of space-efficient, two-dimensional barcode formats include GS1 186 

DataMatrix, Aztec, or QR Code. Until such coding is provided, the input of ingredients’ lot and 187 

expiration data into IV workflow management systems and IV robots will be fully or partially 188 

manual. 189 

 Recommendations. Recommendations regarding unit-of-use barcodes and machine-190 

readable lot and expiration dates include the following: 191 

• At a minimum, all input consumables should have machine-readable linear barcodes 192 

containing NDC information. 193 

• It is highly desirable for input ingredients to have barcodes containing lot and expiration 194 

data and for IV workflow management systems and IV robots to automatically populate 195 

the information when available. 196 

1. Standardized gravimetric information. Beyond simple NDC validation to ensure 197 

the correct drug product or ingredient was selected, many IV workflow 198 
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management systems and IV robots are increasingly using gravimetric 199 

verification of the diluted, reconstituted, or final preparation. However, highly 200 

precise specific gravities of these preparations are not always readily available. 201 

Alternatives include requesting densities directly from manufacturers, working 202 

with a vendor that provides a library of densities, or determining densities 203 

independently. All three present yet another barrier to entry for institutions 204 

seeking to adopt these technologies and are also frequently a barrier to 205 

efficiency. In addition to the specific gravimetric data that must be measured, 206 

purchasers of IV robots should expect to measure a slew of physical 207 

characteristics of consumable inputs. The resulting resource requirements on 208 

behalf of the purchasing organization’s local support teams can be significant for 209 

both upfront implementation and long-term maintenance. The cost of these 210 

requirements need to be factored into the initial ROI estimations and the 211 

development of P&P to address intake, configuration, and validation of required 212 

measurements. Although some vendors provide a specific gravity database with 213 

their automation product, organizations will need to evaluate the suitability of 214 

such a database’s scope and size as well as the ongoing costs and burdens of 215 

such a service (e.g., the turnaround time to get new data into the database, and 216 

the ability of staff to manually add or contribute to the database). 217 

 Recommendations. Recommendations regarding standardized gravimetric information 218 

include the following: 219 

• Where applicable, understand the requirements of the technology for specific gravities 220 

and physical characteristics; specifically, how the information is obtained and updated, 221 

along with expected turnaround times. 222 

• Where applicable, establish P&P for maintaining the NDC, specific gravity, and physical 223 

dimensions databases; such P&P should specifically address utilization of alternative 224 

products (e.g., other manufacturers, other concentrations) in shortage situations. 225 

Workflow and practice standardization. Workflow standardization will be required 226 

prior to implementation of a workflow or robotic technology.  By definition, they repeat a 227 
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particular process or workflow, but there are less obvious prerequisites both upstream and 228 

downstream that also should be considered. Implementation of such technologies has impacts 229 

outside pharmacy operations, including impacts on provider ordering, patient scheduling, 230 

formulary status, purchasing contracts, and interface and electronic health record design, 231 

among others. There should be no expectation that a newly implemented workflow or robotic 232 

system will fit neatly into old workflows. Understanding how these technologies can support or 233 

enhance existing workflows, how those workflows will need to change, whom those changes 234 

may impact, and how those changes are communicated will be paramount to a successful 235 

implementation. 236 

 A reduction in the number of input additives and subsequently the variety of finalized 237 

outputs for any given workflow or robotic technology can reduce implementation requirements 238 

and maintenance (e.g., maintenance of gravimetric and physical characteristics data). A 239 

reduction in outputs (e.g., the variety of concentrations), as recommended by ISMP,[6] in 240 

addition to reducing the variety of package sizes, can further reduce maintenance resources. 241 

However, significant consideration should be given to the management of shortages. In the 242 

existing environment of frequent shortages, contingency plans to interchange inputs or 243 

alternative outputs (e.g., different concentrations, dose forms, final volumes) or to move 244 

shortage-affected products away from IV workflow and robotics, will be necessary. Proactive 245 

surveillance of shortages and active development of mitigation plans will greatly reduce 246 

disruption. 247 

 Organizations intending to purchase workflow or robotic technologies should have a 248 

structure in place to resolve purchasing and formulary issues with a goal of optimizing safe and 249 

efficient operations while minimizing maintenance overhead, where possible. Therefore, it may 250 

be important to precisely pre-determine the scope of utilization of the technology, including 251 

consideration of a limited scope for initial implementation or a staggered implementation 252 

timeline in defined phases. 253 

 Recommendations. Recommendations regarding workflow and practice standardization 254 

include the following: 255 
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• Design, document, and communicate changes to workflow and practices that will result 256 

from the implementation and optimization of IV workflow management systems and 257 

robotic technologies. 258 

• Establish a defined plan and scope for what can be prepared via IV workflow 259 

management system and robotic technologies, including additive ingredients, diluents, 260 

containers, and finalized outputs. 261 

 262 

Other prerequisites. As IV workflow management systems and robotic technologies 263 

increase in complexity, so do their requirements, which can include physical, environmental, 264 

technical, and financial requirements, in addition to those previously described. A project 265 

manager with a broad understanding of pharmacy operations and with strong relationships to 266 

key stakeholders can help shepherd an implementation project to success. Other potential 267 

considerations may be legal and regulatory, which can influence the extent to which either 268 

workflow or robotic technologies may be used. 269 

 270 

IV workflow management systems 271 

IV workflow management systems augment the technician-centric manual preparation process 272 

of compounding CSPs. These systems automate processes associated with preparing, verifying, 273 

tracking, and documenting CSPs. Such systems incorporate barcode verification of drug 274 

ingredients, provide standardized preparation steps, generate labels, assign beyond-use dating, 275 

capture photographic or videographic histories, and manage prioritization and workload. Some 276 

systems also incorporate gravimetric verification of compounding additives and finalized 277 

outputs.[9] Although not all IV workflow management systems incorporate all these features, a 278 

well-implemented solution with some missing features may be better than a poorly 279 

implemented, feature-rich solution. At a minimum, IV workflow management systems must 280 

have a barcode and dose validation mechanism.  281 

 Minimum and desired functionality. Table 1 summarizes the minimum and desired 282 

functionality that should be considered when evaluating IV workflow management systems. 283 

Appendix 1 provides a literature review regarding IV workflow management systems. 284 
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 Workflow standardization and prioritization. One of the primary benefits of an IV 285 

workflow management system is the standardization of preparation across all staff, at all times. 286 

One requirement of an IV workflow management system is guided stepwise preparation 287 

instructions for all eligible CSPs. Such instructions should include specific ingredient amounts in 288 

both strength and volume, showing the underlying mathematical calculations where possible. 289 

The system should accommodate inputs of differing concentrations to meet the desired dose. 290 

Ideally, the IV workflow management system should allow for in-process checks, which occur 291 

prior to injection or mixing of the drug into base solutions. The syringe pull-back method is not 292 

acceptable, even in conjunction with an IV workflow management system.[10] Similarly, the 293 

operator should not be permitted to prepare more than a single dose at once, with an 294 

exception for batch compounding of products with equivalent drug, strength, and form. Serial 295 

dilutions and dilutions as ingredients for other CSPs should be well supported, as these 296 

processes are critical to preparing CSPs for pediatric patients. 297 

 IV workflow management systems should be able to prioritize workflow based on order 298 

priority (e.g., STAT or routine) and due times (e.g., overdue, first doses, or cart-fill). The work 299 

queue should allow sorting by urgency based on due times and order priority by default, but it 300 

should also be flexible to other sorting options, such as delivery unit or a particular drug 301 

ingredient. The operator should always know what the next most important thing to do is. 302 

Ideally, the complete work queue should be readily viewable to all users and optionally 303 

displayable on monitors in the pharmacy. Operators should always have the ability to override 304 

the work queue, thereby producing any order on demand, including non-patient-specific doses, 305 

if applicable. It is important that the IV workflow management system does not allow doses to 306 

be made until they can be reliably stable at the time they are to be administered. Discontinued 307 

doses should immediately be removed from the work queue. Doses in progress should be 308 

interrupted if discontinued, and verifiers should be alerted to discontinued doses during the 309 

checking process if already prepared.  310 

 Labels generated from the IV workflow management system should contain the correct 311 

beyond-use dating, relative to the time of preparation. The need for auxiliary labeling (e.g., 312 

antineoplastic) and storage requirements (e.g., protect from light, refrigerate) should be 313 
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prompted by the system and require acknowledgment. Bag labels may be printed prior to or 314 

after dose preparation. There is a risk for error when the IV workflow management system 315 

prints a bag label before dose preparation, particularly when staff keep several printed labels in 316 

the work area.[11] Printing of bag labels after dose preparation, in a way that prevents 317 

misapplication to the wrong dose, is highly desired. Labels for re-used doses should account for 318 

the original beyond-use dating. 319 

 Barcode verification. The use of barcode verification of drug ingredients in 320 

compounding CSPs is a well-established recommendation by ASHP and ISMP.[3,12,13] Barcode 321 

verification, along with workflow management and dose verification, is a minimum standard of 322 

any IV workflow solution. Barcode verification should include all additives, diluents, and base 323 

solutions. Errors in barcode validation should produce interactive alerts that scale to the level 324 

of severity of the error. A barcode scan of the wrong drug should produce a hard stop, whereas 325 

a scan for a drug with greater than required amounts should produce prompts with options, 326 

such as “used partial package.” Ideally, the prompting action, including options and severity, 327 

should be configurable at a granular level by the system administrator. IV workflow 328 

management systems should also incorporate automatic capture of lot numbers and expiration 329 

dates whenever that data exists in the barcode to prevent unnecessary keystroke errors by 330 

users and increase throughput.  331 

 Gravimetric verification. Gravimetric verification of additive ingredients and finalized 332 

products has been identified as a best practice by the ISMP and included in the ASHP Guidelines 333 

on Preventing Medication Errors in Hospitals.[12,13] Gravimetrics has been used for decades in 334 

the automated compounding of parenteral nutrition. Gravimetric verification uses an electronic 335 

balance and the specific gravity (i.e., density) of a solution or ingredients to confirm that 336 

accuracy of the additives or final product. By itself, gravimetric verification of additives and 337 

finalized products is not enough to prevent serious compounding errors. Gravimetric 338 

verification should only be used in conjunction with barcode verification, a minimum standard. 339 

Systems that incorporate gravimetric verification during the compounding process, in 340 

conjunction with barcode verification and image capture, could incrementally reduce risks 341 

associated with human preparation of CSPs. The magnitude of the incremental risk reduction is 342 
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not yet clear, although one study suggests that 26% of total errors were identified via barcode 343 

scanning compared to 71% of total errors via gravimetric analysis.[11] However, gravimetric 344 

verification has limitations that must be considered when selecting an IV workflow 345 

management system. There are low-dose and low-volume limits that may require alternative 346 

dose verification methods or a willingness to accept higher dose variances.  347 

 Image capture. By integrating a camera and requiring operators to capture images or 348 

videos of the preparation, verifiers can have visual confirmation of the accuracy and precision 349 

of preparation. Images or videos should be of sufficient resolution to easily discern differences 350 

in the smallest graduations of a syringe. The software should minimize the occurrence of blurry 351 

or out-of-focus images, which can result in unnecessary re-work and waste. Images should be 352 

readily retrievable after preparation and retrospectively for a period of time after dispensing. 353 

For any given CSP, the verifier should have the ability to verify, reject, or return for re-work. Use 354 

of photographic or videographic evidence should support remote verification of prepared 355 

doses, where permissible. The extent to which remote verification can be implemented will 356 

differ and depend on local rules and regulations.  Image capture (for volumetric verification), 357 

gravimetric verification as previously described, or some other dose verification method not yet 358 

described, is a minimum functionality for IV workflow management systems. 359 

 Verification. The verification workflow should incorporate all metadata from the 360 

compounding process, including barcoded product matches of ingredients used, photographic 361 

or videographic evidence, gravimetric analysis where available, and warnings regarding any 362 

diversion from or overrides of the stepwise preparation sequence. The IV workflow 363 

management system should allow for in-process verification of designated CSPs before the drug 364 

is injected. Overall, the interface should allow for safe and efficient checking of many CSPs. 365 

 Documentation and record keeping. IV workflow management systems should provide 366 

a readily and easily retrievable master formulation and compounding records for all activities 367 

within the system, for a specific dispense of a specific order, including specific ingredient lot 368 

and expirations, where available and attributable to a specific user(s). Additional elements 369 

should include assigned beyond-use date, historical record of the printed label(s), any 370 

deviations from or override of the formulation, and electronic signatures and timestamps of 371 
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compounding sign-offs. With an IV workflow management system, it should be possible to 372 

wholly or mostly replace paper-based processes for the logging and checking of CSPs.  373 

 374 

IV robots 375 

IV robots are devices intended to remove most or all human manipulations from sterile 376 

compounding processes to reduce or eliminate errors. These devices range in size, complexity, 377 

and capability from small benchtop units that are placed inside a primary engineering control 378 

(PEC) hood up to large, fully enclosed devices. These systems can be used to prepare CSPs in 379 

batch mode or in patient-specific mode. IV robots have been available for over 10 years but 380 

have not yet been widely adopted; in a 2017 survey, only 2.3% of respondents used any form of 381 

IV robotics, the vast majority being organizations with >600 beds. In comparison, IV workflow 382 

management systems were utilized across 12.8% of all responding hospitals and in over 38% of 383 

hospitals with >600 beds.[5]  384 

 Every IV robot has different features and functions that need to be evaluated carefully. 385 

Smaller robotic systems are generally intended to prepare a limited number of patient-specific 386 

doses or to prepare syringes from a source bag. Large IV robots may consist of an enclosed 387 

cabinet with air filtration and integrated mechanical components to prepare, label, and output 388 

the dose. This relatively new technology is still rapidly evolving, and features and functionality 389 

are likely to change faster than these guidelines can predict. Systems are available with a wide 390 

array of features and functionality, with differing implementations of their features; in contrast, 391 

there is a dearth of evidence evaluating the performance of each specific system. These 392 

guidelines present the minimum and desired functionality of IV robots, but readers are likely to 393 

encounter features not described here. Readers should exercise their professional judgment in 394 

thoughtfully considering the specific implementation of each feature in the context of the 395 

specific system and their particular needs and resources. 396 

 Minimum and desired functionality. The ideal IV robot would be one into which raw 397 

materials are inserted, automatically identified and sorted, then used to prepare perfect doses 398 

with zero failures, complete with labels for each dose, and output to a ready-to-administer 399 

format. Such a robot has not yet been achieved, but it technically feasible with existing 400 
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technology. The principal barriers to achieving this ideal state are cost, size, and throughput of 401 

the system. However, the robots available today may be financially justified when considered 402 

against the costs of manual compounding, including staff compounding time, visual inspection, 403 

documentation, waste from preparation errors, and the costs associated with compounding 404 

errors that harm the patient. IV robots are intended to prevent errors and thus reduce these 405 

costs, and potentially allow for an increase of the total output without substantial cost from 406 

labor increases.  407 

 Table 2 summarizes the minimum and desired functionality that should be considered 408 

when evaluating IV robots. Recommendations are divided into four primary domains: 409 

• Dose preparation: consumable management, the methods the IV robot uses to prepare, 410 

check, label, and output doses. 411 

• Environmental controls: how the IV robot creates, maintains, and monitors an ISO-5 or 412 

better compounding area. 413 

• Database build and change control: how data is entered and controlled to ensure 414 

accuracy. 415 

• Auditing and reporting: what data the robot stores, automatically monitors, and makes 416 

available for reporting. 417 

Because IV robotics is a relatively new technology, their ongoing development is highly driven 418 

by the experience and demands of early adopters. While some desired functionality is 419 

technically feasible today, the cost or other considerations may prohibit their implementation. 420 

In addition, some desired features are available today but are not yet considered as minimum 421 

requirements for a functional robot. That does not preclude the possibility of these features 422 

becoming minimum requirements in the future as technology progresses. Appendix 2 provides 423 

a literature review regarding IV robots.  424 

 Recommendations. Recommendations regarding IV robots include the following: 425 

• A pre-purchase feasibility study for an IV robot should consider safety, efficiency, and 426 

productivity in its financial modeling, including mitigation against novel risks associated 427 

with IV robots. 428 
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• Perform surface and air viable particle sampling as part of standard operating 429 

procedures, including routine monitoring of air quality and validation of the cleaning 430 

and disinfection processes as well as media fill process testing. 431 

• IV robots should have auditable user-levels controls for all activities, such as data entry, 432 

data changes, and system management. 433 

• IV robots should use a combination of barcode-based and/or optical pattern recognition 434 

for positive identification of consumables, gravimetric verification of ingredients and the 435 

finished dose, and software-controlled calculations to eliminate human errors from 436 

compounding processes.  437 

• IV robots should provide the capability to audit any step in the production process, 438 

including any requisite steps performed by a human. 439 

• The impact and extent of human interactions with the IV robot or its configuration 440 

should be limited and controlled in verifiable and auditable manner, including role-441 

specific and privileged changes to databases, configurations, and operations (e.g., 442 

production queue management). 443 

• The IV robot should perform all needed manipulations to produce the ordered dose, 444 

including a finished label with a traceable serialized barcode. 445 

• Relabeling of IV robot-produced doses should be limited to adding auxiliary information. 446 

• The validation and acceptance of the finished dose should be based on the change in 447 

the weight of the bag or syringe after all ingredients are added. Surrogate methods of 448 

finished dose accuracy such as measuring the change in weight of the source vial should 449 

be avoided. 450 

• The IV robotic system should use a segregated holding area or, at a minimum, distinctive 451 

labeling for failed doses, to prevent accidental dispensing. 452 

 453 

Implementation considerations 454 

Items to consider during implementation include capital and project management, regulatory 455 

and legal issues, testing and validation, and training. 456 
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 Capital and project management. The success of an implementation depends on the 457 

quality of the initial project charter, project plan, and budget. Pharmacy leadership and 458 

pertinent stakeholders—including the pharmacy informatics team, facility support 459 

administration, end users, super users, and the project management office—should be involved 460 

well ahead of fiscal deadlines. The charter should clearly define the goals, objectives, scope, 461 

resources, and metrics for the technology. Ideally, such metrics would include current baselines 462 

and measurable performance targets, with specified timelines for achievement. The resources 463 

should include subject matter experts within the organization and members of the 464 

implementation team, as well as the formation of a representative executive committee with 465 

decision-making authority. The project plan should be developed in conjunction with the 466 

institutional project management office (where applicable) tasked with defining the timeline 467 

and sequencing to achieve the goals and objectives defined within the project charter. A 468 

dedicated project manager that understands pharmacy workflows and operations is 469 

recommended.  470 

 Together, the project charter and project plan serve as the basis for the development of 471 

the project budget. A close partnership with the selected vendor is necessary for an accurate 472 

budget. Critical elements to consider include recurring consumable costs, costs to meet 473 

regulatory and other prerequisite requirements (i.e. sterility testing; initial validation), and a 474 

clear delineation for work by vendor included in the initial implementation. Many consumables 475 

such as labels and functional components need to be stockpiled ahead of go-live, adding further 476 

to the project budget. The costs of such requirements, along with any surcharges, should be 477 

provided by the vendor up front to support an accurate budget. Also important are resources 478 

and personnel provided by the vendor, when they are available, how long they remain with the 479 

project after implementation, and how they are charged to the project. In particular, the cost of 480 

their services and support beyond the specified time, if any, should be considered in 481 

contingency funds.  482 

Regulatory and legal considerations. When considering the implementation of an IV 483 

robot or workflow management system, it is important to consider the legal and regulatory 484 

frameworks that govern the facility. The exact requirements are beyond the scope of these 485 
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guidelines, but there are high-level considerations to review prior to purchase and 486 

implementation. Common standards for compounding of CSPs (e.g., USP Chapters 797 and 800) 487 

apply, but it is also necessary to consider other legal, regulatory, and accreditation 488 

requirements that impact the workflow of staff, implementation of certain features, and 489 

potentially, the return on investment. 490 

 The applicable state board of pharmacy’s experience with a particular technology and 491 

the laws, rules, and regulations that apply should also be considered. Because IV robots and IV 492 

workflow management systems are still relatively new in pharmacy practice, their use may be 493 

interpreted under existing statutes that restrict the full benefits of IV workflow and robotic 494 

solutions. Early adopters of technologies may find a higher barrier to entry and more limits to 495 

use than later adopters from a regulatory perspective. Precedent is important, so understand 496 

what has been approved through the applicable regulatory bodies and the limits that exist. 497 

Examples of such may include the number of doses that must be manually checked by a 498 

pharmacist (reducing efficiency), whether the final product requires pharmacist sign-off, 499 

whether the system allows for remote verification of a compounded product (i.e. without 500 

pharmacist presence), number of validation doses that must be prepared before the system can 501 

produce live doses for a particular medication, and a range of other regulatory considerations 502 

that are external to a system’s feature set and functionality. Especially important are 503 

considerations surrounding beyond use dating and applicable sterility testing, which may be 504 

under the purview of both federal and state laws and regulations. It may be worthwhile to 505 

understand from other peer institutions the required steps for system validation, feature set 506 

limitations, and required board of pharmacy exceptions prior to acquiring any workflow or 507 

robotic technology. 508 

Testing and validation. Thorough unit and integrated testing are essential to the success 509 

of an implementation. The project team should work with the vendor to obtain testing scripts 510 

to validate in-process and end-product results. The complexity of testing increases significantly 511 

when the technology is interfaced, particularly with patient orders and the admission, 512 

discharge, and transfer system. In such cases, the project team should work closely with their 513 

electronic health record (EHR) vendor to obtain relevant testing procedures to ensure accurate, 514 
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precise, and efficient functionality. It may be necessary to reach out to peer institutions to 515 

understand EHR specific workflows and workarounds for a given technology.  516 

 Paramount to successful testing is establishing test systems that closely mirror the 517 

production environment. Integrated testing beyond the project team, using end users and 518 

super users, can greatly improve the detection of bugs, defects, and workflow issues not 519 

typically found in testing scripts. The costs of such test environments and removal of end users 520 

from typical work should be considered in the project budget. Establishing test environments 521 

that allow for testing of end-to-end workflows, including any requisite label printing and 522 

product compounding, is essential to success.  523 

 Validation can be considered two distinct requirements: validation of the configuration 524 

and validation of the physically compounded product. Validation is both system-wide as well as 525 

product specific. Unit testing would ensure that the interface from the EHR communicates with 526 

the vended system, whereas integrated testing would ensure that an order in the EHR 527 

accurately communicates with and dispenses out of the system. However, validation of the 528 

system configuration would entail ensuring measurements such as specific gravity and syringe 529 

dimensions, in conjunction with functional testing, produces a product within accepted 530 

tolerances. And while the product produced can be validated by visual confirmation and review 531 

of system audit trails, the subsequent requirements to obtain molecular validation and beyond 532 

use dating are subject to USP Chapter 797, USP Chapter 800, and local rules and regulations. As 533 

such testing is product specific and may include high-cost medications, validation should be 534 

included in the project budget. 535 

 Implementation and training considerations. The implementation and integration of an 536 

IV workflow management system or IV robot can potentially represent seismic changes to 537 

pharmacy operations and workflow. As with any major practice change, organizations should 538 

develop exhaustive workflow analyses and/or proposals and extensive training plans. Early 539 

engagement of front-line staff, pharmacy informatics, and other stakeholders throughout the 540 

organization (e.g. IT, Environmental Services, etc.) during the vendor solicitation and pre-541 

implementation period will be critical to a successful training and communication plan. 542 
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 Vendors should support implementation and training efforts by providing adequate 543 

training materials, in addition to live on-site training and support. As IV workflow systems and 544 

IV robot technologies are still relatively new, customer experiences relative to workflow, 545 

configuration, and/or implementation, both good and bad, should be offered to the purchasing 546 

organization. These bits of experience, along with out-of-the-box training materials, should 547 

serve as the foundation for implementation and organization-specific training. Any formal 548 

return on investment analyses should include initial and on-going costs and time required for 549 

proficient training of front-line staff.  550 

 Training strategies should be considered prior to selecting the vendor and awarding the 551 

contract. Vendors should disclose the type, amount, and cost of training required to safely 552 

operate these systems. Any additional costs to the organization, as it relates to training, should 553 

be explicitly stated and contractually agreed upon – including any additional expenses that 554 

could be incurred.  555 

 The training schedule should be coordinated to avoid disruption to daily operations. 556 

Training should be deemed complete when end users are able to independently perform all 557 

required work specific to their role. Training completion should be documented and regular, 558 

on-going, competencies should be outlined by policies and procedures. Annual refreshers or 559 

competencies, especially when new features or changes to functionality are introduced, are 560 

invaluable in ensuring the continued safe operations of IV workflow and robotic systems. 561 

 Go-live support considerations. Prior to go-live, the project team should work closely 562 

with the pharmacy operations team to identify a contingency plan in the case of a catastrophic 563 

failure during go-live. Any change to the IV room equipment or the workflow associated with 564 

the implementation should be reversible or have a redundant system. The front-line pharmacy 565 

staff should understand what the contingency plan is and be capable of executing it at a 566 

moment’s notice to avoid any delay in patient care. 567 

 One of the most important factors to consider during go-live is to ensure there is onsite 568 

support from the project team and/or the vendor during all shifts. This support is especially 569 

important for evening, overnight, and weekend shifts, since the pharmacy may be running a 570 
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more lean practice model during those shifts and may not be well equipped to handle any 571 

unexpected issue associated with the new system and workflow. 572 

The overall duration of the go-live support should be tailored to the specific pharmacy’s 573 

shift change schedule. Ideally, the go-live should overlap between all shift changes and allow 2-574 

3 days of coverage between each pharmacy staff team. Weekend support is also crucial, since 575 

some pharmacy may have a different staff team for weekend coverage. For example, if a 576 

pharmacy that has the overnight staff change occur every Sunday, the suggested go-live 577 

support may be from Wednesday to the following Wednesday in order to provide adequate 578 

support for all staff members. 579 

Remote support is suggested after the initial on-site support. This support could occur 580 

for another 7 days before the project shifts to the post-live status.  581 

Recommendations. Recommendations regarding implementation include the following: 582 

• Develop a project charter, plan, and budget in close partnership with the vendor, 583 

project management office, and relevant stakeholders of the institution. 584 

• Identify baseline and target performance metrics with specific timelines for 585 

achievement. 586 

• Consider the requisite validation steps and supporting evidence in your timeline and 587 

budget for implementation and maintenance of an IV robotic or workflow solution. 588 

• Where possible, stage testing environments that allow for end-to-end validation of 589 

workflows, labels, and compounded products. 590 

• Develop an extensive training and communication plan in coordination with your vendor 591 

partner, based on out-of-box material customized to the specific design and 592 

implementation decisions of the project. 593 

• Consider a temporary increase in staffing (i.e., staff ramp-up) to compensate for any 594 

possible productivity loss during the training and immediate post-live periods. 595 

• Prepare a contractually agreed-upon training plan that includes type of training (in-596 

person, online, remote, etc.) and duration, including any additional costs that would be 597 

incurred for retraining or extension of training. 598 
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• Outline training plans with documentation that include annual or otherwise regular 599 

evaluations for staff competencies, requiring both knowledge- and skills-based 600 

components. 601 

• A contingency plan will need to be developed and presented to all pharmacy staff prior 602 

to the go-live.  603 

• Project team and/or vendor 24/7 onsite support is highly encouraged.  604 

• The duration of the onsite go-live support should be tailored specifically to the 605 

pharmacy’s shift change schedule, with the goal of providing support to all staff 606 

members during the initial go-live.   607 

• An additional week of remote go-live support may be beneficial before moving the 608 

project to post-live status. 609 

 610 

Maintenance, Support, and Downtime  611 

Items to consider regarding maintenance, support, and downtime include establishing and 612 

maintaining a drug and NDC library, a comprehensive plan regarding consumables, and policies 613 

and procedures regarding support and downtime. 614 

Drug and NDC library. A library of NDCs, associated barcode data, and applicable 615 

product-specific measurements such as specific gravity, dimensions, and tolerances is critical to 616 

the functionality of both IV workflow and robotic systems. IV solutions and syringes may also 617 

require measurement, system configuration, and maintenance. The specific feature set of the 618 

technology may define additional (or fewer) requirements. Given the level of precision to which 619 

some workflow and robotic systems operate (i.e., those using gravimetrics), slight changes to 620 

these components may necessitate re-configuration. Any major change in manufacturers or 621 

introduction of new manufacturers to the supply chain may require potentially significant re-622 

configuration and validation. Ideally, the technology vendor would handle much of the drug 623 

database maintenance, including specific gravities and product measurements. Alternatively, 624 

there may need to be purchase and utilization restrictions for which NDCs to reserve for 625 

gravimetric preparations. In an environment of frequent or unpredictable drug shortages and 626 

rapid changes in acquisition costs, purchase and utilization restrictions can be particularly 627 
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challenging, even impossible. The purchasing teams should work in close partnership with the 628 

system administrators to minimize operational risk related to input variety. Emphasis should be 629 

placed on predicting shortages, packaging changes, and manufacturer changes whenever 630 

possible.  631 

Consumables. Automation may require specific consumables to be utilized. If 632 

organizations choose to use a mock or training environment, additional products may need to 633 

be utilized during the assessment and training phases. During the initial ROI assessment, 634 

organizations should work with vendors to plan for all consumables and their related costs.  635 

Automation that utilizes gravimetrics may require high-accuracy/high-precision scales to be 636 

calibrated. These calibrations may occur as frequently as a daily setup and may require 637 

consumables to complete the task. After completing the initial setup and calibration, 638 

automation may continue to utilize various consumables. IV robots may utilize specialized 639 

needles, syringes, clamps, holders, and labeling materials. The cost, readiness of availability, 640 

and delivery times should be known. 641 

 Depending on the production environment, organizations may need to invest in 642 

specialized cleaning solutions. For example, automation in a USP Chapter 800 643 

cytotoxic/hazardous environment may require different cleaning products than those in a USP 644 

Chapter 797 cleanroom or USP Chapter 795 nonsterile compounding area. To comply with EPA 645 

regulations, organizations may need to invest in additional waste collection receptacles and 646 

locations. In addition, specialized cleaning tools such as dedicated mops and wipes may need to 647 

be purchased. Pharmacy personnel responsible for operating and cleaning automation may 648 

require specific personnel protective equipment. As part of a robust USP Chapter 797 quality 649 

assurance plan, organizations may need to purchase devices, products, and consumables to 650 

perform surface and air microbial testing (e.g., setting plates, growth medium, air sampling 651 

devices, and touch plates).  652 

Support and downtime. The timely success of any technology implementation is highly 653 

dependent on close coordination between the local IT infrastructure and the technology 654 

vendor. Implementation leaders will need to ensure that the project charter and project plan 655 

specifically identify resources from each IT section and their respective responsibilities. After 656 
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the completion of the implementation project, they will need to ensure that a plan exists that 657 

includes the transfer of experience and knowledge from the implementation team to the 658 

maintenance and run teams, if applicable. These teams should be able to confidently diagnose 659 

and recommend solutions for issues such as active directory integration, database setup, server 660 

setup, privilege escalation, interface design and function, and other mission-critical IT 661 

requirements. It is critical that the institutional IT teams have a close working relationship with 662 

the vendor resources and highly advantageous to have key individuals pre-defined for specific 663 

areas of knowledge and understanding. It is also highly advantageous to train key pharmacy 664 

staff to have a working understanding of these areas. When problems inevitably arise, the 665 

ability to quickly and accurately articulate potential root causes can greatly facilitate incident 666 

resolution. 667 

 Beyond identification of key responsibilities, policies and procedures should be 668 

established for support and downtime. Key elements of a support plan include the differing 669 

levels of incident criticality, ranging from the benign to an extended enterprise outage, and how 670 

each level of severity is handled. Specifically, information should include how the vendor 671 

obtains remote access and administrative privileges, on-call information for the various IT 672 

sections, and specific technical information regarding the system setup (i.e., servers, databases, 673 

web addresses, user accounts, internet providers, ports, and other details). The vendor should 674 

have a specific understanding of the institutional support arrangements to allow for rapid 675 

remote access and diagnosis of problems. Similarly, the downtime plan should specify 676 

procedures and methods for continuing operations without workflow or robotic technologies. 677 

The plan should also include directions for initiating and escalating support requests both 678 

internally within the institution and with the vendor. The service level agreement should define 679 

minimum standards for initial incident triage, necessity of onsite support, and terms for device 680 

or part replacement. Where applicable, it may be advantageous to have an on-call system 681 

within the pharmacy administration to triage and coordinate downtime support and resolution. 682 

 It is important to recognize the significant risk of downtime with either IV workflow or 683 

robotic technologies. Depending on the scope and install age, the use of these technologies 684 

may be the only familiar way in which to compound a particular preparation. Pharmacy 685 
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technicians previously skilled in their manual preparation may no longer be so several months 686 

after installation. Downtime, therefore, represents not only an operational risk in the physical 687 

preparation and delivery of a preparation but also a safety risk that may be higher than pre-688 

implementation baselines. There are to date no published studies on counteracting this effect 689 

of technology, but it may be possible though the use of downtime drills to maintain manual 690 

preparation skill sets, as is done with natural disaster drills and code blue simulations. 691 

Incorporating intermittent downtime simulations for products that become solely compounded 692 

by workflow or robotic technologies is recommended.  693 

Recommendations. Recommendations regarding maintenance, support, and downtime 694 

include the following: 695 

• Work with vendor partners to minimize maintenance associated with drug, NDC, and 696 

specific gravity databases 697 

• Coordinate closely with IT and vendor partners to identify key responsibilities and 698 

develop policies and procedures for support and downtime. 699 

• Consider downtime simulations to maintain manual preparation skills for preparations 700 

that are fully dependent on workflow or robotic technology. 701 

 702 

Conclusion 703 

As IV workflow and robotic technologies continue to expand in installations and capabilities, the 704 

practice of compounding sterile preparations will inevitably change. Although it is unlikely that 705 

all institutions will implement both IV workflow software and robotic compounding, the 706 

favorable features of many workflow and robotic technologies described in these guidelines will 707 

become increasingly important in determining the standard of care for compounding of sterile 708 

preparations in the near future. The ability to combine both barcode validation of the 709 

ingredients with gravimetric or photographic confirmation and retrospective retrieval 710 

represents a significant paradigm shift in practice.  711 

 The potential limitations of these systems and inevitable introduction of new risks must 712 

also be considered, however. While such limitations and risks do not preclude embracing these 713 

technologies, it is important to both understand and plan for mitigating known and potential, 714 
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unknown risks. As a market in its relative infancy, there is a dearth of peer-reviewed, published, 715 

evidence-based literature describing specific vendor-product combinations, and much of what 716 

is marketed as IV workflow or IV robotic technologies vary greatly in features and functions. 717 

Critically, there is an even greater deficiency in research describing implementation failures and 718 

high-risk new error types associated with such technologies. Until more research is published, 719 

users must rely on the limited research available and the expert opinion of those experienced in 720 

implementing those technologies. As the number of installations and experience expand in 721 

future years, these guidelines for the implementation of IV workflow and robotic technologies 722 

will need to be updated and supplemented with other resources as necessary. Readers of these 723 

guidelines are encouraged to share their experiences in implementing IV workflow and robotic 724 

technologies through publication, educational presentations, and involvement in the ASHP 725 

Section of Pharmacy Informatics and Technology, as well as direct communication with the 726 

authors. 727 
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Appendix 1. Literature review: IV workflow management systems 728 

There remains a paucity of peer-reviewed research describing IV workflow management 729 

systems, especially in comparison to IV robots. Therefore, relatively less is known about the 730 

intended and unintended consequences of IV workflow management systems, especially the 731 

specific benefits of a mixture of features, such as barcode verification in conjunction with image 732 

capture or gravimetric verification. It should be noted due to the large variety of vendors, 733 

previous lack of guidelines for desired and minimum feature sets, and very rapid iteration and 734 

innovation in this space, the results of these studies cannot easily be generalizable to all 735 

products of this category. More importantly, the product-specific implementation of a feature 736 

is important - a poorly implemented verification step that results in frequent false positives 737 

(e.g. wrong volume errors, blurry images) is no better and potentially more harmful than no 738 

barcode verification at all. Such barriers result in operators taking workarounds that may 739 

increase risks for undetectable errors.  740 

 As of this writing, five studies exist in our literature review that specifically studies what 741 

these guidelines constitutes as IV workflow management systems. The studies cover two 742 

vended products: Baxter DoseEdge and BD Pyxis IV Prep (previously BD Cato). It is important to 743 

note that the feature-set of these products may not be equivalent and similar features may not 744 

be implemented in the same way, so results may not be directly comparable. 745 
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 In one of the earliest studies, Speth et al.[1] evaluated DoseEdge for the preparation of 746 

chemotherapy, non-chemotherapy CSPs, and ready-to-use (RTU) doses (i.e. Hospira ADD-747 

Vantage, Baxter Mini-Bag Plus and Vial Mate) over a 12-month period. Following Speth, Moniz 748 

and colleagues[2] studied DoseEdge for the preparation of pediatric doses over a 13 month 749 

period. In 2016, Reece et al. [3] piloted BD Cato in the preparation of three chemotherapy 750 

drugs--fluorouracil, cyclophosphamide, and gemcitabine--over a 12-month period. Deng et 751 

al.[4] also studied risk factors for compounding errors in DoseEdge for straight-draw and 752 

dilution doses over a 12 month period. More recently, Lin et al.[5] studied the benefits and 753 

impact of DoseEdge, and Roberts et al. [6] studied a gravimetric-based Pyxis IV Prep in 754 

hazardous preparations.  755 

 756 

Compounding Errors 757 

Common of most studies was an evaluation of error rates. The primary proposed benefit of an 758 

IV workflow solution is that they reduce compounding errors. An observational study suggested 759 

the average error rate for IV admixing, excluding RTU doses and without the assistance of an IV 760 

workflow solution, was on average 9% (range 6%-10%).[7] Speth et al. reported an error rate of 761 

1.4%, including RTU doses.[1] Moniz et al. reported a pharmacist-detected error rate of 0.68%, 762 

excluding the errors caught by barcode scanning that represented 60% of the error rate 763 

reported by Speth.[1,2] Reece et al. found a quite high error rate of 7.1% with their gravimetric-764 

based Cato system, with 26% of those errors caught by barcode scanning and 71% by 765 

gravimetrics. Their self-reported error rate for un-assisted doses was 0.096%, which led the 766 

authors to believe the IV workflow management system improved the detection of 767 

compounding errors.[3] Deng et al. found an overall error rate of 0.74%, with 73% of errors 768 

caught before the pharmacist check.[4] Lin et al. found an error rate of 1.14%.[5] Overall, the 769 

use of an IV workflow management system provides a definite benefit in detecting and 770 

reducing compounding errors. Further research would be required to determine if gravimetrics 771 

has any additive benefit compared to photographic verification; or if there are additional 772 

synergies in the combination of photographic and gravimetric verification. Moreover, it is not 773 
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well understood how many and what types of errors still reach the patient while using an IV 774 

workflow solution. 775 

 776 

Turnaround Time 777 

Turnaround time is another common metric. IV workflow management systems require 778 

barcode scanning, image capture, and/or gravimetric measurements - each of these additional 779 

steps add to the total compounding time. Conversely, IV workflow management systems also 780 

provide step-by-step instructions that could theoretically reduce overall turnaround time. 781 

Turnaround time is generally defined as the duration between the start of compounding to the 782 

completion of pharmacist verification of the final product. Some studies further delineated 783 

between compounding and pharmacist check. Speth et al. reduced turnaround time for new 784 

orders from 15 minutes to 10 minutes for stat doses and 13 minutes for first doses; 785 

chemotherapy from 52 minutes to 34 minutes.[1] Reece et al. reduced average turnaround 786 

time from 9.2 minutes to 6.0 minutes; pharmacist verification time from 3.17 minutes to 2.0 787 

minutes.[3] Roberts et al. reported a reduction of median preparation time from 445 seconds 788 

to 359 seconds; and pharmacist checking time from a median of 45 seconds to 19 seconds. It is 789 

important to note this time was based on a gravimetric system, which precluded review of 790 

images.[6] Conversely, Lin et al. reported an increase in preparation time by 0.17 minutes and 791 

pharmacist check time by 0.71 minutes.[5] Overall, IV workflow solutions seem to provide only 792 

mild benefits in overall turnaround time that may have been attributed to a more consistent 793 

and guided preparation process. Additionally, Roberts et al. demonstrated that initial post-794 

implementation time studies may not accurately predict long-term time studies after staff has 795 

been more accustomed to the new process.[6] 796 

 797 

Cost Savings 798 

Few studies placed specific numbers on the potential cost savings or ROI of using an IV 799 

workflow solution. Speth et al. first reported a savings of $30,000 over a 12-month period from 800 

waste avoidance alone.[1] Lin et al. reported an overall savings of $144,019 over a three-month 801 

post-implement period associated with wasted and missing doses. The vast majority of the 802 
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savings were associated with a $126,133 decrease in wasted drug acquisition cost after 803 

implementation of the IV workflow management system. Other savings were associated with 804 

labor costs, accessory costs, and disposal costs.[5] Other studies have looked at labor savings 805 

associated with a decrease in technician preparation time, pharmacist check time, label sorting 806 

time, and etc.[3] However, it is unlikely any of these savings would be realized, as the extra 807 

time would be repurposed towards other activities. The best metric for quantifying ROI with IV 808 

workflow management systems seems to be waste/re-work avoidance. However, the 809 

magnitude of that benefit is highly dependent on the organization’s baselines and quality of 810 

self-reporting and error detection. 811 

 812 

Previously Less Detectable and Undetectable Errors 813 

It is widely understood that a well-implemented IV workflow management system would detect 814 

errors associated with the pull-back method, where the injected amount differs from the 815 

drawn-back amount. And with the integration of barcode scanning, most instances of wrong 816 

drug, wrong diluent, or wrong concentration are caught. This may represent somewhere 817 

between 67% and 78% of all errors.[1,4,5] Overall, wrong volume errors comprise of a sizable 818 

chunk of total errors - between 22%[7] and 36%[2] for image capture solutions and up to 74% 819 

for gravimetric solutions[2]. The large discrepancy between the error rates of the two types of 820 

IV workflow may have numerous root causes. One explanation may be the variability in the 821 

accuracy of syringes[9] that is detected by gravimetric systems but not image capture. More 822 

studies are needed to identify the incremental benefit, or lack thereof, of using a gravimetric 823 

system. Another consideration is whether there are clinical implications associated with volume 824 

errors detectable with gravimetric analysis. 825 

  826 

Introduction of Novel Errors/Problems 827 

The introduction of IV workflow software has created new types of errors not previously 828 

associated with traditional manual preparation methods. The addition of new steps to the 829 

compounding process such as barcode scanning, image capture, or gravimetric measurements 830 

has introduced new failure modes. In particular, staff that attempt to work around system 831 
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features or limitations create errors that may be undetectable or unpredictable. Deng et al. 832 

found a greater-than-expected number of incorrect drug errors associated with staff 833 

compounding mini-batches of sterile compounds all at once.[4] Moniz et al. noted that 31.3% 834 

(525) of errors were newly introduced by the IV workflow management system. Early in their 835 

implementation, technicians would forget to cap the needle or syringe during image capture, 836 

breaking the sterile field of the laminar flow. However, the study suggested 98% of the newly 837 

emergent errors were associated with image capture issues - with 96% due to omitted 838 

images.[2] Moving to gravimetric validation presents its own set of novel errors. Reece et al. 839 

reported a possibility of weight discrepancies from foreign objects or incorrect products on the 840 

scale, independent of any actual drug volume issues.[3] Roberts et al. found that several final 841 

products required weight variances beyond the standard +/- 5% due to low volume (< 5 mL) 842 

and removed doses < 1 mL entirely from the gravimetric system.[6] Organizations should be 843 

ready to identify and address new error types introduced by IV workflow software.  844 

 845 

Other Considerations 846 

The implementation of an IV workflow management system does not preclude the need for 847 

technicians and pharmacists to work carefully. Pharmacists alone have detected error rates of 848 

up to 24%[7], highlighting their role in error prevention even without the assistance of an IV 849 

workflow management system. Reece et al. reported that many non-value-added processes 850 

were eliminated from their workflow, including order label timing and sorting, waste 851 

management, and inventory counts. Additionally, they recognized that the management of 852 

partial vials was beneficial in light of drug shortages and potential savings were recognized by 853 

preventing waste resulting from compounding errors. Reece also reported challenges with 854 

collecting product densities from pharmaceutical manufacturers to complete their database 855 

prior to implementing gravimetric functionality.[3]  Moniz et al. highlighted the ability of an IV 856 

workflow management system to detect errors during the preparation of bulk dilutions and 857 

reconstitution of bulk vials that have the potential to affect multiple patients and multiple 858 

doses.[2] 859 

 860 
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Summary 861 

It is well understood that IV admixture is an inherently risky process that is prone to human 862 

error. Based on our review of the literature, it is clear that a well-implemented IV workflow 863 

management system can reduce the rate of compounding errors, which occurs at an incredible 864 

rate of 9% on average. The use of IV workflow significantly increases the rate of error detection 865 

and thereby reducing overall compounding errors that reach the patient. Beyond the core 866 

patient safety benefits, IV workflow may provide ancillary benefits in compounding and 867 

workflow consistency, turnaround time, and waste reduction. Such solutions should be 868 

carefully selected and implemented, with policy and procedures to monitor and address novel 869 

errors that may be introduced. In light of its benefits and in consideration of the literature, it is 870 

the recommendation of the authors of this review that IV workflow become the standard of 871 

care, as automated dispensing cabinets and smart infusion pumps are now. 872 
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Appendix 2. IV robots literature review 873 

IV robots inherit and build upon many positive benefits seen in IV workflow management 874 

systems. The primary benefits of IV robots over IV workflow management systems stem from 875 

their semi-autonomous nature, which can reduce and potentially eliminate human errors. 876 

While well-implemented IV workflow management systems can detect errors through 877 

gravimetric validation and visual inspection, there remain undetectable and novel errors that 878 

must be accounted for and mitigated against. Protection of the staff from hazardous materials 879 

exposure a primary benefit of IV robotics. And because of an IV robot’s semi-autonomous 880 

nature, they have the potential to increase IV room productivity with minimal impact on labor 881 

costs, especially when leveraging simultaneous robotic and manual compounding processes. 882 

Use of multiple IV robots can further increase productivity. In such a model, a single technician 883 

can be responsible for a pair of IV robots and while each robot is working, prepare consumables 884 

for subsequent preparations, or perform manual compounding.  885 

 In contrast to IV workflow management systems, there is significant evidence in the 886 

literature describing and supporting the use of IV robots. The limitation is seen in the limited 887 

number of vended products the evidence represents - just three products and almost 888 

exclusively describing the preparation of hazardous compounds. In particular, four of the 889 

twelve peer-reviewed research articles describe a robot, CytoCare by Health Robotics, that has 890 

since been discontinued and replaced with i.v.STATION ONCO. Additionally, each IV robot 891 

described has gone through iterative improvements since their publication. Clearly, there are 892 

opportunities for further research, including operating robots in semi-autonomous batch 893 

modes and compounding of non-hazardous preparations. Excluding the CytoCare research, 894 



DRAFT ASHP Guidelines: IV Workflow and Robotic Technologies    34 

 

which is important in its own right, the remainder of the eight articles describes either 895 

Loccioni’s APOTECAchemo (7), or Omnicell’s i.v. STATION ONCO (1). At the time of writing, we 896 

could not find peer-reviewed literature describing another IV robot - RIVA by ARxIUM. Again, 897 

we must emphasize that the feature-set of these products may not be equivalent and similar 898 

features may not be implemented in the same way, so results may not be directly comparable. 899 

 900 

Compounding Errors 901 

The foremost benefit of an IV robot must be safety - for both the operator (i.e. technicians) and 902 

for the patient. From this standpoint, IV robots seem to provide a potential benefit to both. 903 

Seger et al. was able to detect a significant decrease in the rate of dose inaccuracy, defined as 904 

exceeding ± 5% of the ordered dose, from 12.5% to 0.9% by the CytoCare robot. However, they 905 

found no changes to patient safety, based on the likelihood of causing harm, between the 906 

manual process and IV robot (0.7% of doses vs. 0.7%).[1] Yaniv and Knoer reported a 1.2% rate 907 

of “dose issues” with APOTECAchemo, defined a dose variance of ≥ 4% or, optionally by clinical 908 

judgment, < 4%. Of these doses with issues, only five doses (0.07%) were found to have a 909 

variance of > 10%.[2] Conversely, perhaps anomalously, Chen et al. described an overall failure 910 

rate of 9.53% exceeding the ± 5% threshold. These failures were attributed to the CytoCare 911 

robot drawing air in addition to drug into the syringe. A change in the syringe grip reduced the 912 

error rate from 11.5% to 6.0%, which would still prove worse than comparable manual 913 

compounding methods.[3] Nurgat et al. reported error rates over three years of 0.9%, 23%, and 914 

15%, in year 1, 2, and 3, respectively. Additional compounds were added for robotic 915 

preparation in each year, increasing overall error rates. In this study of CytoCare, over 40% of 916 

cyclophosphamide doses were rejected. Such levels of errors highlight the importance of a well-917 

implemented system and careful consideration of the types of compounds to prepare via IV 918 

robot.[4] Perhaps more importantly, Masini et al. reported drug-specific error rates, as some 919 

dose forms may be more prone to error. While overall compounding error rate of their 920 

APOTECAchemo was 3.73%, all 13 errors were attributed to gemcitabine and trastuzumab. 921 

Interestingly, manual compounding resulted in only 4 doses (1.2%) exceeding the ± 5% 922 

threshold.[5] The idea of drug-specific error rates is further supported by Iwamoto et al, who 923 
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reported a mean absolute error of robot compounding to be 0.83% and 0.52% for fluorouracil 924 

and cyclophosphamide, respectively. In comparison, manual compounding resulted in a mean 925 

absolute error of 1.20% and 1.46%, respectively. Only the robotic compounding of 926 

cyclophosphamide was significantly different (P < 0.05).[6] Such results are comparable to 927 

those found by Bhakta et al. with the i.v.STATION ONCO, where combined mean accuracy was -928 

0.58% +/- 0.01%, with only 2.1% of doses failing to meet the ± 5% threshold. Overall, robotic 929 

compounding of chemotherapy seems to be highly accurate when well-implemented.[7] It is 930 

evident that certain drugs are more prone to compounding errors, which suggests careful 931 

consideration of what should be produced via IV robot. Further research would be required to 932 

extrapolate these results to non-hazardous patient-specific or batch compounding.  933 

 934 

Turnaround Time 935 

How fast an IV robot can complete a preparation is often a major consideration. After all, 936 

pharmacy departments must meet the business needs in a timely fashion. Early studies have 937 

suggested IV robots are significantly slower than their human counterparts in preparing the 938 

same hazardous dose. Seger et al. found that mean preparation times for technicians was 7:24 939 

compared to the 10:51 of the CytoCare robot. Interestingly, pharmacist check time decreased 940 

by 76% from 3:13 to 0:46 for the same preparations.[1] More dramatically, Chen et al. reported 941 

average CytoCare preparation times of 10-20 minutes in comparison to manual compounding 942 

times of 3-5 minutes. While required doses were upwards of 300 per day, they could only 943 

produce approximately 50 per day through their IV robot.[3] Several other studies, including 944 

those by Nurgat et al. and Masini et al. support the theory that IV robots currently have limited 945 

throughout.[4,5] One more recent study by Bhakta et al. of i.v.STATION ONCO, a latest 946 

generation IV robot, was able to find a decrease in mean turnaround time when compared to 947 

manual compounding. Interestingly, the authors compared IV robotic compounding (53.2 +/- 948 

32.2 minutes) to IV workflow-assisted manual compounding (64.1 +/- 27.9 minutes), which has 949 

the additive requirement of barcode scanning and image capture. It is not evident which IV 950 

workflow management system was used.[7] Overall, IV robots preparing chemotherapy have 951 

limited throughput. It may be that newer generation IV robots have more robust turnaround 952 
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times, but such a conclusion is not yet supported by the literature. Moreover, it is not clear how 953 

these throughputs can be extrapolated to non-hazardous compounding. 954 

 955 

Personnel and Environmental Safety 956 

The FDA classifies Pharmacy Compounding Devices/Systems (PCDs) as Class II medical devices. 957 

Vendors of PCDs must establish a quality management system, and submit Medical Device 958 

Reports (“MDRs”) as defined and required by the FDA. Based on the FDA’s database of product 959 

recalls, the IV robots appear to be extremely reliable producing millions of doses without error. 960 

But given the incredible complexity of IV robots, there is an array of novel risks that should be 961 

considered and mitigated. As many are self-contained and semi-autonomous, there are many 962 

mechanical, environmental, and operational dependencies. With added complexity comes 963 

increased points of failure. A simple example might include isolation failure, where a failure of 964 

the high-efficiency particulate air (HEPA) system may result in loss of the ISO 5 environment 965 

and microorganism contamination within the direct compounding environment. The mitigation 966 

may be equally simple in the form of continuous particulate monitoring of the compounding 967 

area, but the point is to identify foreseeable risks and evaluate potential mitigations.  968 

 Two studies to date examine the environment and personnel contamination associated 969 

with IV robots. The earliest was conducted by Sessink et al. with CytoCare.[8] More recently, 970 

Schierl et al. evaluated APOTECAchemo’s environmental performance against a traditional 971 

biological safety cabinet (BSC; class II type B3). Both studies present results that are highly 972 

context-specific and would not be good candidates to be summarized. However, both studies 973 

suggested minimal internal contamination related to normal operations and minimal to non-974 

contamination of external surfaces, including the finalized dose. Specifically, cyclophosphamide 975 

was detectable on the surface of 14 of 20 manually compounded bags compared to 3 of 20 976 

bags prepared by APOTECAchemo. When found, contamination on manually prepared doses 977 

was two or more orders of magnitude higher than those by the IV robot. Refer to each study for 978 

complete details.[9] Overall, a well-implemented and maintained IV robot seems to provide the 979 

benefit of reduced environmental contamination and personnel exposure to potentially 980 
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hazardous substances. This benefit is particularly profound in the context of hazardous 981 

compounding. 982 

 983 

Cost Savings 984 

One of the first studies by Seger et al. addressed the potential of direct cost savings from 985 

utilizing IV robots in hazardous compounding. They found a reduction of $6.92 per preparation 986 

from the elimination of closed system transfer devices (CSTD) during compounding. Annualized, 987 

they would have saved $115,500 in 2012 dollars. Conversely, it is important to note that 988 

mechanical issues were found in 4.6% of doses in the same study, a small portion of which 989 

resulted in drug waste.[1] The cost savings associated with the elimination of CSTDs are 990 

reinforced with studies conducted by Masini et al. and Nurgat et al.[4,5] However, the savings 991 

do not reflect potential drug waste costs due to mechanical or software failures, which 992 

happened fairly frequently in early studies. 993 

 IV robots do not seem to reduce labor costs to any significant extent. Seger et al. found 994 

labor costs were reduced $0.12 per preparation, primarily by a reduction in pharmacist check 995 

time.[1] The lack of labor reduction was reinforced by Chen et al, who found that despite the IV 996 

robot accounting for 2 person-hours per day, it required 6 person-hours per day to manage and 997 

maintain.[3] Conversely, Masini et al. was able to report cost savings associated with both 998 

technician and pharmacist labor, despite consistently longer preparation times with IV robots. 999 

This was attributed to a reduction in the number of technicians from 2 in the manual process to 1000 

1 with the APOTECAchemo. The study reported a breakeven point of 34,000 preparations (~93 1001 

per day), after which the use of the IV robot would be more advantageous. It is important to 1002 

note this figure includes the fixed amortization of €66,000 for the robot. Of particular 1003 

significance, the typically reported daily throughput of an IV robot is currently ~50 for 1004 

hazardous compounding.[5] Bhakta et al. reported a savings of $27.56 per dose with 1005 

i.v.STATION ONCO based on a reduction of CSTD utilization, which annualized to $129,477 in 1006 

savings. Their target breakeven point was 8.6 years post-implementation, excluding any labor 1007 

efficiencies.[7] Overall, the primary cost-benefit of IV robots described in the literature is in the 1008 

ability to reduce CSTD utilization. Minimal reductions were seen in labor costs. Importantly, no 1009 
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studies to date evaluated this endpoint in non-hazardous or batch compounding, which would 1010 

have different incentives. Additionally, no studies evaluated the theoretical performance 1011 

benefit of having multiple IV robots controlled by a single operator. 1012 

 1013 

Introduction of Novel Errors / Problems 1014 

IV robots, by nature, require accurate and precise mechanical function. When the mechanics, or 1015 

supportive software, break down, there can be unintended and unpredictable consequences. In 1016 

one of the earliest studies, involving the CytoCare product, Seger et al. found that 4.6% of doses 1017 

prepared by robot resulted in mechanical errors.[1] Yaniv and Knoer describe several types of 1018 

wide-ranging mechanical issues with APOTECAchemo, including misshapen needles, dropped 1019 

vials, grip issues (of vials and syringes), and vial recognition issues (i.e. unreadable barcodes, 1020 

label creases). It’s important to consider that such otherwise benign issues for humans can 1021 

cause major problems with IV robots. They separately describe human errors related to drug 1022 

loading and total volume calculations - highlighting that such errors are still a possibility with IV 1023 

robots.[2] Other problems may arise that may be completely irrelevant to actual compounding 1024 

but still cause operating problems - such as the closing failure of waste bin lids as described by 1025 

Chen et al.[3] Nurgat et al. reported uptimes ranging from 39-61% of available workways over a 1026 

three year period. Causes of downtime were numerous, from mechanical failures of clamps, 1027 

software failures, incompatibility of supplies and ingredients, changes to ingredient packaging, 1028 

lack of specific gravity information, and drug shortages.[4] It is likely this category is most 1029 

specific to the particular IV robot product and how compounding features are implemented. It 1030 

is important to exhaustively consider the malfunctions and downtime of each product and have 1031 

written agreements for how they can be resolved in conjunction with the vendor. 1032 

 1033 

Limitations 1034 

It is important to thoroughly understand the specific functionality of any IV robot prior to 1035 

purchase. Each system will continue to undergo further enhancement as the market grows - it 1036 

is important to understand what is not possible and the timeline for what may be possible in 1037 

the future. For example, in 2012 APOTECAchemo was unable to cap syringes with a CSTD and 1038 
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thus could not produce doses where the final container was a syringe.[2] Nurgat et al. reported 1039 

limitations in CytoCare requiring preparation of IV bags rather than syringes, including air 1040 

bubbles in small volumes and the inability to cap syringes.[4] And because vials of sterile water 1041 

for injection (SWFI) were not available in Taiwan, the CytoCare robot could not be used to 1042 

reconstitute powdered drugs.[3].  1043 

 1044 

Validation Requirements 1045 

IV robots, unlike IV workflow software, has a much higher bar of validation that is highly 1046 

dependent on local board of pharmacy (BOP) regulation. The earliest study to describe this 1047 

process was Yaniv and Knoer and the APOTECAchemo in the state of Ohio, which took 6 months 1048 

(October 14, 2011 through March 16, 2012) and required every step of the robot to be verified. 1049 

This entailed an independent measurement (weighing) of each compounding step.[2] 1050 

 1051 

Other Considerations 1052 

Overall, semi-autonomous systems such as IV robots are prone to data entry errors (e.g. 1053 

configuration of a component’s concentration) where humans can be more resistant – resulting 1054 

in a whole batch or, potentially, all subsequent preparations to be dangerously incorrect. 1055 

Importantly, it should be noted that semi-autonomous IV robots still need human input, which 1056 

allows for human factor errors such as mislabeling final products. Even IV robots that label final 1057 

products may be prone to programming and data entry errors, resulting barcodes that 1058 

reference the wrong drug or labels that describe the wrong dose. Most importantly, institutions 1059 

that come to rely heavily on IV robots in their daily operations are more critically impacted 1060 

during unexpected system downtimes. Pharmacy staff compounding products previously 1061 

handled completely or in-part by IV robots may be wading into unfamiliar territory.  1062 

 1063 

Summary 1064 

Similar to IV workflow management systems, the market for IV robots has a wide variety of 1065 

products at differing levels of maturity, each with unique implementations of seemingly 1066 

equivalent feature sets. When implementing IV robots, it is important to consider each system 1067 
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in the context of the product-specific implementation of each feature. An understanding of the 1068 

practice and technological gaps specific to each particular implementation methodology is 1069 

critical to the safe and successful integration of IV robots into the sterile compounding 1070 

operations of an institution.  1071 
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Table 1. Minimum and desired functionality of IV workflow management systems. 

Parameter Minimum Functionality Desired Functionality 

Workflow Standardization and 

Prioritization 

● Interface to the electronic health record (EHR) via 
standardized communication protocols to receive patient 
specific orders  

● Guided stepwise preparation instructions for all eligible 
compounds 

● Instructions that include specific ingredient amounts in 
both weight and volume 

● Instructions that show the underlying mathematical 
calculations where possible 

● Prohibits the compounding of more than a single dose at 
once 

● Flexible work queue that allows prioritization based on 
order priority and due times can be overridden to 
produce doses on demand, including non-patient-specific 
doses 

● System prevents dispensing of doses that cannot remain 
effective (i.e., by beyond-use dating) by the 
administration time 

● Discontinued doses are immediately removed from the 
work queue 

● Prepared doses that are discontinued cannot be checked 
for dispensing 

● Prints labels in a way that prevents misapplication to the 
wrong dose 

● Prints labels with correct beyond-use dating, relative to 
the time of preparation 

● Prompts the necessity of auxiliary labeling and storage 
requirements 

● Functionality that allows for in-process remote checking 
before injection or mixing of drug into base solutions 

● Batch mode that allows for the safe bulk compounding 
of drugs with similar drug, strength, and form 

● Work queue that allows re-sorting based on due times, 
order priority, and other options such as a particular 
unit or drug ingredient 

● Work queue that is readily viewable by end users and 
displayable on common-area monitors 

● Labels for re-used doses should account for the original 
beyond use dating 

Barcode Verification ● Barcode verification of all additives, diluents, and base 
solutions 

● Errors in barcode validation should produce, at 
minimum, a soft-stop alert 

● Errors in barcode validation should produce  interactive 
alerts that scale to the level of severity of the error 

● Error prompts should be configurable to a granular level 
by the system administrator 
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● Barcode validation should automatically capture lot and 
expiration whenever that data exists in the barcode 

Gravimetric Verification ● Gravimetric verification should only be used in 
conjunction with barcode verification; never by itself 

● The weight should be translated to the equivalent 
volume and be displayed next to the expected volume 
and absolute percent difference for the preparer and 
checking pharmacist 

● The system should allow for different error tolerances 
based on drug and potentially volume 

● Vendor of gravimetric-based workflow management 
systems articulates the limitations of the scales (e.g. low 
volumes) or products that are accepted (e.g. cannot 
weigh with CSTDs) 

● Vendor supplied and maintained specific gravity 
database for a wide-array of drug products 

Image Capture ● Images or video should be of sufficient resolution to 
easily discern differences in the smallest graduations of a 
syringe  

● The software should minimize or eliminate the 
occurrence of blurry or out-of-focus images that result in 
re-work and waste 

● Images should be readily retrievable after preparation 
and retrospectively for a period of time after dispensing 

● Pharmacists should have the ability to verify, reject, or 
return for re-work any given dose based on the images 
captured 

 

Pharmacist Check/ Verification ● The pharmacist verification workflow should incorporate 
all metadata from the compounding processing 

● The metadata should include, at a minimum, the 
ingredients used, photographic and/or videographic 
evidence, gravimetric analysis where available, and 
warnings during the process 

● The workflow management system should allow for in-
process checking of designated preparations before drug 
is injected into the bag 

● Computer assisted or automated volumetric dose 
assessment and verification 

EHR, electronic health record; CSTD, closed-system transfer device. 
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Table 2. Minimum and desired functionality of IV robots. 

Parameter Minimum Functionality Desired Functionality 

Dose Preparation  ● Increased throughput-turnaround time should 
be at least equal to a comparable manual 
compounding process; when coupled with 
reduced visual inspection/pharmacist check 
time and automated documentation, the IV 
robot should significantly lower the total labor 
requirement 

● All other label data required by the hospital or 
by regulatory requirements should be printed 
by the robotic system; manual labeling should 
be limited to adding auxiliary information only 

● Ability to prepare multi-ingredient admixtures 
such as epidural infusions 

● Ability attach tamper-evident caps and/or 
CSTDs 

● Reconstitution does not use shared 
needle/spike between different drugs 

● Ability to withdraw overfill and volume of drug 
being added  

● Automated visual inspection for completeness 
of reconstitution and presence of particulate 
in finished dose 

● Colorized and customized labels 
● Automatic correction of dose that fails final 

weight check 
● Ability to fill elastomeric infusers and infusion 

cassettes 
● Automatic retrieval and input of consumable 

lot and expiration date at run time 
● Automated assembly of needles and syringes 
● Ability to use needless preparation systems 

        Consumables and Final Containers ● Capability to prepare doses in bags and syringes 
● Compatibility with a broad range of consumables from 

different manufacturers and capability to quickly change 
from one to another in the event of a shortage 

● Capability to quickly adapt or train a new drug package or 
changes in an existing package’s physical characteristics 

● System automatically calculates consumables needed based 
on orders and provides operator with a pick list 

● System supports ability to combine different vial sizes to 
achieve a minimum waste with ability to override the 
system-selected items 

● Loaded inventory is verified by barcode and/or optical 
recognition and initially weighed 

● System stores lot and expiration date of consumables and is 
traceable to the finished dose 

        Order Management ● Interface to the EHR via standardized communication 
protocols to receive patient specific orders 

● Real-time queue management to add new orders, 
reorganize the existing queue, or remove existing orders 
from in-process compounding 

● Capability for administrator/pharmacist to create and save 
templated batches; operators should not be able to create 
ad hoc queues without pharmacist verification 

        Dose Preparation ● Capability to prepare dilutions for dispensing or drawing up 
as ingredients of subsequent preparations 

● Method to manage internal vial pressure to prevent 
leakage during manipulation and drawing air into the 
syringe 

● Reconstitution supports multiple concentrations, shaking 
and, settling parameters 
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        Drug and Dose Verification ● Gravimetric verification of the finished dose and 
reconstitution diluent 

● Tolerance for acceptance of dose should include 
consideration of the scale accuracy, precision, and 
variability 

● Scale(s) used for gravimetric functions automatically 
perform internal calibration regularly, alerts user to 
perform external mass calibration when needed, and will 
not run if not calibrated 

● System stores the scale calibration history in a retrievable 
manner 

● Doses that fail verification should be labeled distinctly to 
reduce the risk of that preparation being accidentally 
dispensed; and ideally discarded into a waste container or 
placed in a segregated location for analysis 

● The finished dose should be labeled with, at minimum, 
drug name, dose, diluent name, diluent volume and/or 
total volume in container, preparation date, beyond-use 
date, storage conditions, batch identifier, and a serialized 
barcode that enables the dose to be traced back to the 
ingredients used during compounding 

● Ability to fill empty bags and empty vials 
● Specialized reconstitution and draw profiles 

for delicate or special method drugs (swirling, 
double dilution, special diluents) 

● Ability to use ampules as a drug or diluent 
input 

Environmental Controls ● Air quality: ISO-5 in operation with integrated particle 
counting and configurable alarm levels 

● Air flow: unidirectional airflow at every site where sterile 
manipulations are performed 

● Pressurization: Positive or negative as appropriate for 
compounding type, with airflow controls to maintain 
pressurization when doors are opened for enclosed devices 

● For negatively pressurized systems, physical barriers and/or 
airflow controls to prevent lesser quality air from entering 
the cell during loading 

● If output of finished doses occurs while compounding is in 
progress, the system integrates a method to prevent lesser 
quality air from entering the compounding area during the 
output process 

● Integration to facility monitoring systems with 
real-time data exchange on compounding 
environment 

● Compatibility with CSTDs and ability to use 
primed lines for hazardous drug preparation 

● Automated disinfection of consumables 
● Automated cleaning and disinfection of the 

compounding cell 
● Media fill challenge protocols auto-generated 

that mimic most challenging compounding 
manipulations performed on the device 
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● Cleaning and disinfection cycles are monitored and 
recorded 

Database Build and Change Control ● The system should have password and/or biometric access 
control for log in 

● The system should be compliant with facility and regulatory 
requirements for user and password management 

● The robotic system should have at least two user privilege 
levels that segregate operating and administrative 
functions 

● Data entry, system configuration and approval of 
compounding templates and non-variable data elements 
should be allowed only by administrative user level 

● The system should have a method to require an 
independent double check of all non-variable data entered 
prior to use for preparation of patient doses 

● The system should have a method for creation and saving 
of batch compounding templates so that operators can 
execute a prebuilt template when needed 

● Operators should not have the ability to alter orders, 
templates, and label data, with the exception of entering 
variable data such as lot/batch identifier(s) and 
consumable lot/expiration date data at run time 

● All functions that alter data should be logged by the system 
with user ID and date/time stamp 

● SOPs should include appropriate controls for 
documentation of database changes and subsequent 
testing prior to using new data for preparation of patient 
doses 

● Prebuilt library of consumable data that is 
regularly and automatically updated from a 
vetted data source 

Auditing and Reporting ● The system should automatically store the pedigree data 
for each dose, including the source container(s), 
gravimetric data recorded during the compounding 
process, images of the vials and bags, the data printed on 
the label, and the operator who performed the loading and 
execution of the compounding queue Each piece of data 
should include a date/time stamp 

● Real-time interface to external inventory 
management systems for automated picking 
and increment/decrement of CSPs 

● User-level access to data for creation of ad hoc 
reports without requiring custom code 

● Automated system adjustment based on 
accuracy and precision metrics 
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● Data regarding a particular dose should be retrievable 
through a unique dose serial number assigned by the 
system 

● The system should record environmental monitoring data, 
including particle counts, temperature, and differential 
pressure Environmental monitoring data should be 
retrievable for a specified date/time range to allow 
auditing during a specific batch in the event of a suspected 
sterility breach 

● The system should record data regarding scale calibration, 
cleaning history, and preventative maintenance activity 

● The system should store data on accuracy, precision, and 
repeatability of finished doses and ideally alert the 
operator or administrator when these parameters exceed 
configurable alert/alarm levels Reports of these three 
parameters should be available for auditing of system 
performance 

● The effectiveness of cleaning and disinfection should be 
audited periodically through surface sampling and system-
performed media fill challenge protocols 

EHR, electronic health record; CSTDs, closed-system transfer devices; ISO-5, International Organization for Standardization air cleanliness 
classification 5; SOPs, standard operating procedures; CSPs, compounded sterile preparations. 
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