
By Kevin Hansen, 
PharmD, MS, BCPS
Assistant Director  
of Pharmacy 
Sterile Products,  
Special Formulations,  
Perioperative Services
Moses H. Cone  
Memorial Hospital
Cone Health 

Introduction
Hospital pharmacies shoulder the responsibility to ensure the highest quality and safety of the 
compounded sterile preparations (CSPs) they provide to patients. Despite the constancy of 
this objective, the path to achieving it fluctuates in response to supply chain variability, regula-
tory changes, emerging technology, and hospital financial pressures, among other factors. 

At Moses H. Cone Memorial Hospital in North Carolina, procurement and produc-
tion of IV medications have undergone significant shifts in the past 3 years. We now 
use lower-risk methods of IV medication administration to the greatest extent possible, 
and we are able to respond nimbly to drug shortages. These operational improvements 
are accomplished by insourcing IV production using the Omnicell i.v.STATION robot. 

Robotics enable us to produce large volume batches of IV medications with a high 
degree of confidence in the process. Yet the efficiency of an IV insourcing program 
goes beyond the robot alone. With staffing and support from Omnicell’s Central 
Pharmacy IV Compounding Service, we minimized the time to transition to IV auto-
mation. Cost sharing for stability studies enables us to produce a greater number of 
products, and data sharing with other institutions helps us optimize our production 
processes. These aspects add value that extends beyond the technology alone, to 
maximize return on investment (ROI).
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shaker for exactly the time frame required to provide 
full reconstitution, reducing the risk of undissolved 
powder. Whereas a human who feels rushed by pro-
duction pressures might be tempted to cut the recon-
stitution time short, the robot carries out the task as 

programmed every time, 
minimizing this risk.

Humans often err 
due to fatigue, stress, or 
poor technique. Techni-
cians are typically un-
aware of these types of 
errors, and as such can-
not take steps to correct 
them. Conversely, if the 
robotic production pro-
cess goes awry, the ro-
bot instantly issues an 
alert about the failed 
preparation. 

The IV robot captures 
extensive data through-
out the production pro-
cess that can supplement 
the checking process. It 
is important to note that 
USP <797> standards 

outline key quality assurance steps that include a final 
product visual inspection for particulate matter in solu-
tion, absence of leakage, and accuracy and thorough-
ness of labeling. The pharmacist should continue to per-
form the visual inspection of the final CSP, even when it 
is produced by a robot.1 With the additional data sup-
plied by the robot for any given syringe, a pharmacist 
can check the percentage of drug included based on 
gravimetric analysis and view pictures of the vial from 
which the drug was drawn. Each syringe has a bar code 
that can be used to identify the specific robot that pro-
duced the drug, which technician loaded it, the exact 
time the drug was prepared, the percent deviation from 
expected weight, and the drug’s lot number and expira-
tion date. 

This abundance of data supports effective quality con-
trol and quality assurance measures and provides a high 
degree of confidence in the process. Unlike manual com-
pounding, there is no need to make assumptions that 
proper procedure was followed. The detail of each step 
can be reviewed with the robot; for example, the data will 
clearly confirm that the proper amount of solution was 
removed from a bag before the drug was added. 

As we started producing large-volume batches on 
the IV robot, we grappled with the most efficient way to 
check the products. Some institutions check at a given 
interval, usually every 2 hours. At Cone Health, we opted 

Safety First
Safety was the primary driver for our decision to imple-
ment IV robotics at Moses H. Cone Memorial Hospital. 
By minimizing human involvement in sterile compound-
ing, IV robotics reduce the opportunity for contamination. 
Automation also delivers 
consistent reliability in 
terms of verifiable prod-
uct accuracy. 

The importance of 
these two safety factors 
is increasingly evident  
as the scale of produc-
tion expands. We rely 
on i.v.STATION robots to 
produce large volume 
batches of non-patient 
specific drugs, with spe-
cial consideration given 
to drugs to be adminis-
tered to multiple patients, 
in order to minimize the 
risk of contamination and 
ensure faithful adherence 
to the standardized pro-
duction process. Produc-
tion in an IV robot takes 
place within a restricted access barrier system utilizing 
laminar airflow, with all manipulations being performed 
by a robotic arm. Removing the human element from the 
critical production steps eliminates the most common 
source of contamination. 

Quality Assurance: Consistent Production, 
Better Data
Standardized production is an essential element of 
quality and safety. While manual processes are sub-
ject to variability, the IV robot compounds a product 
the same way every time, in accordance with its pro-
grammed specifications. 

Omnicell’s engineers customize the i.v.STATION robot 
to run production processes to the pharmacy’s particular 
specifications including the exact ingredients and materi-
als used. Utilization of the robot minimizes the potential 
for human error, as each aspect of the production proto-
col is standardized and the robot performs each step with 
consistency and reliability. For example, for a given proto-
col the robot will call for the specified needle gauge size, 
the robotic arm will insert the needle into the drug vial at 
the specified angle, and use the specified amount of air 
to displace the drug in the vial into a syringe, reducing 
opportunities for variation. If a certain lyophilized pow-
dered drug includes a longer than average reconstitution 
time, the robot can be programmed to leave it on the vial 

By minimizing  
human involvement  

in sterile compounding, 
IV robotics reduce the 

opportunity  
for contamination. 

Automation also delivers 
consistent reliability  
in terms of verifiable 

product accuracy. 
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to check at the completion of 
each batch, which required de-
fining what constitutes a batch.

With two i.v.STATION ro-
bots, we can run the same 
product simultaneously, us-
ing ingredients with the same 
lot number, and overseen by 
one technician. After consult-
ing with the North Carolina 
Board of Pharmacy, it was de-
cided that this constitutes two 
separate batches because two 
i.v.STATION robots are being 
used. In the event of a failed 
sterility test, this definition of-
fers the benefit of a simpler 
investigation on a single robot, 
and in the event of confirmed 
sterility test failure, only half as 
much product would need to 
be destroyed. 

Producing more batches 
does require more sterility test-
ing, but it also protects patient 
safety. Sterility testing of an 
adequately sized sample is an 
essential aspect of our large volume batch production. 
The policy at Cone Health is to not release any prod-
uct from quarantine until sterility results show that the 
batch passed. In the event that a product supply is about 
to become depleted before sterility results are returned, 
we have designed an option of producing more of the 
product under the same protocol, but without assigning 
extended beyond-use dating. Once verified by a pharma-
cist, the product can be immediately dispensed, averting 
the risk of an internally created drug shortage. 

Sharing Data and Costs to Increase ROI
It is clear that a robotics program improves the safety and 
quality of production processes; the next step is to evalu-
ate the logistics of setup and the opportunities for effi-
ciency and ROI gains. 

We observed some challenges with operational effi-
ciency during site visits to other facilities with IV robots. 
Questions arose as we planned to implement the robots 
at our facility: Do we have the necessary stability studies? 
Can engineers come onsite when adjustments to the ro-
bots are needed? How does staff get the training to run 
these devices efficiently enough to reach target volumes?

Omnicell’s Central Pharmacy IV Compounding Ser-
vice is a turnkey approach to implementing robotics 
in the hospital pharmacy (see the SIDEBAR).2 For a 
monthly fee, hospitals receive the technology, trained staff, 

and support to run the program. With the IV Compound-
ing Service, Cone Health surpassed 25,000 doses within 
the first 3 months of automated compounding. Our part-
nership with Omnicell also provides us with access to stud-
ies and analytical tools that optimize our ROI, including 
their formulary toolkit and the REINVENT registry.

Formulary Toolkit
Extended BUD requires a stability-indicating study for each 
product, demonstrating that the drug is stable in the ex-
act container and concentration that will be produced. In 
addition to potency, these studies include factors such as 
container closure integrity, particulate matter, and forced 
degradation under various conditions. Because they are 
so robust, stability studies can take several months to 
complete and can be expensive. 

Omnicell has developed a cost-sharing model among 
hospitals who participate in their IV Compounding Ser-
vice, called the Formulary Toolkit (FTK). Omnicell funds 
stability studies for compounds of interest, which they 
make available in the FTK. Hospitals may purchase access 
to the stability study for a fraction of the total cost, and 
then produce the drug following the prescribed proto-
cols using the robots. Because the cost of these stud-
ies could be prohibitive for individual institutions, cost-
sharing enables hospitals to include a wider range of IV 
medications in their production lineup.

Source: Hansen K. Insourcing Ready-to-Administer Syringes with IV Robotics. Pharmacy Purchasing & Products. 
www.pppmag.com/download.php?webinar_slides=17&file=files/webinars/slides/insourcingrtasyringes.pptx. 
Slide 21. Accessed November 20, 2019. 

FIGURE 1

Drug Selections for the IV Robot
Syringes Bags

Drug % of Total Drug % of Total

Succinylcholine 21.0% Vancomycin 39.7%

Cefazolin 14.4% Oxytocin 15.4%

Neostigmine 11.4% Phenylephrine 6.6%

Rocuronium 10.8% Heparin 6.5%

Ceftriaxone 9.6% Cefazolin 4.5%

Heparin 4.5% Calcium Gluconate 3.3%

Fentanyl 4.0% Magnesium Sulfate 2.8%

Ketamine 3.9% Epinephrine 2.5%

Lidocaine 3.2% Diltiazem 1.8%

Cefepime 2.5% Insulin Regular 1.8%

Glycopyrrolate 2.1% Clindamycin 1.2%

Propofol 1.5% Other 13.3%

Ephedrine 1.4%

Midazolam 1.2%

Other 8.5%



PRODUCT SELECTION AND OPTIMIZATION

Strategies for IV Robotic Production

REINVENT Database
At Cone Health, our decisions to produce particular prod-
ucts were guided by our four main reasons for insourcing:

1. Alleviating drug shortages of sterile injectables 

2.  Insourcing products previously purchased from  
a 503B outsourcing compounding facility

3.  Compounding products via automation instead  
of manual production 

4.  Dose optimization to reduce drug waste and  
provide value to patients

Within these categories, finding a balanced mix of 
products is a data-driven process. We rely on our own 
cost data to determine which insourced products have a 
high ROI; most often, these are 503B substitutes. We also 
evaluate data from REINVENT, a blinded registry of Om-
nicell i.v.STATION customers.3 REINVENT provides highly 
detailed, real-world data about all products that are be-
ing made with the IV robots. For a given drug, you can 
see each robot’s output, including the number of preps 
per hour and the product by yield percentage. This data 
is useful to benchmark our production, and to refine 
our production processes for maximum efficiency (see  
FIGURE 1). 

With enough high-ROI, high-efficiency products in the 
mix, we can justify automated production of the slower, 
less cost efficient products, such as vancomycin, which 
would otherwise be made manually. We adjust our pro-
duction list if a product becomes commercially available, 

a shortage resolves, or a new stability study is completed 
for a drug that we are interested in. 

Conclusion
Pharmacy leaders must constantly evaluate their options 
in order to optimize care for each patient and deliver value 
to the institution. Insourcing IV production has given us 
the flexibility we need to respond to changing situations. 
Because of the robotic technology, we have a high degree 
of confidence in the safety and quality of our products. 
We were able to implement our IV automation program 
quickly and efficiently through the Omnicell IV Com-
pounding Service program, and we expect to expand our 
production and refine our production processes though 
ongoing collaboration and data sharing.
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 SIDEBAR 

Omnicell’s Central Pharmacy  
IV Compounding Service2

The Omnicell Central Pharmacy IV 
Compounding Service provides technology, 
trained staff, and support to enable hospital 
pharmacies to experience the benefits of IV robot 
compounding rapidly. The IV Compounding Service 
is a subscription-based model: for a monthly fee, 
hospitals are able to use the i.v.STATION robots, 
and Omnicell provides technicians who are trained 
in your facility to run them. Omnicell handles the 
performance evaluations for these technicians  
and provides PRN coverage. 

The service contract includes volume targets 
based on the number of robots and technicians at 
the hospital and desired drug production. Omnicell 
incurs a financial penalty for failing to meet these 

targets, thereby aligning its incentives with those of 
the hospital. As part of the IV Compounding Service, 
Omnicell engineers are available to adjust or fix the 
robot when needed.

Participation in the program provides access to 
the Omnicell Label+ program, which enables hospitals 
to fully customize the labels (eg, size, color, font, etc) 
on their products, minimizing lookalike issues.

The subscription model is unique in that unlike 
purchasing or leasing equipment, the hospital does 
not have an ownership interest in the robot. This 
arrangement provides flexibility as the technology 
changes. It also provides a third financing option for 
hospitals looking for a way to begin an IV robotics 
program. 


