
Introduction

As a subset of hazardous drugs, chemotherapy represents 
the highest spend in the global pharmaceutical market1 yet 
continues to be one of the fastest-growing expenses in the 
healthcare industry.2,3 Increasing financial expenditure on 
these and other lifesaving injectable drugs creates concerns 
for consumers, healthcare professionals, hospitals and 
governments.1 More efficient use of these hazardous drugs 
could reduce waste, provide significant cost savings and help 
reduce consumption of medications that are often in short 
supply.2,4-6

Drug waste is a widespread and costly issue that can 
occur when chemotherapy drugs are packaged in single-
dose vials that contain quantities larger than the amount 
needed.6 Drug waste can divert 7%-15% from a hospital’s 
annual oncology budget and contribute to medication 
shortage.7 One study found that waste of chemotherapy 
drugs could account for as much as 16%-18% of a hospital’s 
total drug cost.8 Furthermore, extrapolation of the waste 
associated with the use of the most frequently prescribed 
chemotherapy drugs suggests potential annual losses in the 
billions of dollars for the global healthcare market.5

Complete withdrawal of hazardous drugs from vials can 
minimize waste during cancer treatment.9,10 A needle and 
syringe are customarily used to attempt complete removal 
of drugs from their vials; however, the approach requires 
additional steps and manipulation of drug vials and 
increases the risk of harm to healthcare workers through 
potential sharps injuries and exposure to hazardous 
chemicals.11,12 Drug-vial spike adapters or dispensing pins offer 
an alternative to the more traditional needle and syringe 
that allows for reconstitution and multiple withdrawals of 
a drug from a single entry through the vial septum.13 These 
devices can, however, leave residual drug volume in vials and 
may not adequately address hazardous drug exposure risk.13,14

Closed system drug transfer devices (CSTDs) provide an 
additional option to both needle and syringe and the drug-
vial spike adapters and dispensing pins available on the 
market.15 Designed to reduce the exposure of healthcare 
workers to hazardous agents,16 CSTDs have also become 
recognized for allowing efficient withdrawal of drugs 
from vials, thereby minimizing drug waste and potentially 
lowering costs by reducing the volume of drug that remains 
in a vial after use.2,9,10

The BD PhaSealTM Optima System is a CSTD that securely 
attaches to drug vials and creates an airtight, leakproof 
system to safely transfer hazardous drugs in solution (Fig. 1).  
Its design meets the National Institute for Occupational 
Safety and Health (NIOSH) definition of a CSTD because 
it prohibits the transfer of environmental contaminants 
into the system and the escape of hazardous drug or vapor 
concentrations outside the system, thereby minimizing 
individual and environmental exposure to drug-vapor 
aerosol and spills. In addition to meeting the NIOSH CSTD 
definition, the BD PhaSeaLTM Optima System Protector was 
designed to maximize extraction of drug-vial contents and 
minimize residual drug loss, which may help to reduce drug 
waste and costs.†

The performance of the BD PhaSealTM Optima System 
was evaluated and compared with that of other devices 
marketed as CSTDs in terms of residual drug loss (i.e., 
volume of fluid that remains in the vial after use) when 
used with 20-mm glass vials filled with 20 mL of fluid. The 
BD PhaSealTM Optima System demonstrated the lowest 
residual drug loss.13
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The average residual fluid loss was tested for components 
of four commercially available systems marketed as 
CSTDs (i.e., BD PhaSealTM Optima System, BD, Franklin 
Lakes, New Jersey; Equashield® CSTD, Equashield®, Port 
Washington, New York; Tevadaptor® CSTD, Teva Medical 
LTD, Shoham, Israel; ChemoLockTM Needlefree CSTD, ICU 
Medical, San Clemente, California) (Table 1). Ten replicates 
of each device were tested sequentially with 20-mm glass 
vials filled with 20 mL of fluid. Fluid loss was assessed by 
measuring the amount of fluid volume (in milliliters of 
water) that was retained within each system and vial. 
The weights of all individual components and assemblies 
of each system were measured and recorded at various 
stages of the fluid transfer (Fig. 2) to account for each 
component’s contribution to the total residual fluid loss  
of each system.

Figure 1. The BD PhaSealTM Optima System Protector and Injector with vial 
and syringe attached.

Table 1. Systems evaluated against the BD PhaSealTM Optima System

CSTD Component Reference no. Vial adapter diameter (mm) Syringe adapter volume (mm)

BD PhaSealTM Optima System
Protector P20-O P20-O 20 -

Injector N35-O N35-O - 20

Equashield®

Vial adapter 20 VA-20/ 2 20 -

Syringe unit 20 SU-20/ 2 - 20a

Tevadaptor®

Vial adapter 412111 20 -

Syringe adapter HF 412118 - 20

ChemoLockTM

Closed-vial spike CL-80 20 -

Syringe adapter CL2000S - 20

aLuer-lock syringes were used to test all devices except the Equashield® CSTD.  
The Equashield® CSTD has a fixed proprietary syringe attached to the syringe adapter. 
†Bench test results may not necessarily be indicative of clinical performance  



Figure 2. Experimental design. The initial weights of all vials and system components were measured and recorded before vial filling and sealing.
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Vial adapters were connected to filled vials  
and weighed. Syringe adapter assemblies  
were also weighed.

Each device was used according to its 
instructions for use to remove as much fluid  
as possible from filled vials.

The syringe adapter assemblies were 
reconnected to the vial adapters and all fluid  
in the syringes expelled through the adapters.

Syringe adapter assemblies were connected  
to their corresponding vial adapters.

Syringe adapter assemblies were detached from  
the vial adapter assemblies. Vial adapter assemblies, 
now with fluid withdrawn, were weighed.

Vial adapters were disconnected, and the empty 
syringe adapter assemblies were weighed.



The BD PhaSealTM Optima System, on average, had the best 
total residual drug loss performance (0.2451 mL) of the 4 
CSTDs tested at the 95% confidence level. The BD PhaSealTM 
Optima System outperformed both the Tevadaptor® CSTD 
(0.4966 mL) and ChemoLockTM CSTD (0.5356 mL) by more 
than 100%. (Fig. 3).

Most of the residual fluid loss (approximately 70%-90%) for 
all systems was found in the vials and vial adapters. Some 
of this loss was attributed to the dead space inside the vial 
adapters, but most was attributed to the fluid that remained 
inside the vials after drug withdrawal.

Figure 3. Average total system fluid loss for each system tested. The 95% confidence intervals (CIs) are indicated.
The BD PhaSealTM Optima System, on average, had the best total residual drug loss performance of the four CSTDs tested.
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The piercing element of each CSTD, which has a unique 
design and establishes the fluid path used to withdraw drugs 
from vials, may be responsible for the variation in residual 
drug loss performance.

Waste due to residual drug loss in the CSTDs may result in 
the need for additional vials to administer required doses, 
which drives up treatment cost. Minimizing this waste could 
enable hospitals and healthcare professionals to provide 
sufficient doses of drugs while using fewer vials, which could 
lead to cost savings. It could also help to align patient and 
facility expenditures on drugs more closely with the actual 
amount of medicine used.

Conclusion

Because of its design, which includes an optimized spike-
fluid channel and secure vial attachment, the BD PhaSealTM 
Optima System had the lowest residual fluid loss of all 
CSTDs tested. Minimizing residual fluid loss with a CSTD 
such as the BD PhaSealTM Optima System may translate 
into a reduction in drug waste that may help optimize 
preparation of hazardous drugs and increase cost savings for 
hospitals and healthcare professionals and their patients.1,17
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