
The BD PhaSeal™ Optima System 
Assessment of microbial ingress 

Introduction
The aseptic preparation of hazardous 
drugs is a routine procedure in many 
hospital pharmacies. Traditionally, 
injectable hazardous drugs were 
withdrawn from vials by using a sterile 
syringe and needle,1 which carries a risk 
of needlestick or sharps injury and 
hazardous drug exposure.2 Subsequently, 
drug-vial spike adapters have been 
introduced to help reduce these risks to 
healthcare worker safety.3,4 While these 
drug-vial spike adapters allow for 
reconstitution and multiple withdrawals 
of a drug from a single entry through a 
vial septum, they can leave residual drug 
volume in vials and may not adequately 
address hazardous drug exposure risk.2-4 

Although such manipulations are 
typically carried out in a primary 
engineering control (e.g., biologic safety 
cabinet), repeated vial access through 
these adapters may introduce 
environmental contaminants such as 
microorganisms into the drug 
transfer system.1 

Over the past decade, the use of closed- 
system drug transfer devices (CSTDs) for 
the preparation and administration of 
hazardous drugs has become a standard 
of practice.1,2,5 These devices mechanically 
prohibit both the escape of hazardous 
drug or vapor concentration outside the 

system and the transfer of environmental 
contaminants, including microorganisms, 
into the system.1,2 For drugs packaged in 
single-dose vials without antimicrobial 
preservatives, in which the prevention of 
microbial ingress and assurance of drug 
sterility may be an issue, the use of CSTD 
systems that prevent microbial ingress 
may be one part of a program to enable 
a facility to safely extend the use of 
chemically stable drugs when coupled 
with appropriate practice controls.7 

According to published studies, CSTDs 
that prevent microbial ingress may be 
one part of a program to reduce 
hazardous drug waste, which may 
provide significant cost savings and 
potentially help reduce consumption  
of scarce medication.7,11 Studies that 
have investigated the potential of CSTDs 
to maintain the microbial integrity of  
drug transfer systems have shown that 
the BD PhaSeal™ system prevents 
microbial ingress during preparation  
and storage.6,8,9,12

The BD PhaSeal™ Optima system is a 
new CSTD built on the foundation of the 
BD PhaSeal system. It mechanically 
prohibits the transfer of environmental 
contaminants into the system and the 
escape of drug or vapor concentrations 

outside the system, thereby minimizing 
release of vapor aerosol and spills and 
preventing microbial ingress.13-15

While previous studies have reported  
the reduced risk of microbiologic 
contamination provided by the BD 
PhaSeal system, the aim of the current 
study was to evaluate the performance 
of the BD PhaSeal Optima system as a 
barrier to microbial ingress and 
contamination during simulated 
preparation and administration of 
hazardous drugs.13-15 The assessment 
included a clinical simulation in which  
BD PhaSeal Optima system protectors, 
connectors, and infusion adapters (Fig. 1) 
were exposed to repeated inoculation, 
disinfection, puncture and flush cycles for 
7 days in an International Organization 
for Standardization (ISO) Class 5 
environment.13-15 The study demonstrates 
that the BD PhaSeal Optima system 
prevents microbial ingress for up to  
168 hours and 10 penetrations.13-15
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Performance of the BD PhaSeal 
Optima System protector, 
connector and infusion adapter13-15

Methods
Three components of the BD PhaSeal Optima system 
were challenged by at least 1 x 103 colony-forming 
units (CFUs) of each of four microorganisms (i.e., 
Staphylococcus aureus, ATCC#6538; Staphylococcus 
epidermidis, ATCC#12228; Klebsiella pneumoniae, 
ATCC#4352 and Pseudomonas aeruginosa, 
ATCC#9027) that were chosen for this study because 
they are among the most common causative agents 
of catheter-related bloodstream infection.16

The microbiologic integrity of individual BD PhaSeal 
Optima system protectors, connectors and infusion 
adapters (N=10 replicates each) was monitored 
through 10 activation cycles per replicate over a period 
of 7 days. Each activation cycle consisted of 
inoculation, disinfection of the CSTD membrane and 
vial access followed by a saline flush of the system to 
capture organisms. (Note: four protector activation 
cycles on Day 7 were combined into one flush to 
capture organisms.)

The BD PhaSeal Optima system protector was tested 
for its ability to maintain the sterility of simulated  
drug solutions in vials (Fig. 2A). Another component, 
the BD PhaSeal Optima system connector, was 
evaluated for its ability to maintain sterility of IV lines 
subject to a simulated IV push (Fig. 2B). The  
BD PhaSeal Optima system infusion adapter was 
also tested for its ability to maintain sterility of  
IV bags (Fig. 2C). 

Figure 1. The BD PhaSeal Optima System (A) protector, (B) connector  
and (C) infusion adapter. 
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Figure 2. Experimental design of the (A) BD PhaSeal Optima System protector, (B) connector and (C) infusion adapter evaluations. Negative controls 
were identical to the samples without inoculation. Process simulation controls were run concurrently with the samples without disinfection. Positive 
recovery controls were conducted by inoculating the device with challenge organisms, then immediately extracting in peptone water, 0.1%, diluting and 
enumerating the number of microorganisms deposited on the test surface via the plate count method. 

Inoculate the 
protector 
membrane with 
the challenge 
microorganism.

Disinfect with an 
alcohol pad by using 
a twisting motion 
with friction for  
3 seconds. Let dry  
for 1 minute.

Connect a saline syringe 
equipped with an injector to 
the disinfected protector.

Flush saline through the system, 
invert and then withdraw.

Disconnect the 
syringe from the 
system and flush 
the recovered saline 
through the filter. 
Retain the protector  
for further testing.

Rinse the filter, plate on growth 
medium, incubate and perform  
plate counts.

Repeat by using the original 
protector but with new 
injectors and saline syringes.

B. C.A.

Inoculate the 
connector 
membrane with 
the challenge 
microorganism.

Disinfect with an 
alcohol pad by using 
a twisting motion 
with friction for  
3 seconds. Let dry  
for 1 minute.

Disinfect with an 
alcohol pad by using 
a twisting motion 
with friction for  
3 seconds. Let dry 
for 1 minute.

Connect a saline syringe 
equipped with an injector to 
the disinfected connector.

Flush saline 
through the 
system and  
onto a filter.

Flush saline 
through the 
system and  
onto a filter.

Rinse the filter, plate on growth 
medium, incubate and perform  
plate counts.

Disconnect the connector and 
retain for further testing.

Repeat by using the original 
connector but with new 
injectors and saline syringes.

Inoculate the 
infusion adapter 
with the challenge 
microorganism.

Connect a saline syringe  
equipped with an injector to the 
disinfected infusion adapter.

Rinse the filter, plate on growth 
medium, incubate and perform 
plate counts.

Disconnect the infusion adapter  
and retain for further testing.

Repeat using the original 
infusion adapter but with new 
injectors and saline syringes.
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Results and discussion

A total of 280 flushes were performed on the BD PhaSeal Optima system protectors, while 400 flushes each were performed  
on the connectors and infusion adapters. No CFUs were observed after plating and incubation of any of these saline flushes  
(Figs. 3 and 4). Results for positive recovery controls, negative controls, and positive process controls were all within acceptance 
criteria and did not negate the test results.

Figure 3. Performance of (A) the BD PhaSeal Optima System protector and (B) connector as barriers to microbial ingress. No microbial 
growth was observed after plating and incubating the saline flushes recovered from these BD PhaSeal Optima System components. 

No growth

BD PhaSeal Optima System protector

Organism
Challenge organism concentration 
applied to membrane (CFU/mL)

S. aureus 1.1 x 106–2.6 x 106

S. epidermidis 1.2 x 106–6.8 x 106

K. pneumoniae 3.5 x 105–8.8 x 105

P. aeruginosa 1.5 x 106–5.9 x 106

Organism No. of CFUs recovered

S. aureus 0 of 70

S. epidermidis 0 of 70

K. pneumoniae 0 of 70

P. aeruginosa 0 of 70

BD PhaSeal Optima System connector

Organism
Challenge organism concentration 
applied to membrane (CFU/mL)

S. aureus 9.8 x 104–2.3 x 106

S. epidermidis 5.0 x 105–2.0 x 107

K. pneumoniae 4.7 x 103–6.1 x 106

P. aeruginosa 1.7 x 105–2.5 x 106

Organism No. of CFUs recovered

S. aureus 0 of 100

S. epidermidis 0 of 100

K. pneumoniae 0 of 100

P. aeruginosa 0 of 100

Step 2: saline flush— 
direct from syringe 
through connector   

Step 1: inoculate Step 1: inoculate

Step 2: saline flush— 
from syringe,  
through the  
protector to vial  
and back

No growth

B.A.

400x

280x
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No growth

BD PhaSeal Optima System infusion adapter

Organism
Challenge organism concentration 
applied to membrane (CFU/mL)

S. aureus 8.8 x 104–1.9 x 105

S. epidermidis 5.8 x 105–1.7 x 106

K. pneumoniae 1.6 x 105–5.7 x 105

P. aeruginosa 2.0 x 105–3.0 x 105

Organism No. of CFUs recovered

S. aureus 0 of 100

S. epidermidis 0 of 100

K. pneumoniae 0 of 100

P. aeruginosa 0 of 100

Step 2: saline flush— 
direct from syringe  
through infusion adapter  

Step 1: inoculate

Figure 4. The BD PhaSeal Optima System infusion adapter as a barrier 
to microbial ingress. No microbial growth was observed after plating 
and incubating the saline flushes recovered from the BD PhaSeal 
Optima System infusion adapter.

Conclusion
The BD PhaSeal Optima system (Fig. 5) prevents microbial 
ingress for up to 168 hours and 10 penetrations, as 
demonstrated by the data and results. The protector, 
connector and infusion adapter components of the BD 
PhaSeal Optima system can each prevent microbial ingress 
for up to 10 penetrations and 168 hours for up to  
10 transfers of hazardous drugs.13-15 A CSTD such as the  
BD PhaSeal Optima system may be used as part of a 
comprehensive program that has the potential to reduce 
waste and the cost of therapies that require hazardous 
drugs. A comprehensive program, including a CSTD that 
prevents microbial ingress, may result in savings for 
consumers, as well as healthcare professionals, hospitals 
and their patients.7,9,13-17

Figure 5. The BD PhaSeal Optima System family of CSTDs

400x



bd.com
BD, the BD Logo and PhaSeal are trademarks of Becton, Dickinson and Company.
© 2018 BD and its subsidiaries. All rights reserved. BD-7336 (12/18)

References

1.	 De Prijck K, D’Haese E, Vandenbroucke J, Coucke W, Robays H, Nelis HJ. Microbiological challenge of four protective devices for the 
reconstitution of cytotoxic agents. Lett Appl Microbiol. 2008;47(6):543-548.

2.	 National Institute for Occupational Safety and Health. NIOSH alert: preventing occupational exposures to antineoplastic and  
other hazardous drugs in health care settings. Washington DC: US Department of Health and Human Services, Public Health 
Service, Centers for Disease Control and Prevention; 2004. 

3.	 Odou P. Medical devices for safe handling of cytotoxic drugs. Eur J Onc Pharm. 2010;4(1):17-19.

4.	 Groβ BN, Steiger KF, Hug MJ, Kuhlendahl S. Down to the last drop—comparison of drug retention volume of four transfer devices 
and resulting cost savings. Poster presented at: Wissenschaftlicher Kongress 2012.

5.	 USP General Chapter <800> Hazardous Drugs—Handling in Healthcare Settings. 2018.

6.	 Ho KV, Edwards MS, Solimando DA, Johnson AD. Determination of extended sterility for single-use vials using the PhaSeal closed-
system transfer device. J Hematol Oncol Pharm. 2016;6(2):46-50.

7.	 Gilbar PJ, Chambers CR, Vandenbroucke J, Sessink PJ, Tyler TG. How can the use of closed system transfer devices to facilitate 
sharing of drug vials be optimised to achieve maximum cost savings? J Oncol Pharm Pract. 2018. Jan 1: 1078155217753890. doi: 
10.1177/1078155217753890. 

8.	 Carey T, Forrey RA, Haughs D, et al. Second look at utilization of a closed-system transfer device (PhaSeal). Am J Pharm Benefits. 
2011;3(6):311-318.

9.	 McMichael DM, Jefferson DM, Carey ET, et al. Utility of the PhaSeal closed system drug transfer device. Am J Pharm Benefits. 
2011;3(1):9-16.

10.	 Bach PB, Conti RM, Muller RJ, Schnorr GC, Saltz LB. Overspending driven by oversized single dose vials of cancer drugs. BMJ. 2016; 
Feb 29;352:i788. doi: 10.1136/bmj.i788.

11.	 Buckley B, Buckley J. Is drug vial optimization set to expire? Pharmacy Practice News. Available at: https://www.
pharmacypracticenews.com/Clinical/Article/06-18/Is-Drug-Vial-Optimization-Set-to-Expire-/48827. Published June 8, 2018, 
Accessed June 26, 2018.

12.	 Detavernier M, Le Blond M, Barny M, et al. Study report: medico economic evaluation of a closed-system drug transfer  
device for the preparation of IV ganciclovir within care units. BD Medical. Version 2.0; September 28, 2015.

13.	 Data on file. BD engineering study: microbial ingress: BD PhaSealTM Optima Protector GLP report 930942-S01.  
Protocol 201604213. 2016.

14.	 Data on file. BD engineering study: microbial ingress: BD PhaSealTM Optima Connector GLP report 988476-S01.  
Protocol 201705821. 2017.

15.	 Data on file. BD engineering study: microbial ingress: BD PhaSealTM Optima Infusion Adapter GLP report 986104-S01.1. Protocol 
201705531. 2017.

16.	 Shah H, Bosch W, Thompson KM, Hellinger WC. Intravascular catheter-related bloodstream infection. Neurohospitalist. 
2013;3(3):144-151.

17.	 Gilbar PJ, Chambers CR, Gilbar EC. Opportunities to significantly reduce expenditure associated with cancer drugs.  
Future Oncol. 2017;13(15):1311-1322.

Note: The ability to prevent microbial ingress for up to 168 hours should not be interpreted as modifying, extending, 
or superseding a manufacturer labeling recommendations for the storage and expiration dating of the drug vial. 
Refer to drug manufacturer’s recommendations and USP compounding guidelines for shelf life and sterility information.


