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BD PhaSealTM 
Clinical Evidence

A summary of the published clinical evidence of the effectiveness of the 
BD PhaSeal closed-system drug transfer device (CSTD).
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TABLE 1: Studies evaluating fluid leakage during preparation and administration

Date of publication 1996 1997 2002 2003 2007 2008 2011 2012

First author Gustavsson 1 Gustavsson 2 (Abstract) Nygren 3 Spivey 4 Jorgenson 5 (Poster) Jorgenson 6 Favier 7 De Ausen 8 

Study or published 
article name

Report regarding the 
Protector project.

Evaluation of technetium assay 
for monitoring of occupational 
exposure to cytotoxic drugs.

Exposure to anti-cancer 
drugs during preparation and 
administration. Investigations of 
an open and a closed system.

Determining sources of 
workplace contamination 
with antineoplastic drugs and 
comparing conventional IV 
preparation with a closed system.

Leakproof connection integrity 
test for devices intended for 
handling hazardous drugs.

Contamination comparison of 
transfer devices intended for 
handling hazardous drugs.

The BD PhaSeal system: 
Impact of its use on workplace 
contamination and duration of 
chemotherapy preparation.

Leakage from closed-system 
transfer devices as detected 
by a radioactive tracer.

Comparator Traditional technique Traditional technique Traditional (pump) technique Traditional technique Three alternative transfer 
devices: the ICU Medical System 
(Clave® Vial Adaptor & Spiros™ 
Male Connector), the B. Braun/
Tevadaptor™ System (Vial Adaptor 
& Syringe Adaptor) by Teva 
Medical Ltd. and the Alaris 
System (SmartSite® Vented Vial 
Access Device & Texium™ Male 
Luer) by Cardinal Health.

Four alternative transfer devices: 
the B. Braun/Tevadaptor™ System 
(Vial Adaptor & Syringe Adaptor) 
by Teva Medical Ltd., the Alaris 
System (SmartSite® Vented Vial 
Access Device & Texium™ Male 
Luer) by Cardinal Health, the 
Chemoprotect Spike® by Codan 
US Corporation and the Chemo 
Mini-Spike Plus™ Dispensing 
Pin by B. Braun Medical, Inc.

Traditional technique vs BD 
PhaSeal in both BSC and Isolator.

Two alternative transfer devices: 
ChemoClaveTM by ICU Medical 
and OnGuardTM by BBraun.

Method Simulated preparation 
and administration of 
six doses by each of 12 
participants. Experienced 
and inexperienced nurses.

Simulated preparation 
and administration of 
six doses by each of 10 
participants. Experienced 
and inexperienced nurses.

Simulated preparation 
and administration of 
six doses by each of 10 
participants. Experienced 
and inexperienced nurses.

Simulated preparation and 
administration manipulations: 
reconstitution of dry powder, 
transfer from vial to IV bag, IV 
push of drug solution into IV port.

Simulated aspiration to 
determine leakproof integrity 
of device connection points. 
Each component tested 
for 10 manipulations. 

Two part study simulated 
preparation and administration 
manipulations to determine 
containment of liquids, 
aerosols and vapours.

Skilled technicians in two French 
hospitals, one working in BSC 
and one working in Isolator.

Nine manufacturer-trained 
oncology pharmacists and 
pharmacy technicians to 
determine the degree of 
leakage of technetium isotope 
diluted in normal saline.

Detection method Technetium Technetium and platinum tracers Technetium and platinum tracers Fluoroscein and UV light Acidic liquid and litmus paper Part One: Titanium tetrachloride 
Part Two: Fluoroscein 
and UV light

Fluoroscein detection with 
UV light and time.

Wipe samples measured 
using a gamma counter.

Results Traditional technique: More 
than 50 % of the manipulations 
were associated with leakage of 
more than 1000 nanoliters. 
 
BD PhaSeal system: All but 
two manipulations were 
associated with leakage of 
less than 10 nanoliters.

Traditional technique: Airborne 
platinum 2–3 times higher than 
with BD PhaSeal system.

Traditional technique: Average 
leakage - preparation 56 μL; 
administration 72 μL.  

BD PhaSeal system: Average 
leakage - preparation 0.009 
μL; administration 0.001 μL.

Traditional technique: Visible 
leakage at each phase. 
 
BD PhaSeal system: No leakage.

Comparator transfer devices: 
Visible leakage observed. 
 
BD PhaSeal system: No 
leakage observed.

Comparator transfer 
devices: Visible leakage on 
outside of each component 
during all manipulations 
in Parts One and Two.
 
BD PhaSeal system: No leakage 
observed in Parts One and Two.

Overall a major reduction (93 
%) of contamination and 
with the market version of BD 
PhaSeal Injector a complete 
elimination of contamination in 
the hospital using an Isolator.
The study also indicate that 
the time is not impacted by 
the use of the system.

Mean geometric leakage: 
ChemoClaveTM 35.6 nL, 
OnGuardTM 1.5 nL and BD PhaSeal 
0.1 nL (95% confidence interval).

Conclusions/ 
Implications

The traditional system for 
preparation and administration 
is associated with a high level 
of leakage, even for skilled 
nurses. The BD PhaSeal system 
resulted in almost non-detectable 
leakage even when handled 
by inexperienced subjects.

The traditional system for 
preparation and administration 
is associated with a high level 
of leakage, even for skilled 
nurses. The BD PhaSeal system 
resulted in almost non-detectable 
leakage even when handled 
by inexperienced subjects.

Using the closed system, 
the leakage is 3–4 orders of 
magnitude lower in comparison 
with the traditional pump 
technique. Even inexperienced 
nurses can, after a short 
introduction, use this technique 
without spills above 0.1 μL.

A closed system such as BD 
PhaSeal has the ability to 
confine hazardous drugs, 
substantially reducing or possibly 
eliminating drug exposures.

The BD PhaSeal system satisfies 
the requirement for transfer 
devices to be leakproof.

Only the BD PhaSeal system 
met the NIOSH and ISOPP 
definitions of a CSTD.

The study clearly establishes the 
benefit of using BD PhaSeal for 
protecting staff members who 
work with hazardous agents.

The volume of leakage was 
significantly less with BD PhaSeal 
compared to the other two 
alternative transfer devices.
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C Cropet
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Abstract

Purpose. The primary objective of this study was to compare the levels of environmental contamination before and

after the introduction of PhaSeal� (closed-system drug transfer device) in two hospital pharmacies. Our secondary

objective was to assess the impact of the device on the duration of drug preparation compared to procedures involving

the use of needles and syringes.

Methods. The study involved two French hospitals, which prepared antineoplastic chemotherapy using a biological

safety cabinet and an isolator. Five skilled pharmacy technicians at each hospital prepared a total of 100 chemotherapy

preparations using the standard procedure and 100 using the PhaSeal� system. To control for possible contamination

occurring in the course of the procedure, we used fluorescein which becomes fluorescent when exposed to UV light. To

reply the second objective, we timed the duration of the different steps of the manipulation.

Results. Our findings showed a major reduction in the contamination of the work environment when using the PhaSeal�

system for drug preparation. Reduction rates higher than 93% were obtained, whatever the type of protection used.

On the duration of preparation, our results indicate that this duration would be approximately 1 h longer for the

preparation of 100 samples.

Conclusion. In conclusion, this study clearly establishes the benefit of using PhaSeal� for protecting the staff members

who work with hazardous agents. It also indicates that the duration of drug preparation is not impacted by the use of the

system.
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Leakage from closed-system transfer devices  
as detected by a radioactive tracer

Lorena De ausen, erik F. DeFreitas, Latisha LittLeton, anD MichaeL Lustik

Purpose. A study of leakage from selected 
closed-system transfer devices (CSTDs) un-
der experimental conditions is described.
Methods. Three CSTDs (the ChemoClave, 
OnGuard, and PhaSeal systems) were 
tested. Nine manufacturer-trained oncol-
ogy pharmacists and pharmacy techni-
cians volunteered to participate in an 
experiment to determine the degree of 
leakage of a liquid test agent (a radioac-
tive technetium isotope [99mTc] diluted 
in normal saline) during CSTD-assisted 
transfer of liquid from vials to syringes 
per standard practices. After such trans-
fers, alcohol prep pads (n = 135 for each 
system) were used to wipe CSTD points 
of entry and assessed for the presence of 
99mTc. Comparisons among participants 
and devices were conducted via analysis 
of variance (ANOVA), with the a priori level 
of significance set at 0.05.
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Results. ANOVA results indicated signifi-
cant differences among devices in leakage 
of the test solution, with the PhaSeal device 
having the lowest geometric mean leak-
age (0.1 nL; 95% confidence interval [CI], 
0–0.2 nL), followed by the OnGuard (1.5 nL; 
95% CI, 1.1–1.9 nL) and ChemoClave (35.6 
nL; 95% CI, 29.1–43.6 nL) devices; each 
pairwise comparison was significant (p < 
0.001). Despite several major limitations, 
the research supports the use of CSTDs 
to help protect health care workers, as 
recommended by federal authorities and 
professional groups including the Ameri-
can Society of Health-System Pharmacists.
Conclusion. The volume of leakage was 
significantly less with PhaSeal than with 
OnGuard and ChemoClave when pharma-
cists and pharmacy technicians used the 
three CSTDs and 99mTc as a tracer.
Am J Health-Syst Pharm. 2013; 70:619-23

Hazardous drugs are termed by 
the National Institute for Oc-
cupational Safety and Health 

(NIOSH) as agents that exhibit a 
potential for carcinogenicity, terato-
genicity, reproductive toxicity, organ 
toxicity at low doses, or genotoxic-
ity.1,2 The number of workers who 
may be exposed to hazardous drugs 
exceeds 5.5 million, with the risk 
extending to each step in drug devel-
opment, distribution, preparation, 
administration, and disposal.2 There 
are consequences of unintentional 
contamination of antineoplastics 
in the workplace that have been re-
ported through case reports.1-4 While 
some hazardous drug-associated 
adverse events are acute and easily 
correlated with exposure, chronic 
effects tend to progress more slowly 
and their etiology is more difficult to 
ascertain.

NIOSH and the American Soci-
ety of Health-System Pharmacists 
(ASHP) are proponents for the 
use of closed-system transfer de-
vices (CSTDs) in combination with 

a biological safety cabinet having 
vertical air flow, personal protective 
equipment, and proper handling 
practices.1,2 While the definition of a 
closed system is somewhat debatable, 

NIOSH defines a CSTD as a “drug 
transfer device that mechanically 
prohibits the transfer of environ-
mental contaminants into the system 
and the escape of hazardous drug 
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Laennec, 69008 Lyon, France

Email: favier@lyon.fnclcc.fr

J Oncol Pharm Practice

0(0) 1–9

! The Author(s) 2011

Reprints and permissions:

sagepub.co.uk/journalsPermissions.nav

DOI: 10.1177/1078155211401454

opp.sagepub.com

Practice rePorts closed-system transfer devices

619Am J Health-Syst Pharm—Vol 70  Apr 1, 2013

Leakage from closed-system transfer devices  
as detected by a radioactive tracer

Lorena De ausen, erik F. DeFreitas, Latisha LittLeton, anD MichaeL Lustik

Purpose. A study of leakage from selected 
closed-system transfer devices (CSTDs) un-
der experimental conditions is described.
Methods. Three CSTDs (the ChemoClave, 
OnGuard, and PhaSeal systems) were 
tested. Nine manufacturer-trained oncol-
ogy pharmacists and pharmacy techni-
cians volunteered to participate in an 
experiment to determine the degree of 
leakage of a liquid test agent (a radioac-
tive technetium isotope [99m

Tc] diluted 
in normal saline) during CSTD-assisted 
transfer of liquid from vials to syringes 
per standard practices. After such trans-
fers, alcohol prep pads (n = 135 for each 
system) were used to wipe CSTD points 
of entry and assessed for the presence of 
99m

Tc. Comparisons among participants 
and devices were conducted via analysis 
of variance (ANOVA), with the a priori level 
of significance set at 0.05.

Lorena De Ausen, Pharm.D., is Clinical Pharmacist, Depart-
ment of Pharmacy, Tripler Army Medical Center, Honolulu, HI; 
at the time of writing she was Pharmacy Resident, Department of 
Pharmacy, Tripler Army Medical Center. MAJ Erik F. DeFreitas, 
Pharm.D., BCOP, is Chief of Oncology Practice, Department of 
Pharmacy, Tripler Army Medical Center. MAJ Latisha Littleton, 
Pharm.D., is Chief of Pharmacy, 168th Multifunctional Medical 
Battalion, Camp Walker, Daegu, South Korea; at the time of writ-
ing she was Chief of Nuclear Pharmacy, Department of Pharmacy, 
Tripler Army Medical Center. Michael Lustik, M.S., is Statisti-
cian, Department of Clinical Investigation, Tripler Army Medical 
Center.

Address correspondence to MAJ Erik F. DeFreitas, 1 Jarrett White 
Road, Honolulu, HI 96859 (erik.defreitas@us.army.mil).

Lou Shimabuku, CHP, and 1LT Matthew Tullia are acknowledged 

for serving as advisors on the proper handling and disposal of the 
technetium used in this research.

Funded by the Department of Pharmacy, Tripler Army Medical 
Center. All devices were purchased using funds from the Department 
of Pharmacy. Proprietary information or results of ongoing research 
may be subject to different interpretations. Investigators agree to 
abide by the noncommercialism guidelines. 

The views expressed in this article are those of the authors and do 
not necessarily reflect the official policy or position of the Depart-
ment of the Army, Department of Defense, or the U.S. government.

Presented in part at the Western States Conference, Monterey, CA, 
May 26, 2011, and at the University of Hawaii, Hilo, September 20, 2011.

The authors have declared no potential conflicts of interest. 

DOI 10.2146/ajhp110678

Results. ANOVA results indicated signifi-
cant differences among devices in leakage 
of the test solution, with the PhaSeal device 
having the lowest geometric mean leak-
age (0.1 nL; 95% confidence interval [CI], 
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pairwise comparison was significant (p < 
0.001). Despite several major limitations, 
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H
azardous drugs are termed by 
the National Institute for Oc-
cupational Safety and Health 

(NIOSH) as agents that exhibit a 
potential for carcinogenicity, terato-
genicity, reproductive toxicity, organ 
toxicity at low doses, or genotoxic-
ity.

1,2
 The number of workers who 

may be exposed to hazardous drugs 
exceeds 5.5 million, with the risk 
extending to each step in drug devel-
opment, distribution, preparation, 
administration, and disposal.

2
 There 

are consequences of unintentional 
contamination of antineoplastics 
in the workplace that have been re-
ported through case reports.

1-4
 While 

some hazardous drug-associated 
adverse events are acute and easily 
correlated with exposure, chronic 
effects tend to progress more slowly 
and their etiology is more difficult to 
ascertain.

NIOSH and the American Soci-
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 While the definition of a 

closed system is somewhat debatable, 
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transfer device that mechanically 
prohibits the transfer of environ-
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and the escape of hazardous drug 
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TABLE 2: Studies evaluating vapour leakage during preparation and administration

Date of publication 2008 

First author Jorgenson 6

Study or published 
article name

Contamination comparison of transfer device 
intended for handling hazardous drugs.

Comparator Four alternative transfer devices: the B. Braun/
Tevadaptor™ System (Vial Adaptor & Syringe Adaptor) 
by Teva Medical Ltd., the Alaris System (SmartSite® 
Vented Vial Access Device and Texium™ Male Luer) 
by Cardinal Health, the Chemoprotect Spike® by 
Codan US Corporation and the Chemo Mini-Spike 
Plus™ Dispensing Pin by B. Braun Medical, Inc.

Method Two part study simulated preparation and administration 
manipulations to determine containment of liquids, aerosols 
and vapors.

Detection method Part One: Titanium tetrachloride 
Part Two: Fluoroscein and UV light

Results Comparator transfer devices: Visible leakage on outside of 
each component during all manipulations in Parts One and 
Two. 

BD PhaSeal system: No leakage observed 
in Parts One and Two.

Conclusions/ 
Implications

Only the BD PhaSeal system met the NIOSH 
and ISOPP definitions of a CSTD.
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TABLE 3: Studies examining the impact of BD PhaSeal on environmental contamination   
 and exposure of personnel 

Date of publication 1999 2001 2002 2003 2004

First author Sessink 9 Vandenbroucke & Robays 10 Connor 11 Wick 12 Tans 13

Study or published 
article name

Evaluation of the BD 
PhaSeal hazardous drug 
containment system.

How to protect 
environment and 
employees against 
cytotoxic agents: The 
UZ Ghent experience.

Effectiveness of a 
closed-system device 
in containing surface 
contamination with 
cyclophosphamide 
and ifosfamide in an 
IV admixture area.

Using a closed-
system protective 
device to reduce 
personnel exposure to 
antineoplastic agents.

Comparative 
contamination study 
with cyclophosphamide, 
fluorouracil and 
ifosfamide: standard 
versus a proprietary 
closed handling system.

Study design Evaluation of BD PhaSeal 
used without a biological 
safety cabinet in a 
preparation room in an 
outpatient oncology 
unit. Evaluation after 
one year of use.

Evaluation of 
environmental 
contamination and 
personnel exposure 
during periods of BD 
PhaSeal use before and 
after thorough cleaning 
of facility. Evaluation 
after reintroduction of 
a traditional system.

Comparison of 
environmental 
contamination arising 
from use of traditional 
technique and BD 
PhaSeal system in 
renovated IV admixture 
facility. Evaluation took 
place over 24 weeks.

Evaluation of 
environmental 
contamination and 
personnel exposure before 
and after implementation 
of BD PhaSeal.

Evaluation of 
environmental 
contamination during 
an initial phase with BD 
PhaSeal (four months); 
an interim phase with 
traditional technique 
(two months); and a 
second phase with BD 
PhaSeal (18 months).

Contamination and 
exposure measures

Surface wipe samples 
(cyclophosphamide 
and fluorouracil).

Surface wipe samples 
(cyclophosphamide and 
fluorouracil);  
Urine samples 
(cyclophosphamide).

Surface wipe samples 
(fluorouracil for 
traditional method; 
cyclophosphamide 
and ifosfamide for 
BD PhaSeal).

Surface wipe samples 
(cyclophosphamide and 
ifosfamide); Urine samples 
(cyclophosphamide).

Surface wipe samples 
(cyclophosphamide, 
ifosfamide and 
fluorouracil).

Results – 
Environmental 
Contamination

No drug detected 
in any samples (15 
locations) inside the 
preparation room.

Traditional technique: 
Both periods of this 
classical system were 
associated with 
increases (2–10 fold) in 
cyclophosphamide levels.

Traditional technique: 
Fluorouracil levels 
increased for most 
locations over study 
period.  
BD PhaSeal system: 
Cyclophosphamide 
– most values <3 ng/
cm2; high levels on floor 
declined; Ifosfamide – 
floor levels declined.

Before BD PhaSeal: 17/17 
samples positive for 
cyclophosphamide, 11/17 
positive for ifosfamide.  
After six months with 
the BD PhaSeal system: 
7/21 samples positive for 
cyclophosphamide, 15/21 
positive for ifosfamide.

No differences between 
periods with and without 
BD PhaSeal except for 
marked reduction in 
contamination of gloves. 
NOTE: Levels low without 
BD PhaSeal; incorrect use 
of BD PhaSeal recorded; 
spillage also recorded.

Results – Personnel 
Exposure

N/A Levels markedly lower 
or not detectable during 
period of BD PhaSeal use.

N/A Before BD PhaSeal: 
6/8 positive for 
cyclophosphamide, 2/8 
positive for ifosfamide. 
After six months with the 
BD PhaSeal system: None 
positive for either drug.

N/A

Conclusions/ 
Implications

The BD PhaSeal system 
alone is sufficient to 
prevent environmental 
contamination during 
the preparation of 
cytostatic drugs.

By using BD PhaSeal, 
both personnel and 
their surroundings 
are protected.

The BD PhaSeal 
system, in conjunction 
with BSCs, appeared 
to contain surface 
contamination resulting 
from the preparation 
of cyclophosphamide 
and ifosfamide.

The BD PhaSeal system 
appeared to reduce 
surface contamination 
and exposure of 
health care personnel 
to cyclophosphamide 
and ifosfamide.

The BD PhaSeal 
system is an important 
improvement in reducing 
contamination on gloves.
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Cytostatic drugs are widely
used in the treatment of
cancer and certain non-
neoplastic diseases.1–3

This class of drugs exhibits a high
degree of biological activity and
acts primarily by interfering with the
synthesis of DNA during the replica-

tion of tumor cells, resulting in a
marked decrease in the replication
of malignant cells. 

Cytostatic drugs are highly non-
selective in their activity, however,
resulting in extensive damage to
normal (nontumor) cells during nor-
mal replication. Health care workers
are routinely exposed to low levels
of these drugs in the workplace,
potentially on a daily basis.

TOXIC SIDE EFFECTS
Patients treated with cytostatic

drugs commonly exhibit acute and
dose-limiting side effects, including
irritation of the skin, eyes, and
mucuous membranes; alopecia;
nausea; vomiting; and diarrhea.
More toxic side effects have been
documented in bone marrow, liver,
bladder, kidney, and lung tissue.1,2,4,5

The long-term toxic side effects
of cytostatic drugs include muta-
genic, carcinogenic, and reproduc-
tive changes.3 The International
Agency for Research on Cancer
(IARC) has determined that a suffi-
cient body of data exists to support

Abstract — PhaSeal is a containment system designed to ensure the
safe preparation and administration of cytostatic drugs and thus reduce
environmental contamination to work areas and to medical and support
staff. The PhaSeal system was tested in an outpatient setting in Swe-
den for 1 year during the preparation and administration of cyclophos-
phamide, fluorouracil, and similar cytostatic drugs. The study was
designed to determine the effectiveness of PhaSeal in preventing the
leakage of cytostatic drugs frequently reported in a number of studies.
Cytostatic drugs were prepared and administered using standard safe-
ty procedures, except that a biological safety cabinet was not used. At
the conclusion of the study period, environmental contamination was
determined from wiping samples of objects and surfaces in the drug
preparation room. Neither cyclophosphamide nor fluorouracil was found
in any of these samples. Results show that use of the PhaSeal system
alone is sufficient to prevent environmental contamination during the
preparation of cytostatic drugs.

Key Words — cytostatic drugs; environmental contamination;
cyclophosphamide; fluorouracil; closed system; containment device

Hosp Pharm — 1999;34:1311–1317

*Chemist/Toxicologist, Exposure Control, Wijchen, The Netherlands; **Oncology Nurse Specialist, Oncology Outpatient Clinic, Ängelholm
Hospital, Ängelholm, Sweden; †Associate Professor, Department of Surgery, Ängelholm Hospital, Ängelholm, Sweden

Address correspondence to Paul J. M. Sessink, Exposure Control, P.O. Box 467, 6600 AL Wijchen, The Netherlands. Tel: (31) 24 645 27
45; Fax: (31) 24 645 27 46; E-mail: exposure.control@wxs.nl

Portions of this study were presented by Dr. Sessink at the M.D. Anderson Cancer Center’s 19th Annual Pharmacy Symposium on Can-
cer Chemotherapy, October 5–7, 1997, in Houston, TX.

Financial support for this study was provided by Carmel Pharma ab, P.O. Box 5352, S-40228 Göteborg, Sweden. Tel (46) 31 703 04 00;
Fax (46) 31 703 04 04.  PhaSeal is manufactured and marketed by Carmel Pharma ab, P.O. Box 5352, SE-40228, Göteborg, Sweden. Tel:
(46) 31 703 0400; Fax: (46) 31 703 0404. In the United States, PhaSeal is marketed by Carmel Pharma Inc., One Reservoir Corporate Cen-
ter, Suite 206, Research Drive, Shelton, CT 06484. Tel: 203-925-8821; Fax: 203-925-8890; E-mail: chrisdge@carmelusa.com

Hospital Pharmacy     1311

PEER-REVIEWED ARTICLE

Evaluation of the PhaSeal 
Hazardous Drug Containment System

Paul J. M. Sessink, PhD,* Mary-Ann E. Rolf, RN,** and N. Stefan Rydèn, MD, PhD
†

Hospital Pharmacy
Volume 34, Number 11, pp 1311–1317

1999 Facts and Comparisons

PEER-REVIEWED ARTICLE

C
ytostatic drugs are widely
used in the treatment of
cancer and certain non-
neoplastic diseases.

1–3

This class of drugs exhibits a high
degree of biological activity and
acts primarily by interfering with the
synthesis of DNA during the replica-

tion of tumor cells, resulting in a
marked decrease in the replication
of malignant cells. 

Cytostatic drugs are highly non-
selective in their activity, however,
resulting in extensive damage to
normal (nontumor) cells during nor-
mal replication. Health care workers
are routinely exposed to low levels
of these drugs in the workplace,
potentially on a daily basis.

TOXIC SIDE EFFECTS
Patients treated with cytostatic

drugs commonly exhibit acute and
dose-limiting side effects, including
irritation of the skin, eyes, and
mucuous membranes; alopecia;
nausea; vomiting; and diarrhea.
More toxic side effects have been
documented in bone marrow, liver,
bladder, kidney, and lung tissue.

1,2,4,5

The long-term toxic side effects
of cytostatic drugs include muta-
genic, carcinogenic, and reproduc-
tive changes.

3
The International

Agency for Research on Cancer
(IARC) has determined that a suffi-
cient body of data exists to support

Abstract — PhaSeal is a containment system designed to ensure the
safe preparation and administration of cytostatic drugs and thus reduce
environmental contamination to work areas and to medical and support
staff. The PhaSeal system was tested in an outpatient setting in Swe-
den for 1 year during the preparation and administration of cyclophos-
phamide, fluorouracil, and similar cytostatic drugs. The study was
designed to determine the effectiveness of PhaSeal in preventing the
leakage of cytostatic drugs frequently reported in a number of studies.
Cytostatic drugs were prepared and administered using standard safe-
ty procedures, except that a biological safety cabinet was not used. At
the conclusion of the study period, environmental contamination was
determined from wiping samples of objects and surfaces in the drug
preparation room. Neither cyclophosphamide nor fluorouracil was found
in any of these samples. Results show that use of the PhaSeal system
alone is sufficient to prevent environmental contamination during the
preparation of cytostatic drugs.

Key Words — cytostatic drugs; environmental contamination;
cyclophosphamide; fluorouracil; closed system; containment device

Hosp Pharm — 1999;34:1311–1317

*Chemist/Toxicologist, Exposure Control, Wijchen, The Netherlands; **Oncology Nurse Specialist, Oncology Outpatient Clinic, Ängelholm
Hospital, Ängelholm, Sweden; †Associate Professor, Department of Surgery, Ängelholm Hospital, Ängelholm, Sweden

Address correspondence to Paul J. M. Sessink, Exposure Control, P.O. Box 467, 6600 AL Wijchen, The Netherlands. Tel: (31) 24 645 27
45; Fax: (31) 24 645 27 46; E-mail: exposure.control@wxs.nl

Portions of this study were presented by Dr. Sessink at the M.D. Anderson Cancer Center’s 19th Annual Pharmacy Symposium on Can-
cer Chemotherapy, October 5–7, 1997, in Houston, TX.

Financial support for this study was provided by Carmel Pharma ab, P.O. Box 5352, S-40228 Göteborg, Sweden. Tel (46) 31 703 04 00;
Fax (46) 31 703 04 04.  PhaSeal is manufactured and marketed by Carmel Pharma ab, P.O. Box 5352, SE-40228, Göteborg, Sweden. Tel:
(46) 31 703 0400; Fax: (46) 31 703 0404. In the United States, PhaSeal is marketed by Carmel Pharma Inc., One Reservoir Corporate Cen-
ter, Suite 206, Research Drive, Shelton, CT 06484. Tel: 203-925-8821; Fax: 203-925-8890; E-mail: chrisdge@carmelusa.com



6

TABLE 3: Studies examining the impact of BD PhaSeal on environmental contamination and exposure of personnel (cont.)

Date of publication 2006 2007 2009 2010 2010 2011 2013 2013

First author Harrison 14 Nyman 15 Yoshida 16 Siderov 17 Nishigaki 18 Sessink 19 Sessink 20 Miyake 21

Study or published 
article name

Comparison of surface 
contamination with 
cyclophosphamide and 
fluorouracil using a closed-system 
drug transfer device versus 
standard preparation techniques.

Workplace contamination with 
antineoplastic agents in a new 
cancer hospital using a closed-
system drug transfer device.

Use of a closed system device 
to reduce occupational 
contamination and exposure 
to antineoplastic drugs in the 
hospital work environment.

Reducing workplace cytotoxic 
surface contamination 
using a closed-system 
drug transfer device.

The usefulness of a closed-
system device for the mixing of 
injections to prevent occupational 
exposure to anticancer drugs.

Reduction in surface 
contamination with 
antineoplastic drugs in 
22 hospital pharmacies 
in the USA following 
implementation of a closed-
system drug transfer device.

Reduction in surface 
contamination with 
cyclophosphamide in 30 USA 
hospital pharmacies following 
implementation of a closed-
system drug transfer device.

Impact of closed-system drug 
transfer device on exposure of 
environment and healthcare 
provider to cyclophosphamide 
in Japanese hospital.

Study design Evaluation of environmental 
contamination before, during and 
after introduction of BD PhaSeal. 
During period of BD PhaSeal 
use, fluorouracil prepared on 
open counter top. Evaluation 
included three oncology 
pharmacies over 36 weeks.

Evaluation of environmental 
contamination and personnel 
exposure in pharmacy and 
nursing areas following six 
months of exclusive use of BD 
PhaSeal in a new hospital.

Evaluation of environmental 
contamination and personnel 
exposure before and after 
implementation of BD PhaSeal.

Evaluation of environmental 
contamination before and after 
implementation of BD PhaSeal 
in two Australian metropolitan 
hospitals. Contamination 
was tested at baseline and 
then at five and 12 months 
post-implementation.

Evaluation of environmental 
contamination during 
preparation using traditional 
technique, the Clave® Oncology 
System, and BD PhaSeal.

Evaluation of environmental 
contamination before and after 
implementation of BD PhaSeal 
in 22 USA hospital pharmacies.

Surface contamination with 
cyclophosphamide was 
compared in 30 USA hospital 
pharmacies from 2004 to 2010 
following preparation with 
standard drug preparation 
techniques or BD PhaSeal.

Compare surface contamination 
and personnel exposure to 
cyclophosphamide before and 
after the implementation of 
BD PhaSeal, cleaning according 
to Japanese guidelines.

Contamination and 
exposure measures

Surface wipe samples 
(cyclophosphamide 
and fluorouracil).

Surface wipe samples 
(cyclophosphamide and 
ifosfamide); Urine samples 
(cyclophosphamide 
and ifosfamide).

Surface wipe samples, glove 
contamination samples and urine 
samples (cyclophosphamide).

Surface wipe samples 
(cyclophosphamide).

Visually by fluorescence 
under UV irradiation, and pH 
indicator paper (fluorescein), 
and surface wipe samples 
(cyclophosphamide).

Surface wipe samples 
(cyclophosphamide, ifosfamide 
and 5-fluorouracil).

Surface wipe samples 
(cyclophosphamide).

Surface wipe samples 
and urine samples.

Results – 
Environmental 
Contamination

During period of BD PhaSeal use: 
Proportion of positive fluorouracil 
samples fell significantly; 
median surface contamination 
with cyclophosphamide 
fell significantly.

Following BD PhaSeal: Low 
level of contamination in 
oncology infusion clinic. Levels 
lower compared to previous 
study without BD PhaSeal.

Following BD PhaSeal: 
Cyclophosphamide 
contamination on surface wipe 
samples and glove samples was 
significantly reduced compared 
to conventional mixing method.

Following BD PhaSeal at 
five months: Contamination 
was reduced at 59% of 
sites with four sites showing 
undetectable contamination. 
Following BD PhaSeal at 12 
months: surface contamination 
was reduced at 75% of 
sample sites. Wipes showed 
evidence of cyclophosphamide 
contamination on commercial 
product (vial) exteriors.

Following BD PhaSeal: no 
scattering of chemicals for 
test using fluorescein; test 
results using cyclophosphamide 
detected very low amounts 
on equipment surface.  
Traditional technique and 
the Clave Oncology System 
both detected higher levels of 
contamination with fluorescein 
and cyclophosphamide.

Following BD PhaSeal: 
Contamination levels for 
all drugs were significantly 
reduced; median values 
for surface contamination 
with cyclophosphamide, 
ifosfamide and 5-fluorouracil 
were reduced by 95%, 90% 
and 65%, respectively.

Median values for surface 
contamination with 
cyclophosphamide were reduced 
by 86% compared to 95% in the 
previous study with BD PhaSeal.

Before BD PhaSeal, 4/6 
wipe samples collected 
indicated a detectable level 
of cyclophosphamide. After 
7 months of BD PhaSeal, 
only 1/6 wipe samples.

Results – Personnel 
Exposure

N/A Following BD PhaSeal: 1/11 
positive for cyclophosphamide 
compared to 6/8 from previous 
study without BD PhaSeal.

Following BD PhaSeal: 
Cyclophosphamide 
contamination in the urine of 
pharmacists was significantly 
reduced compared to 
conventional mixing method.

N/A N/A N/A N/A All 4 employees had positive 
results before BD PhaSeal, 
minimal levels returned 
in 2 after BD PhaSeal.

Conclusions/ 
Implications

The use of the BD PhaSeal system 
in conjunction with standard 
hazardous drug preparation 
techniques significantly 
reduced cyclophosphamide 
surface contamination.

BD PhaSeal should be 
considered as part of a 
comprehensive exposure control 
program including the use of 
containment devices, personal 
protective equipment, cleaning, 
monitoring for contamination 
and training of staff.

BD PhaSeal can reduce 
occupational contamination and 
exposure to antineoplastic drugs 
in the hospital work environment. 

BD PhaSeal further reduces 
surface contamination, in some 
cases to undetectable levels, 
when used inside a cytotoxic 
drug safety cabinet (CDSC).

BD PhaSeal is highly effective 
in preventing exposure 
to anticancer drugs. 

Use of BD PhaSeal 
significantly reduces surface 
contamination when 
preparing cyclophosphamide, 
ifosfamide and 5-fluorouracil 
as compared to standard drug 
preparation techniques.

BD PhaSeal significantly reduces 
levels of contamination with 
cyclophosphamide (P<.0001). 

BD PhaSeal further reduces 
surface contamination and 
healthcare provider’s exposure 
to cyclophosphamide to 
almost undetectable levels.
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TABLE 3: Studies examining the impact of BD PhaSeal on environmental contamination and exposure of personnel (cont.)

Date of publication 2006 2007 2009 2010 2010 2011 2013 2013

First author Harrison 14 Nyman 15 Yoshida 16 Siderov 17 Nishigaki 18 Sessink 19 Sessink 20 Miyake 21

Study or published 
article name

Comparison of surface 
contamination with 
cyclophosphamide and 
fluorouracil using a closed-system 
drug transfer device versus 
standard preparation techniques.

Workplace contamination with 
antineoplastic agents in a new 
cancer hospital using a closed-
system drug transfer device.

Use of a closed system device 
to reduce occupational 
contamination and exposure 
to antineoplastic drugs in the 
hospital work environment.

Reducing workplace cytotoxic 
surface contamination 
using a closed-system 
drug transfer device.

The usefulness of a closed-
system device for the mixing of 
injections to prevent occupational 
exposure to anticancer drugs.

Reduction in surface 
contamination with 
antineoplastic drugs in 
22 hospital pharmacies 
in the USA following 
implementation of a closed-
system drug transfer device.

Reduction in surface 
contamination with 
cyclophosphamide in 30 USA 
hospital pharmacies following 
implementation of a closed-
system drug transfer device.

Impact of closed-system drug 
transfer device on exposure of 
environment and healthcare 
provider to cyclophosphamide 
in Japanese hospital.

Study design Evaluation of environmental 
contamination before, during and 
after introduction of BD PhaSeal. 
During period of BD PhaSeal 
use, fluorouracil prepared on 
open counter top. Evaluation 
included three oncology 
pharmacies over 36 weeks.

Evaluation of environmental 
contamination and personnel 
exposure in pharmacy and 
nursing areas following six 
months of exclusive use of BD 
PhaSeal in a new hospital.

Evaluation of environmental 
contamination and personnel 
exposure before and after 
implementation of BD PhaSeal.

Evaluation of environmental 
contamination before and after 
implementation of BD PhaSeal 
in two Australian metropolitan 
hospitals. Contamination 
was tested at baseline and 
then at five and 12 months 
post-implementation.

Evaluation of environmental 
contamination during 
preparation using traditional 
technique, the Clave® Oncology 
System, and BD PhaSeal.

Evaluation of environmental 
contamination before and after 
implementation of BD PhaSeal 
in 22 USA hospital pharmacies.

Surface contamination with 
cyclophosphamide was 
compared in 30 USA hospital 
pharmacies from 2004 to 2010 
following preparation with 
standard drug preparation 
techniques or BD PhaSeal.

Compare surface contamination 
and personnel exposure to 
cyclophosphamide before and 
after the implementation of 
BD PhaSeal, cleaning according 
to Japanese guidelines.

Contamination and 
exposure measures

Surface wipe samples 
(cyclophosphamide 
and fluorouracil).

Surface wipe samples 
(cyclophosphamide and 
ifosfamide); Urine samples 
(cyclophosphamide 
and ifosfamide).

Surface wipe samples, glove 
contamination samples and urine 
samples (cyclophosphamide).

Surface wipe samples 
(cyclophosphamide).

Visually by fluorescence 
under UV irradiation, and pH 
indicator paper (fluorescein), 
and surface wipe samples 
(cyclophosphamide).

Surface wipe samples 
(cyclophosphamide, ifosfamide 
and 5-fluorouracil).

Surface wipe samples 
(cyclophosphamide).

Surface wipe samples 
and urine samples.

Results – 
Environmental 
Contamination

During period of BD PhaSeal use: 
Proportion of positive fluorouracil 
samples fell significantly; 
median surface contamination 
with cyclophosphamide 
fell significantly.

Following BD PhaSeal: Low 
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oncology infusion clinic. Levels 
lower compared to previous 
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Following BD PhaSeal: 
Cyclophosphamide 
contamination on surface wipe 
samples and glove samples was 
significantly reduced compared 
to conventional mixing method.

Following BD PhaSeal at 
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was reduced at 59% of 
sites with four sites showing 
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was reduced at 75% of 
sample sites. Wipes showed 
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contamination on commercial 
product (vial) exteriors.

Following BD PhaSeal: no 
scattering of chemicals for 
test using fluorescein; test 
results using cyclophosphamide 
detected very low amounts 
on equipment surface.  
Traditional technique and 
the Clave Oncology System 
both detected higher levels of 
contamination with fluorescein 
and cyclophosphamide.

Following BD PhaSeal: 
Contamination levels for 
all drugs were significantly 
reduced; median values 
for surface contamination 
with cyclophosphamide, 
ifosfamide and 5-fluorouracil 
were reduced by 95%, 90% 
and 65%, respectively.

Median values for surface 
contamination with 
cyclophosphamide were reduced 
by 86% compared to 95% in the 
previous study with BD PhaSeal.

Before BD PhaSeal, 4/6 
wipe samples collected 
indicated a detectable level 
of cyclophosphamide. After 
7 months of BD PhaSeal, 
only 1/6 wipe samples.
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Exposure

N/A Following BD PhaSeal: 1/11 
positive for cyclophosphamide 
compared to 6/8 from previous 
study without BD PhaSeal.

Following BD PhaSeal: 
Cyclophosphamide 
contamination in the urine of 
pharmacists was significantly 
reduced compared to 
conventional mixing method.

N/A N/A N/A N/A All 4 employees had positive 
results before BD PhaSeal, 
minimal levels returned 
in 2 after BD PhaSeal.

Conclusions/ 
Implications

The use of the BD PhaSeal system 
in conjunction with standard 
hazardous drug preparation 
techniques significantly 
reduced cyclophosphamide 
surface contamination.

BD PhaSeal should be 
considered as part of a 
comprehensive exposure control 
program including the use of 
containment devices, personal 
protective equipment, cleaning, 
monitoring for contamination 
and training of staff.

BD PhaSeal can reduce 
occupational contamination and 
exposure to antineoplastic drugs 
in the hospital work environment. 

BD PhaSeal further reduces 
surface contamination, in some 
cases to undetectable levels, 
when used inside a cytotoxic 
drug safety cabinet (CDSC).
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in preventing exposure 
to anticancer drugs. 
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significantly reduces surface 
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BD PhaSeal significantly reduces 
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Reduction in surface contamination with
antineoplastic drugs in 22 hospital pharmacies
in the US following implementation of a
closed-system drug transfer device

Paul JM Sessink, PhD1

Thomas H Connor, PhD2

James A Jorgenson, RPh MS FASHP3

Timothy G Tyler, PharmD FCSHP4

Purpose. Surface contamination with the antineo-
plastic drugs cyclophosphamide, ifosfamide, and
5-fluorouracil was compared in 22 US hospital
pharmacies following preparation with standard
drug preparation techniques or the PhaSeal�

closed-system drug transfer device (CSTD).
Methods. Wipe samples were taken from biolog-

ical safety cabinet (BSC) surfaces, BSC airfoils, floors
in front of BSCs, and counters and analyzed for
contamination with cyclophosphamide, ifosfamide,
and 5-fluorouracil. Contamination was reassessed
several months after the implementation of the
CSTD. Surface contamination (ng/cm2) was com-
pared between the two techniques and evaluated
with the Signed Rank Test.
Results. Using the CSTD compared to the stan-

dard preparation techniques, a significant reduction

in levels of contamination was observed for all
drugs (cyclophosphamide: p50.0001; ifosfamide:
p50.001; 5-fluorouracil: p50.01). Median values
for surface contamination with cyclophosphamide,
ifosfamide, and 5-fluorouracil were reduced by 95%,
90%, and 65%, respectively.
Conclusions. Use of the CSTD significantly

reduces surface contamination when preparing
cyclophosphamide, ifosfamide, and 5-fluorouracil
as compared to standard drug preparation
techniques. J Oncol Pharm Practice (2010) 0:
1–10.

Key words: antineoplastic agents; closed-system
drug transfer device; surface contamination;
drug preparation; hospital pharmacies;
cyclophosphamide

INTRODUCTION

Over the last 20 years, several studies have been
published showing environmental contamination
with antineoplastic drugs in hospital pharmacies.1–28

In addition, several studies have shown that anti-
neoplastic drugs are inadvertently absorbed by
healthcare workers through environmental exposure
as determined by the presence of the parent
compound and/or its metabolite(s) in their
urine.12,18,29–41
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Abstract
Purpose: In a follow-up to a previous study, surface contamination with the antineoplastic drug
cyclophosphamide was compared in 30 US hospital pharmacies from 2004 to 2010 following
preparation with standard drug preparation techniques or the PhaSeal closed system drug
transfer device (CSTD).
Methods: Wipe samples were taken from biological safety cabinet (BSC) surfaces, BSC airfoils (the
front leading edge of the BSC), floors in front of BSCs, and countertops in the pharmacy, and they
were analyzed for contamination with cyclophosphamide. Contamination was reassessed after
a minimum of 6 months following the implementation of the CSTD. Surface contamination (ng/cm2)
was compared between the 2 techniques and between the previous and current test periods and
evaluated with the Kruskal-Wallis test.
Results: With the use of CSTD compared to the standard preparation techniques, a significant
reduction in levels of contamination with cyclophosphamide was observed (P , .0001). Median
values for surface contamination with cyclophosphamide were reduced by 86% compared to 95%
in the previous study.
Conclusions: The CSTD significantly reduced, but did not totally eliminate, surface contam-
ination with cyclophosphamide. In addition to other protective measures, increased usage of
CSTDs should be employed to help protect health care workers from exposure to hazardous
drugs.
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preparation, hospital pharmacies, surface contamination
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Antineoplastic and other hazardous drugs may
cause adverse health effects in health care
workers who handle them.1-21 Therefore, efforts

to reduce or eliminate exposure to these drugs are es-
sential to the health care community. To achieve this,
class II biological safety cabinets (BSCs) and personal
protection were introduced several decades ago.22,23

Despite these measures, environmental contamination
with antineoplastic drugs in hospital pharmacies is still
observed and health care workers are still exposed.24-29

In 2004, the National Institute for Occupational
Safety and Health (NIOSH) published an Alert on

hazardous drugs used in health care settings.30 Based
on the Alert, the American Society of Health-System
Pharmacists (ASHP) published updated guidelines
on the safe handling of hazardous drugs in 2006,31 and
safe handling of hazardous drugs is included in United
States Pharmacopeia (USP) Chapter ,797..32

In the NIOSH Alert, the ASHP guidelines, and in
USP,797., recommendations were presented to reduce
environmental contamination and exposure of health
careworkers to these drugs.One recommendationwas to
consider the use of closed system drug transfer devices
(CSTDs) in addition to engineering controls. Since the
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Abstract

In spite of current recommended safe handling procedures, the potential for the exposure of healthcare providers
to hazardous drugs exists in the workplace. A reliance on biological safety cabinets to provide total protection
against the exposure to hazardous drugs is insufficient. Preventing workplace contamination is the best strategy to
minimize cytotoxic drug exposure in healthcare providers. This study was conducted to compare surface
contamination and personnel exposure to cyclophosphamide before and after the implementation of a closed-
system drug transfer device, PhaSeal, under the influence of cleaning according to the Japanese guidelines.
Personnel exposure was evaluated by collecting 24 h urine samples from 4 pharmacists. Surface contamination was
assessed by the wiping test. Four of 6 wipe samples collected before PhaSeal indicated a detectable level of
cyclophosphamide. About 7 months after the initiation of PhaSeal, only one of 6 wipe samples indicated a
detectable level of cyclophosphamide. Although all 4 employees who provided urine samples had positive results
for the urinary excretion of cyclophosphamide before PhaSeal, these levels returned to minimal levels in 2
pharmacists after PhaSeal. In combination with the biological safety cabinet and cleaning according to the
Japanese guidelines, PhaSeal further reduces surface contamination and healthcare providers exposure to
cyclophosphamide to almost undetectable levels.

Keywords: Cyclophosphamide, Surface contamination, exposure of healthcare provider, PhaSeal, Japanese
guidelines

Background
Many drugs used in the treatment of cancer are consid-
ered to be hazardous to healthcare workers. Over the last
20 years, several studies have reported environmental con-
tamination with hazardous drugs in hospital pharmacies
(Castiglia et al. 2008; Ensslin et al. 1994; Hedmer et al.
2008; McDevitt et al. 1993; Sessink et al. 1992; Sessink
et al. 1995; Sugiura et al. 2011; Vandenbroucke and Robays
2001; Yoshida et al. 2011). In addition, hazardous drugs
were inadvertently absorbed, as determined by the pres-
ence of parent compounds and/or their metabolites in
the urine of health care workers (Ensslin et al. 1997;
Schreiber et al. 2003; Sessink et al. 1992; Sessink et al.

1994; Sessink et al. 1997). Due to the potential health
risks of hazardous drugs, the increasing use of these
drugs, and continuing environmental contamination, the
National Institute for Occupational Safety and Health
(NIOSH) published an alert for antineoplastic and other
hazardous drugs used in healthcare settings (National
Institute for Occupational Safety and Health NIOSH
2004). Based upon recommendations, the American
Society of Health-System Pharmacists (ASHP) and the
International Society of Oncology Pharmacy Practi-
tioners (ISOPP) have published updated guidelines on
the safe-handling of cytotoxic and hazardous drugs
(American Society of Health-System Pharmacists guide-
lines on handling hazardous drugs 2006; International
Society of Oncology Pharmacy Practitioners Standards
Committee. ISOPP standards of practice 2007).
In Japan, guidelines for handling antineoplastic drugs

in hospitals were issued by the Japan Pharmaceutical
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Purpose. Surface contamination with the antineo-
plastic drugs cyclophosphamide, ifosfamide, and
5-fluorouracil was compared in 22 US hospital
pharmacies following preparation with standard
drug preparation techniques or the PhaSeal�

closed-system drug transfer device (CSTD).
Methods. Wipe samples were taken from biolog-

ical safety cabinet (BSC) surfaces, BSC airfoils, floors
in front of BSCs, and counters and analyzed for
contamination with cyclophosphamide, ifosfamide,
and 5-fluorouracil. Contamination was reassessed
several months after the implementation of the
CSTD. Surface contamination (ng/cm

2
) was com-

pared between the two techniques and evaluated
with the Signed Rank Test.
Results. Using the CSTD compared to the stan-

dard preparation techniques, a significant reduction

in levels of contamination was observed for all
drugs (cyclophosphamide: p50.0001; ifosfamide:
p50.001; 5-fluorouracil: p50.01). Median values
for surface contamination with cyclophosphamide,
ifosfamide, and 5-fluorouracil were reduced by 95%,
90%, and 65%, respectively.
Conclusions. Use of the CSTD significantly

reduces surface contamination when preparing
cyclophosphamide, ifosfamide, and 5-fluorouracil
as compared to standard drug preparation
techniques. J Oncol Pharm Practice (2010) 0:
1–10.

Key words: antineoplastic agents; closed-system
drug transfer device; surface contamination;
drug preparation; hospital pharmacies;
cyclophosphamide

INTRODUCTION

Over the last 20 years, several studies have been
published showing environmental contamination
with antineoplastic drugs in hospital pharmacies.

1–28

In addition, several studies have shown that anti-
neoplastic drugs are inadvertently absorbed by
healthcare workers through environmental exposure
as determined by the presence of the parent
compound and/or its metabolite(s) in their
urine.

12,18,29–41
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)

was compared between the 2 techniques and between the previous and current test periods and
evaluated with the Kruskal-Wallis test.
Results: With the use of CSTD compared to the standard preparation techniques, a significant
reduction in levels of contamination with cyclophosphamide was observed (P , .0001). Median
values for surface contamination with cyclophosphamide were reduced by 86% compared to 95%
in the previous study.
Conclusions: The CSTD significantly reduced, but did not totally eliminate, surface contam-
ination with cyclophosphamide. In addition to other protective measures, increased usage of
CSTDs should be employed to help protect health care workers from exposure to hazardous
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A
ntineoplastic and other hazardous drugs may
cause adverse health effects in health care
workers who handle them.

1-21
Therefore, efforts

to reduce or eliminate exposure to these drugs are es-
sential to the health care community. To achieve this,
class II biological safety cabinets (BSCs) and personal
protection were introduced several decades ago.

22,23

Despite these measures, environmental contamination
with antineoplastic drugs in hospital pharmacies is still
observed and health care workers are still exposed.

24-29

In 2004, the National Institute for Occupational
Safety and Health (NIOSH) published an Alert on

hazardous drugs used in health care settings.
30
Based

on the Alert, the American Society of Health-System
Pharmacists (ASHP) published updated guidelines
on the safe handling of hazardous drugs in 2006,

31
and

safe handling of hazardous drugs is included in United
States Pharmacopeia (USP) Chapter ,797..

32

In the NIOSH Alert, the ASHP guidelines, and in
USP,797., recommendations were presented to reduce
environmental contamination and exposure of health
careworkers to these drugs.One recommendationwas to
consider the use of closed system drug transfer devices
(CSTDs) in addition to engineering controls. Since the
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Abstract

In spite of current recommended safe handling procedures, the potential for the exposure of healthcare providers
to hazardous drugs exists in the workplace. A reliance on biological safety cabinets to provide total protection
against the exposure to hazardous drugs is insufficient. Preventing workplace contamination is the best strategy to
minimize cytotoxic drug exposure in healthcare providers. This study was conducted to compare surface
contamination and personnel exposure to cyclophosphamide before and after the implementation of a closed-
system drug transfer device, PhaSeal, under the influence of cleaning according to the Japanese guidelines.
Personnel exposure was evaluated by collecting 24 h urine samples from 4 pharmacists. Surface contamination was
assessed by the wiping test. Four of 6 wipe samples collected before PhaSeal indicated a detectable level of
cyclophosphamide. About 7 months after the initiation of PhaSeal, only one of 6 wipe samples indicated a
detectable level of cyclophosphamide. Although all 4 employees who provided urine samples had positive results
for the urinary excretion of cyclophosphamide before PhaSeal, these levels returned to minimal levels in 2
pharmacists after PhaSeal. In combination with the biological safety cabinet and cleaning according to the
Japanese guidelines, PhaSeal further reduces surface contamination and healthcare providers exposure to
cyclophosphamide to almost undetectable levels.
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Background
Many drugs used in the treatment of cancer are consid-
ered to be hazardous to healthcare workers. Over the last
20 years, several studies have reported environmental con-
tamination with hazardous drugs in hospital pharmacies
(Castiglia et al. 2008; Ensslin et al. 1994; Hedmer et al.
2008; McDevitt et al. 1993; Sessink et al. 1992; Sessink
et al. 1995; Sugiura et al. 2011; Vandenbroucke and Robays
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were inadvertently absorbed, as determined by the pres-
ence of parent compounds and/or their metabolites in
the urine of health care workers (Ensslin et al. 1997;
Schreiber et al. 2003; Sessink et al. 1992; Sessink et al.

1994; Sessink et al. 1997). Due to the potential health
risks of hazardous drugs, the increasing use of these
drugs, and continuing environmental contamination, the
National Institute for Occupational Safety and Health
(NIOSH) published an alert for antineoplastic and other
hazardous drugs used in healthcare settings (National
Institute for Occupational Safety and Health NIOSH
2004). Based upon recommendations, the American
Society of Health-System Pharmacists (ASHP) and the
International Society of Oncology Pharmacy Practi-
tioners (ISOPP) have published updated guidelines on
the safe-handling of cytotoxic and hazardous drugs
(American Society of Health-System Pharmacists guide-
lines on handling hazardous drugs 2006; International
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Committee. ISOPP standards of practice 2007).
In Japan, guidelines for handling antineoplastic drugs

in hospitals were issued by the Japan Pharmaceutical
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TABLE 4: Studies evaluating microbiological integrity and its impact on pharmacy cost-savings scenarios

Date of publication 2008 2008 2011 2011 2013 2013

First author Vandenbroucke 22 DePrijck 23 McMichael 2011 24 Carey 25 Edwards 26 Sanchez 27

Study or published 
article name

Economic impact of the preparation scenario 
for cytotoxic drugs: an observational study.

Microbiological challenge of 
four protective devices for the 
reconstitution of cytotoxic agents.

Utility of the BD PhaSeal closed 
system drug transfer device.

Second look at utilisation of a closed-
system transfer device (BD PhaSeal).

Cost savings realised by use of the BD 
PhaSeal closed-system transfer device for 
preparation of antineoplastic agents.

CSTDs and microbiological 
stability of cytostatics.

Comparator Three different preparation and 
conservation scenarios for cytotoxic drugs, 
all using BD PhaSeal for the protection 
of employees and the product.

Traditional technique plus three alternative 
transfer devices: the Clave® by ICU Medical, 
the Chemoprotect Spike® by Codan US 
Corporation and the Securmix® by Eurospital.

Multiple manipulations into drug vials 
using BD PhaSeal under normal working 
conditions at four USA cancer facilities.

Multiple manipulations into drug vials 
using BD PhaSeal under normal working 
conditions at four US cancer facilities.

Whether using BD PhaSeal to extend 
the beyond-use date of single-use vials 
of antineoplastic medications would 
result in a measurable cost saving.

Evaluating the microbiological stability of 
products using BD PhaSeal inside a biological 
safety cabinet and ability of BD PhaSeal to 
maintain vial sterility once opened for an 
extended time in different conditions.

Study design Analyzed preparation data from July and 
August 2006 and simulated, for each 
day, the theoretical use of drug vials 
belonging to three different preparation 
and conservation scenarios for cytotoxic 
drugs. 3,086 preparations were evaluated.

Devices were challenged with 
low and high inocula of 
micro-organisms and manipulated 
repeatedly; cells were counted by 
means of solid-phase cytometry.

Vials were entered using BD PhaSeal and 
samples were removed at 24, 48, 72, 
96 and 168 hours along with positive 
controls (B subtilis) and negative controls.  
Representative samples were tested by 
an independent microbiology laboratory 
for evidence of contamination.

Vials were entered using BD PhaSeal and 
samples were removed at 24, 48, 72, 96 & 
168 hours along with positive and negative 
controls. Representative samples were 
tested by an independent microbiology 
laboratory for evidence of contamination.

A list of 25 drugs available in single-
use vials, with a chemical stability of 
at least 48 hours, was compiled. The 
mean potential percentage of drug 
waste was calculated to be 57.03%.

Ten batches of 8 vials containing 
tryptic soy broth were prepared by five 
different operators in two different 
storage conditions (room ambient and 
refrigerated). Vial samples were withdrawn 
on day 0, 1, 4 & 7, placed into syringes 
& IV bags and incubated for 14 days.

Results On average, the overall cost of cytotoxic 
preparation can be decreased by 7% to 
15% depending on the applied scenario.

Of the four devices, BD PhaSeal afforded 
the lowest transfer of micro-organisms.

At the 99% confidence level, the BD PhaSeal 
system is capable of maintaining sterility 
in a controlled environment.  At the 168 
hour mark, there is a 98.2% probability 
that vials will not be contaminated. 

The results indicated that at the 168-hour 
mark, the probability of failure was 0.3%. In 
other words, at 168 hours one would expect 
there to be a 99.7% probability that the vial 
would not be contaminated with bacterial 
growth if the same procedures were utilised 
under the same environmental conditions.

Actual savings during the study period was 
US $96,348.70. The cost-saving during the 
study period represents a US $703,047.67 
annual saving; which more than offsets 
the US $106,556.55 the pharmacy spent 
for the BD PhaSeal system in 2012.

All of the 740 final product samples (320 
IV bags, 320 syringes) were negative 
for microbiological growth. After seven 
days, all 80 vials remained sterile at the 
end of the study even with at least nine 
punctures of the BD PhaSeal membrane.

Conclusions/ 
Implications

The use of multi-dose vials until their 
physical and chemical expiry dates can save 
a substantial amount of money in the range 
of €300,000 to €700,000 per year for the 
studied hospital. The possible savings can be 
a supplementary argument for investing in a 
better work-setting and devices to ensure the 
safe and sterile handling of hazardous drugs.

BD PhaSeal proved the least susceptible 
to microbial contamination of the vial; 
adequate disinfection of the vial prior 
to connection remains required.

Results of this study show that the BD 
PhaSeal closed system drug transfer 
device does work to provide a mechanical 
barrier to the entry of contaminants into 
sterile solutions.  The study demonstrates 
that solutions could be expected to 
remain sterile for up to 168 hours.

This study further demonstrates the BD 
PhaSeal system’s utility in extending the 
beyond-use date (BUD) and therefore 
reducing waste of viable pharmaceuticals. 
Extending the BUD results in improvements 
in the supply chain, beneficial effects on 
the environment, and significant cost 
savings for the healthcare system.

In addition to being a protective measure 
to reduce exposure to hazardous agents, 
use of the BD PhaSeal system results in a 
reduction in drug waste, and a noticeable 
cost saving for antineoplastic agents.

The BD PhaSeal system allows for 
proper aseptic technique in sterile 
compounding and remained sterile for 
at least one week, even after several 
punctures of the membrane. Significant 
economical savings can be achieved.
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Utility of the PhaSeal  
Closed System Drug Transfer Device

Spending on healthcare in the United States contin-

ues to be a major concern. In 2008 the United Sates  

spent $2.4 trillion on healthcare, which was 16.2% 

of the total US gross domestic product (GDP).1 That fig-

ure rose in 2009 to $2.47 trillion, or 17.3% of the GDP. If 

this trend continues unabated, projections are that spend-

ing will hit $4.4 trillion and top 20% of the GDP by 2018.2 

This continued rise in spending puts extreme pressure on 

all facets of the healthcare industry. Patients, their fami-

lies, providers, payers, hospitals, and the government all 

feel the stress. Clearly, this situation is not sustainable and 

everyone must work to reduce healthcare costs.

In organized healthcare settings, one of the fastest-

growing expense lines is prescription drugs. Drugs rou-

tinely consume 10% to 12% of total hospital expenditures, 

and in some specialty hospitals such as cancer hospitals, 

that amount is closer to 40% to 50%.3 With an average 

cost of $800 million to bring a new drug to market, ad-

vances in treatment options come with a significant price 

tag.4 Many of the newer drugs are large-molecule mono-

clonal antibodies. These drugs typically are parenteral 

medications that come in single-use nonpreserved vials. 

Current United States Pharmacopeia (USP) Chapter 797 

standards mandate that nonpreserved or single-use drugs 

must be discarded 1 hour after opening if that opening 

occurred outside of International Organization for Stan-

dardization (ISO) 5 air conditions, or after 6 hours if the 

vial was opened in ISO 5 air conditions and the drug re-

mained in those conditions for the entire time.5 This USP 

standard was enacted to provide additional patient pro-

tection by minimizing the impact of any microbial con-

tamination of these products that could result in patient 

harm. Even though these drugs are chemically stable, if 

unused amounts are present after the stated USP standard 

Derek M. McMichael, PharmD; Dawn Moore Jefferson, PharmD; E. Thomas Carey, PharmD;  
Ryan A. Forrey, PharmD, MS; Susan M. Spivey, PharmD, DDS; John M. Mulvaney, MHA;  
James A. Jorgenson, RPh, MS; and R. Douglas Haughs, BS

ABSTRACT

Objective:	To	 assess	 the	ability	 of	 the	PhaSeal	 closed	 system	drug	

transfer	device	to	prevent	the	contamination	of	parenteral	drug	prod-

ucts,	thereby	allowing	extended	beyond	use	dating,	which	could	signifi-

cantly	reduce	waste	and	cost	of	these	products.

Study Design:	 Nonrandomized	 trial	 with	 interrupted	 time	 series	

design.

Methods: The	PhaSeal	 closed	system	drug	 transfer	device	was	ap-

plied	 to	vials	containing	sterile	culture	media.	The	vials	were	entered	

using	the	PhaSeal	system	and	samples	were	removed	at	24,	48,	72,	

96,	and	168	hours.	Samples	were	tested	by	an	independent	microbiol-

ogy	laboratory	for	evidence	of	contamination.

Results: A	 total	 of	 1328	 syringes	 were	 produced	 at	 4	 different	 in-

stitutions.	Visual,	microscopic,	and	microbiologic	subculture	analyses	

were	performed.	A	 failure	 rate	of	1.8%	was	observed,	which	was	not	

greater	 than	expected	and	supported	our	alternate	hypothesis	at	 the	

99%	confidence	level	that	the	PhaSeal	system	is	capable	of	maintain-

ing	sterility	in	a	controlled	environment.	Secondary	analysis	of	the	data	

was	conducted	based	on	time	to	failure.	The	analysis	indicated	that	at	

the	168-hour	mark	there	is	a	98.2%	probability	that	the	vials	will	not	

be	contaminated.

Conclusion: Results	of	this	study	show	that	the	PhaSeal	closed	sys-

tem	drug	transfer	device	does	work	to	provide	a	mechanical	barrier	to	

the	entry	of	contaminants	into	sterile	solutions.	The	study	demonstrates	

that	solutions	could	be	expected	to	remain	sterile	for	up	to	168	hours.

(Am J Pharm Benefits. 2011;3(1):9-16)
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S
pending on healthcare in the United States contin-

ues to be a major concern. In 2008 the United Sates  

spent $2.4 trillion on healthcare, which was 16.2% 

of the total US gross domestic product (GDP).
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 That fig-

ure rose in 2009 to $2.47 trillion, or 17.3% of the GDP. If 

this trend continues unabated, projections are that spend-

ing will hit $4.4 trillion and top 20% of the GDP by 2018.
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This continued rise in spending puts extreme pressure on 

all facets of the healthcare industry. Patients, their fami-

lies, providers, payers, hospitals, and the government all 

feel the stress. Clearly, this situation is not sustainable and 

everyone must work to reduce healthcare costs.

In organized healthcare settings, one of the fastest-

growing expense lines is prescription drugs. Drugs rou-

tinely consume 10% to 12% of total hospital expenditures, 

and in some specialty hospitals such as cancer hospitals, 

that amount is closer to 40% to 50%.
3
 With an average 

cost of $800 million to bring a new drug to market, ad-

vances in treatment options come with a significant price 

tag.
4
 Many of the newer drugs are large-molecule mono-

clonal antibodies. These drugs typically are parenteral 

medications that come in single-use nonpreserved vials. 

Current United States Pharmacopeia (USP) Chapter 797 

standards mandate that nonpreserved or single-use drugs 

must be discarded 1 hour after opening if that opening 

occurred outside of International Organization for Stan-

dardization (ISO) 5 air conditions, or after 6 hours if the 

vial was opened in ISO 5 air conditions and the drug re-

mained in those conditions for the entire time.
5
 This USP 

standard was enacted to provide additional patient pro-

tection by minimizing the impact of any microbial con-

tamination of these products that could result in patient 

harm. Even though these drugs are chemically stable, if 

unused amounts are present after the stated USP standard 
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ABSTRACT

Objective:	To	 assess	 the	ability	 of	 the	PhaSeal	 closed	 system	drug	

transfer	device	to	prevent	the	contamination	of	parenteral	drug	prod-

ucts,	thereby	allowing	extended	beyond	use	dating,	which	could	signifi-

cantly	reduce	waste	and	cost	of	these	products.

Study Design:	 Nonrandomized	 trial	 with	 interrupted	 time	 series	

design.

Methods: The	PhaSeal	 closed	system	drug	 transfer	device	was	ap-

plied	 to	vials	containing	sterile	culture	media.	The	vials	were	entered	

using	the	PhaSeal	system	and	samples	were	removed	at	24,	48,	72,	

96,	and	168	hours.	Samples	were	tested	by	an	independent	microbiol-

ogy	laboratory	for	evidence	of	contamination.

Results: A	 total	 of	 1328	 syringes	 were	 produced	 at	 4	 different	 in-

stitutions.	Visual,	microscopic,	and	microbiologic	subculture	analyses	

were	performed.	A	 failure	 rate	of	1.8%	was	observed,	which	was	not	

greater	 than	expected	and	supported	our	alternate	hypothesis	at	 the	

99%	confidence	level	that	the	PhaSeal	system	is	capable	of	maintain-

ing	sterility	in	a	controlled	environment.	Secondary	analysis	of	the	data	

was	conducted	based	on	time	to	failure.	The	analysis	indicated	that	at	

the	168-hour	mark	there	is	a	98.2%	probability	that	the	vials	will	not	

be	contaminated.

Conclusion: Results	of	this	study	show	that	the	PhaSeal	closed	sys-

tem	drug	transfer	device	does	work	to	provide	a	mechanical	barrier	to	

the	entry	of	contaminants	into	sterile	solutions.	The	study	demonstrates	

that	solutions	could	be	expected	to	remain	sterile	for	up	to	168	hours.

(Am J Pharm Benefits. 2011;3(1):9-16)
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TABLE 4: Studies evaluating microbiological integrity and its impact on pharmacy cost-savings scenarios

Date of publication 2008 2008 2011 2011 2013 2013

First author Vandenbroucke 22 DePrijck 23 McMichael 2011 24 Carey 25 Edwards 26 Sanchez 27

Study or published 
article name

Economic impact of the preparation scenario 
for cytotoxic drugs: an observational study.

Microbiological challenge of 
four protective devices for the 
reconstitution of cytotoxic agents.

Utility of the BD PhaSeal closed 
system drug transfer device.

Second look at utilisation of a closed-
system transfer device (BD PhaSeal).

Cost savings realised by use of the BD 
PhaSeal closed-system transfer device for 
preparation of antineoplastic agents.

CSTDs and microbiological 
stability of cytostatics.

Comparator Three different preparation and 
conservation scenarios for cytotoxic drugs, 
all using BD PhaSeal for the protection 
of employees and the product.

Traditional technique plus three alternative 
transfer devices: the Clave® by ICU Medical, 
the Chemoprotect Spike® by Codan US 
Corporation and the Securmix® by Eurospital.

Multiple manipulations into drug vials 
using BD PhaSeal under normal working 
conditions at four USA cancer facilities.

Multiple manipulations into drug vials 
using BD PhaSeal under normal working 
conditions at four US cancer facilities.

Whether using BD PhaSeal to extend 
the beyond-use date of single-use vials 
of antineoplastic medications would 
result in a measurable cost saving.

Evaluating the microbiological stability of 
products using BD PhaSeal inside a biological 
safety cabinet and ability of BD PhaSeal to 
maintain vial sterility once opened for an 
extended time in different conditions.

Study design Analyzed preparation data from July and 
August 2006 and simulated, for each 
day, the theoretical use of drug vials 
belonging to three different preparation 
and conservation scenarios for cytotoxic 
drugs. 3,086 preparations were evaluated.

Devices were challenged with 
low and high inocula of 
micro-organisms and manipulated 
repeatedly; cells were counted by 
means of solid-phase cytometry.

Vials were entered using BD PhaSeal and 
samples were removed at 24, 48, 72, 
96 and 168 hours along with positive 
controls (B subtilis) and negative controls.  
Representative samples were tested by 
an independent microbiology laboratory 
for evidence of contamination.

Vials were entered using BD PhaSeal and 
samples were removed at 24, 48, 72, 96 & 
168 hours along with positive and negative 
controls. Representative samples were 
tested by an independent microbiology 
laboratory for evidence of contamination.

A list of 25 drugs available in single-
use vials, with a chemical stability of 
at least 48 hours, was compiled. The 
mean potential percentage of drug 
waste was calculated to be 57.03%.

Ten batches of 8 vials containing 
tryptic soy broth were prepared by five 
different operators in two different 
storage conditions (room ambient and 
refrigerated). Vial samples were withdrawn 
on day 0, 1, 4 & 7, placed into syringes 
& IV bags and incubated for 14 days.

Results On average, the overall cost of cytotoxic 
preparation can be decreased by 7% to 
15% depending on the applied scenario.

Of the four devices, BD PhaSeal afforded 
the lowest transfer of micro-organisms.

At the 99% confidence level, the BD PhaSeal 
system is capable of maintaining sterility 
in a controlled environment.  At the 168 
hour mark, there is a 98.2% probability 
that vials will not be contaminated. 

The results indicated that at the 168-hour 
mark, the probability of failure was 0.3%. In 
other words, at 168 hours one would expect 
there to be a 99.7% probability that the vial 
would not be contaminated with bacterial 
growth if the same procedures were utilised 
under the same environmental conditions.

Actual savings during the study period was 
US $96,348.70. The cost-saving during the 
study period represents a US $703,047.67 
annual saving; which more than offsets 
the US $106,556.55 the pharmacy spent 
for the BD PhaSeal system in 2012.

All of the 740 final product samples (320 
IV bags, 320 syringes) were negative 
for microbiological growth. After seven 
days, all 80 vials remained sterile at the 
end of the study even with at least nine 
punctures of the BD PhaSeal membrane.

Conclusions/ 
Implications

The use of multi-dose vials until their 
physical and chemical expiry dates can save 
a substantial amount of money in the range 
of €300,000 to €700,000 per year for the 
studied hospital. The possible savings can be 
a supplementary argument for investing in a 
better work-setting and devices to ensure the 
safe and sterile handling of hazardous drugs.

BD PhaSeal proved the least susceptible 
to microbial contamination of the vial; 
adequate disinfection of the vial prior 
to connection remains required.

Results of this study show that the BD 
PhaSeal closed system drug transfer 
device does work to provide a mechanical 
barrier to the entry of contaminants into 
sterile solutions.  The study demonstrates 
that solutions could be expected to 
remain sterile for up to 168 hours.

This study further demonstrates the BD 
PhaSeal system’s utility in extending the 
beyond-use date (BUD) and therefore 
reducing waste of viable pharmaceuticals. 
Extending the BUD results in improvements 
in the supply chain, beneficial effects on 
the environment, and significant cost 
savings for the healthcare system.

In addition to being a protective measure 
to reduce exposure to hazardous agents, 
use of the BD PhaSeal system results in a 
reduction in drug waste, and a noticeable 
cost saving for antineoplastic agents.

The BD PhaSeal system allows for 
proper aseptic technique in sterile 
compounding and remained sterile for 
at least one week, even after several 
punctures of the membrane. Significant 
economical savings can be achieved.

ABSTRACT

Objectives: To assess the ability of the PhaSeal system to main-
tain product sterility given current US Pharmacopeia Chapter 797 
and International Organization for Standardization standards for 
use. 

Study Design: Nonrandomized, multicenter trial with interrupted 
time series design. 

Methods: Aliquots of sterile culture medium were transferred from 
test vials of sterile culture medium to intravenous (IV) bags of sterile 
medium over a 7-day time period utilizing the PhaSeal closed-sys-
tem transfer device. The IV bag test samples were then held under 
controlled incubation for 14 days, and monitored for evidence of 
contamination by an independent microbiology laboratory.

Results: The results indicated that at the 168-hour mark, the 
probability of failure was 0.3%. In other words, at 168 hours one 
would expect there to be a 99.7% probability that the vial would not 
be contaminated with bacterial growth if the same procedures were 
utilized under the same environmental conditions.

Conclusions: Although the use of closed-system transfer devices 
has traditionally focused on reducing exposure of healthcare work-
ers to hazardous substances, this study further demonstrates the 
PhaSeal system’s utility in extending the beyond-use date (BUD) 
and therefore reducing waste of viable pharmaceuticals. Extending 
the BUD results in improvements in the supply chain, benefi cial 
effects on the environment, and signifi cant cost savings for the 
healthcare system.

(Am J Pharm Benefi ts. 2011;3(6):311-318)
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Use of closed-system transfer devices (CSTDs) has 

become an integral part of the processes associated 

with preparation of hazardous medications. Tradi-

tionally, CSTDs have been used to reduce the amount of ex-

posure to hazardous medications experienced by healthcare 

workers. However, 1 device in particular, PhaSeal (Carmel 

Pharma AB, Goteborg, Sweden), has also been proved to 

prevent contamination and potentially extend the beyond-

use date (BUD) of pharmaceuticals otherwise limited by 

US Pharmacopeia Chapter 797 (USP <797>) sterility limits, 

which has the potential to decrease waste.1 Decreasing 

waste would not only provide signifi cant cost savings for 

healthcare systems, but also assist with preventing wastage 

of medications that are in critical short supply.

Healthcare costs in the United States continue to be an 

area of great concern. Projections indicate that sometime be-

tween 2018 and 2020, the healthcare budget in the United 

States will increase to more than 20% of the gross domestic 

product. Traditionally, the rate of growth of drug expendi-

tures has exceeded the rate of growth of total healthcare 

expenditures.2 In recent years, there has been equilibration 

between the rate of growth of total healthcare costs and 

the rate of growth of pharmaceutical costs. The Centers for 

Medicare & Medicaid Services has projected a 5.2% growth 

rate in overall healthcare expenditures in 2011. However, 

clinic-administered antineoplastic agents have seen much 

higher increases in cost growth. For example, there was 

a 9.5% increase in costs between 2009 and 2010. As such, 

there is tremendous potential in this area for signifi cant cost 

savings.

At the same time that US healthcare costs are a concern, 

there is also an increased focus on improving quality and 

safety. To ensure patient safety associated with the use of 

parenteral medications, USP <797> contains standards for 

healthcare facilities to use as guidelines when preparing 

compounded sterile products. Furthermore, USP <797> is 
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Cancer is a major public health
problem worldwide that has an elevated 
social impact due to morbidity and 
mortality, and which causes a serious 
financial burden to society.

Overall, an estimated 12.7 million new 
cancer cases and 7.6 million cancer 
deaths occurred in 2008 worldwide.1 
Consequently, cytostatic drug 
compounding has become a major 
challenge for hospital pharmacy services.

The pharmacist is responsible for 
compounding sterile products of the 
correct ingredients, purity, strength, and 
sterility, and accurate labelling and 
dispensing in appropriate containers for 
the end user. The expiry date should be 
based on available chemical stability data 
and sterility considerations.2 

Regarding microbiological stability, 
pharmaceutical manufacturers usually 
quote very short stability data, reflecting 
a care principle that considers the 
possibility of bacterial contamination and 

the fact that most of the drugs do not 
contain preservatives. In many cases, 
immediate use is instructed in the 
product information so that extended use 
is now a user responsibility, and this 
depends on the capability of 
implementing a proper aseptic technique.

Cytostatic compounding is a technical 
challenge because it is necessary to 
implement correct aseptic technique to 
maintain product sterility while 
minimising potential occupational and 
environmental exposure owing to the 
deleterious effects of this class of drugs.3 

Health professionals who work in 
chemotherapy preparation and 
administration are exposed to these 
compounds in different ways (for 
example, dermal contact, inhalation, 
ingestion) and several observational 
studies have demonstrated that working 
surfaces and different objects (such as 
gloves and vials) are contaminated with 
antineoplastic agents regardless of the 
use of biological safety cabinets. Urine 
analysis of exposed workers in other 
studies has also revealed that systemic 
absorption of these compounds is a 
possibility.4–6 The exposure could lead to 
harmful effects such as genotoxicity, 
reproductive toxicity, and 
carcinogenicity.7–9 

The traditional technique of a needle 
and syringe to extract drugs from vials 
has been shown to lead to greater 

contamination levels due to aerosols, 
spills, leakages or losses across the 
rubber stopper of the vial.10 The use of a 
closed system can improve safety greatly. 

Closed system devices
A closed-system transfer device is defined 
as: “a drug transfer device that 
mechanically prohibits the transfer of 
environmental contaminants into the 
system and the escape of hazardous drug 
or vapour concentrations outside the 
system. The system must be airtight and 
leakproof”.11,12

The BD PhaSeal® system (Becton 
Dickinson) meets this definition and has 
been shown in several studies to diminish 
the contamination of working surfaces 
and reduce personnel exposure.13–15 
However, less is known about the 
system’s capability to maintain product 
sterility in real practice.

The objective of this study was to 
evaluate the microbiological stability of 
products manipulated using the BD 
PhaSeal® system inside a biological safety 
cabinet. We also evaluated the system’s 
capability to maintain vial sterility once 
opened or reconstituted for an extended 
time and in different conditions.

Methods
The cytostatic drug elaboration process 
was simulated using Tryptone soya broth 
culture medium instead of initial drug 

“Hospital pharmacy departments provide 
ready-to-use cytostatic drugs and ensure that 
the physicochemical stability and asepsis of the 
product is maintained”

ABSTRACT

Objectives: To assess the ability of the PhaSeal system to main-
tain product sterility given current US Pharmacopeia Chapter 797 
and International Organization for Standardization standards for 
use. 

Study Design: Nonrandomized, multicenter trial with interrupted 
time series design. 

Methods: Aliquots of sterile culture medium were transferred from 
test vials of sterile culture medium to intravenous (IV) bags of sterile 
medium over a 7-day time period utilizing the PhaSeal closed-sys-
tem transfer device. The IV bag test samples were then held under 
controlled incubation for 14 days, and monitored for evidence of 
contamination by an independent microbiology laboratory.

Results: The results indicated that at the 168-hour mark, the 
probability of failure was 0.3%. In other words, at 168 hours one 
would expect there to be a 99.7% probability that the vial would not 
be contaminated with bacterial growth if the same procedures were 
utilized under the same environmental conditions.

Conclusions: Although the use of closed-system transfer devices 
has traditionally focused on reducing exposure of healthcare work-
ers to hazardous substances, this study further demonstrates the 
PhaSeal system’s utility in extending the beyond-use date (BUD) 
and therefore reducing waste of viable pharmaceuticals. Extending 
the BUD results in improvements in the supply chain, benefi cial 
effects on the environment, and signifi cant cost savings for the 
healthcare system.
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se of closed-system transfer devices (CSTDs) has 

become an integral part of the processes associated 

with preparation of hazardous medications. Tradi-

tionally, CSTDs have been used to reduce the amount of ex-

posure to hazardous medications experienced by healthcare 

workers. However, 1 device in particular, PhaSeal (Carmel 

Pharma AB, Goteborg, Sweden), has also been proved to 

prevent contamination and potentially extend the beyond-

use date (BUD) of pharmaceuticals otherwise limited by 

US Pharmacopeia Chapter 797 (USP <797>) sterility limits, 

which has the potential to decrease waste.
1
 Decreasing 

waste would not only provide signifi cant cost savings for 

healthcare systems, but also assist with preventing wastage 

of medications that are in critical short supply.

Healthcare costs in the United States continue to be an 

area of great concern. Projections indicate that sometime be-

tween 2018 and 2020, the healthcare budget in the United 

States will increase to more than 20% of the gross domestic 

product. Traditionally, the rate of growth of drug expendi-

tures has exceeded the rate of growth of total healthcare 

expenditures.
2
 In recent years, there has been equilibration 

between the rate of growth of total healthcare costs and 

the rate of growth of pharmaceutical costs. The Centers for 

Medicare & Medicaid Services has projected a 5.2% growth 

rate in overall healthcare expenditures in 2011. However, 

clinic-administered antineoplastic agents have seen much 

higher increases in cost growth. For example, there was 

a 9.5% increase in costs between 2009 and 2010. As such, 

there is tremendous potential in this area for signifi cant cost 

savings.

At the same time that US healthcare costs are a concern, 

there is also an increased focus on improving quality and 

safety. To ensure patient safety associated with the use of 

parenteral medications, USP <797> contains standards for 

healthcare facilities to use as guidelines when preparing 

compounded sterile products. Furthermore, USP <797> is 
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Cancer is a major public health
problem worldwide that has an elevated 
social impact due to morbidity and 
mortality, and which causes a serious 
financial burden to society.

Overall, an estimated 12.7 million new 
cancer cases and 7.6 million cancer 
deaths occurred in 2008 worldwide.
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Consequently, cytostatic drug 
compounding has become a major 
challenge for hospital pharmacy services.

The pharmacist is responsible for 
compounding sterile products of the 
correct ingredients, purity, strength, and 
sterility, and accurate labelling and 
dispensing in appropriate containers for 
the end user. The expiry date should be 
based on available chemical stability data 
and sterility considerations.

2
 

Regarding microbiological stability, 
pharmaceutical manufacturers usually 
quote very short stability data, reflecting 
a care principle that considers the 
possibility of bacterial contamination and 

the fact that most of the drugs do not 
contain preservatives. In many cases, 
immediate use is instructed in the 
product information so that extended use 
is now a user responsibility, and this 
depends on the capability of 
implementing a proper aseptic technique.

Cytostatic compounding is a technical 
challenge because it is necessary to 
implement correct aseptic technique to 
maintain product sterility while 
minimising potential occupational and 
environmental exposure owing to the 
deleterious effects of this class of drugs.

3
 

Health professionals who work in 
chemotherapy preparation and 
administration are exposed to these 
compounds in different ways (for 
example, dermal contact, inhalation, 
ingestion) and several observational 
studies have demonstrated that working 
surfaces and different objects (such as 
gloves and vials) are contaminated with 
antineoplastic agents regardless of the 
use of biological safety cabinets. Urine 
analysis of exposed workers in other 
studies has also revealed that systemic 
absorption of these compounds is a 
possibility.

4–6
 The exposure could lead to 

harmful effects such as genotoxicity, 
reproductive toxicity, and 
carcinogenicity.

7–9
 

The traditional technique of a needle 
and syringe to extract drugs from vials 
has been shown to lead to greater 

contamination levels due to aerosols, 
spills, leakages or losses across the 
rubber stopper of the vial.

10
 The use of a 

closed system can improve safety greatly. 

Closed system devices
A closed-system transfer device is defined 
as: “a drug transfer device that 
mechanically prohibits the transfer of 
environmental contaminants into the 
system and the escape of hazardous drug 
or vapour concentrations outside the 
system. The system must be airtight and 
leakproof”.

11,12

The BD PhaSeal
®

 system (Becton 
Dickinson) meets this definition and has 
been shown in several studies to diminish 
the contamination of working surfaces 
and reduce personnel exposure.

13–15
 

However, less is known about the 
system’s capability to maintain product 
sterility in real practice.

The objective of this study was to 
evaluate the microbiological stability of 
products manipulated using the BD 
PhaSeal

®
 system inside a biological safety 

cabinet. We also evaluated the system’s 
capability to maintain vial sterility once 
opened or reconstituted for an extended 
time and in different conditions.

Methods
The cytostatic drug elaboration process 
was simulated using Tryptone soya broth 
culture medium instead of initial drug 

“Hospital pharmacy departments provide 
ready-to-use cytostatic drugs and ensure that 
the physicochemical stability and asepsis of the 
product is maintained”
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TABLE 5: Studies evaluating the impact of BD PhaSeal on workflow and staffing

Date of publication 2000 2004 2006 2006 2012

First author Ferencak 28 (Poster) Poirier 29 (Poster) Miyamatsu 30 Landini 31 (Poster) Sanchez 32

Study or published 
article name

Implementation of safer chemotherapy 
systems utilized in a VA medical center.

Practical implementation of a closed 
system (BD PhaSeal) for the preparation, 
administration and disposal of cytotoxic 
drugs in a busy ambulatory cancer center.

Evaluation of operability of the BD 
PhaSeal system, a sealed handling 
device for anticancer agents.

Implementation and standardization 
of a safety device for use in preparing 
and administering cytotoxic 
medications in an inpatient setting.

Use of a CSTD (BD PhaSeal) and 
Impact on Preparation Time.

Study design Survey of nurses and pharmacy staff after 
in-service training on the use of BD PhaSeal.

Assessment of preparation times (pharmacy 
technicians) and administration times 
(nurses) after introduction of BD PhaSeal.

Comparison of preparation times using 
a conventional system (CS) and BD 
PhaSeal (PS) in pharmacists and nurses.

Implementation of BD PhaSeal in 
pediatric and adult hospitals by a 
multidisciplinary stakeholder group.

Four experienced pharmacy 
technicians prepared six batches 
with each method simulating simple 
chemotherapy admixture operations.

Outcome measures Perception of increased safety. Differences in preparation and 
administration times.

Total preparation time; aspiration time. Smoothness of transition; pre-implementation 
wipe tests for cyclophosphamide.

Comparison of traditional technique vs. 
BD PhaSeal and evaluating the learning 
curve effect between days by ANOVA.

Results Staff who regularly prepared and 
administered chemotherapy were more 
likely to perceive BD PhaSeal as being 
a safer system than other staff.

Pharmacy technicians returned to 
pre-trial efficiency levels within 
hours; nurses within two weeks.

Total preparation time: 
CS – 42.6 ±11.15 secs. 
PS – 63.3 ± 14.99 secs. 
Aspiration time: 
CS – 27.2 ± 9.08 secs. 
PS – 17.7± 5.53 secs.

Transition of BD PhaSeal into hospital went 
smoothly. Pre-implementation wipe tests 
showed levels of contamination > 1 ng/
cm2 in some pharmacy preparation areas.

An average percentage of time saving 
compared to traditional technique of 31.7% 
was observed (time per batch [mean±SD] 
6.44+0.73 vs. 9.44+0.98 minutes).

Implications Staff who understand the risks of handling 
chemotherapy readily understand 
the advantages of BD PhaSeal.

The benefits of BD PhaSeal can be 
achieved without sacrificing efficiency.

Training is needed to handle BD PhaSeal in 
the same time as conventional systems.

A multidisciplinary committee is essential 
to agree on hospital-wide protocols 
for cytotoxic drug handling.

The BD PhaSeal system, in addition to 
its protective properties, is able to save 
time in the elaboration process which 
leads to efficiency in the pharmacy.

Evaluation of impact on workflow and staffing
Several studies have examined the practicality of implementing BD PhaSeal in routine working situations (see Table 4). Two 
conclusions can be drawn from these reports:
• Staff who understand the risks of handling chemotherapy understand the advantages of BD PhaSeal.
• Staff quickly become adept at handling the BD PhaSeal system without sacrificing efficiency.
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CS – 42.6 ±11.15 secs. 
PS – 63.3 ± 14.99 secs. 
Aspiration time: 
CS – 27.2 ± 9.08 secs. 
PS – 17.7± 5.53 secs.

Transition of BD PhaSeal into hospital went 
smoothly. Pre-implementation wipe tests 
showed levels of contamination > 1 ng/
cm2 in some pharmacy preparation areas.

An average percentage of time saving 
compared to traditional technique of 31.7% 
was observed (time per batch [mean±SD] 
6.44+0.73 vs. 9.44+0.98 minutes).

Implications Staff who understand the risks of handling 
chemotherapy readily understand 
the advantages of BD PhaSeal.

The benefits of BD PhaSeal can be 
achieved without sacrificing efficiency.

Training is needed to handle BD PhaSeal in 
the same time as conventional systems.

A multidisciplinary committee is essential 
to agree on hospital-wide protocols 
for cytotoxic drug handling.

The BD PhaSeal system, in addition to 
its protective properties, is able to save 
time in the elaboration process which 
leads to efficiency in the pharmacy.

Previous studies have documented cytotoxic drug 
exposure in areas where staff prepare and 
administer these hazardous medications using the 
traditional open system technique.  The open 
system technique can expose the handler through 
needle-stick, inhalation, and absorption through 
skin.  Our ambulatory care and home infusion 
pharmacies were using a closed and needle-free 
system for preparing cytotoxic medications.  
PhaSeal® uses a double membrane closed system 
to ensure the leak-free transfer of drugs.  Since 
employee safety is a concern, we wanted to 
implement this process in both our pediatric and 
adult inpatient hospitals.  We also recognized the 
importance of standardizing the process across 
several areas to minimize the confusion for staff 
who work in both inpatient and outpatient areas as 
well as across hospitals (pediatrics and adults).  
The use of the PhaSeal® line heightens general 
awareness and alerts the health care professional 
to use precautions when handling the medication.
 

Phaseal® System

A committee composed of nursing and pharmacy 
stakeholders was formed to get input and 
involvement.  This was a multi-disciplinary team 
comprised of staff nurses, staff pharmacists, 
technicians, pharmacy managers, clinical nurses, 
and nursing educators.  We then arranged for the 
vendor to demonstrate the product to the 
members on the committee for familiarity with the 
product before making decisions.  At the meetings, 
both nursing and pharmacy brought up concerns 
that were documented and addressed.  
Standardization with our ambulatory care setting 
and both inpatient settings was a goal in these 
meetings.  A nursing lead was appointed to help 
address the nursing issues for both areas.  
Pharmacy addressed their concerns which included 
space, product stocking and allocation, minimizing 
compounds made in glass, additional staff during 
implementation, and issues with priming tubing.  
Decisions were made, a training process was set 
up, and work procedures were written in both 
nursing and pharmacy.  The vendor training was 
scheduled for the whole hospital, wipe tests to 
check for pre-existing contamination were 
performed on nursing units and pharmacy 
satellites, and implementation dates were then 
negotiated and set.

We were able to standardize the process with all 
areas with only a few exceptions.  Two weeks 
following training we implemented our project in 
the pediatric hospital.  Pediatrics was chosen for 
the initial phase because of lower volume and 
fewer changes in pharmacy operations.  Additional 
training was taking place in both pharmacy and in 
nursing simultaneously during this time to ensure 
that all users were trained and ready for the adult 
implementation date.  Two weeks later we 
implemented in the adult hospital.  The transition 
in both hospitals went smoothly with minimal 
issues and most of those issues were in regard to 
proper technique of the product.

Standardized Work Procedure
Input from all stakeholders is necessary to ensure 
that all aspects of handling are considered prior to 
implementation.  We also learned that forming a 
multi-disciplinary committee is essential for 
successful implementation of standardized rules 
for cytotoxic drug handling.   By addressing the 
issues of the stakeholders and with adequate 
planning, we were able to successfully standardize 
and change to the new system resulting in a safer 
work environment for all users. 

The authors of this presentation have the following 
to disclose concerning current financial or personal 
relationships with commercial entities:

Kimberly Landini: Nothing to disclose

Stakeholders: What’s in it for them? 
Pharmacists • Personal safety 

• Label creation easier and more 
efficient 

Pharmacy Technicians • Personal safety 
• Possible increased efficiency around 

manipulating hazardous chemicals 
• Allows for easier cross-training for 

technicians to advance in the career 
ladder 

Nurses • Personal safety 
• More efficient  
• Decreased use of glass so less 

spills, and more consistency (i.e. 
one type of tubing) 

Patients and Families • Personal Safety 
• Targeted exposure-no spills or drips 

at bedside 

Management • Increased employee and customer 
satisfaction 

• Gain flexibility in scheduling 

 

 

  

 

 

Implementation Plan 
Action Steps: 
• Initiate a work group of pediatric and adult nursing 

representatives to agree on consistent delivery and 
preparation of these medications 

• Bring in company representatives to demonstrate 
the product 

• Develop work procedures  
• Product allocation from Materials and storage of 

supplies for UH and Mott pharmacy satellites and 
nursing units 

• Creation of chemo order group  
• Build and convert all chemos to IVPB route 
• Address total volume issues 
• Change most chemos from glass to plastic 
• Training for pharmacy and nursing 
• Roll out system in Mott (pediatrics)  
• Monitor progress and address concerns of 

stakeholders 
• Roll out system in UH (adult) 
• Monitor progress and address concerns of 

stakeholders 

High levels of contamination of greater than 1.0 ng/cm2 were found in the pharmacy 
areas.  Lower levels were found in the patient and nursing medication rooms.

Pre-Implementation Wipe Tests

The Protector with it’s expansion chamber 
is attached onto the drug vial.  Upon 
puncture there is a membrane that 
prevents any air leakage.  The expansion 
chamber captures any aerosols and vapors 
while maintaining equal pressure in the vial 
during drug preparation.

The Injector Luer Lock can be placed on a 
syringe for a dry connection during 
syringe filling and drug administration.  
Its encapsulated needle allows you to 
retrieve the drug from the vial and 
retracts into a “locked” position when 
procedures are complete to prevent any 
drug leakage or needle contact.

The Infusion Adapter is placed on the IV 
bag and provides a dry connection for 
spiking the administration set into the IV 
bag.  It allows nurses the opportunity to 
select the tubing they need. 

The Connector is used for attachment to 
IV lines for bolus administration and for 
sealed drug transfers from 
syringe-to-syringe.

www.phaseal.com

CONCLUSION

DISCLOSURE

RESULTS

 

Department Description Surface 

Area 
Surface 

(cm2) 
Total Volume 

NaOH (ml) 
[CP] (ng/ml 

NaOH) 
amount CP 

(ng) 
CP 

(ng/cm2) 

8th floor Inpatient Pharmacy BSC Surface 5175 160 3.68 589 0.11 

8th floor Inpatient Pharmacy BSC Airfoil 920 160 7.14 1142 1.24 

8th floor Inpatient Pharmacy BSC Floor 4900 160 58.39 9342 1.91 

8th floor Inpatient Pharmacy Checking Counter 2385 160 49.76 7962 3.34 

Mott Pharmacy BSC Surface 6650 160 99.52 15923 2.39 

Mott Pharmacy BSC Airfoil 1925 160 264.99 42398 22.03 

Mott Pharmacy BSC Floor 4900 160 11.77 1883 0.38 

Mott Pharmacy Checking Counter 3500 160 6.6 1056 0.3 

8B Inpatient Chemobin Medroom 4482 160 0.11 18 0.01 

8B Inpatient Floor Pat Room #8131-01 4900 160 18.02 2883 0.59 

8A Inpatient Courtside Chemobin Medroom 5460 160 0.34 54 0.01 

Inpatient Nursing 8A Room #8404 4900 160 0.35 56 0.01 

7 Mott 
Floor left side Pat Room #7694-
02 4900 160 15.36 2616 0.53 

7 Mott Wall Medroom 4914 160 4.83 773 0.16 

METHODSPURPOSE

University of Michigan Health System, Department of Pharmacy Services
Kimberly M. Landini, Pharm.D.

Implementation and standardization of a safety device for use in
preparing and administering cytotoxic medications in an inpatient setting
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CONCLUSIONS

• The first FDA cleared CSTD indicated to reduce exposure to hazardous drugs.33

• The BD PhaSeal system is leakproof and airtight and satisfies the NIOSH, ASHP and ISOPP definitions of a closed-
system drug transfer device (CSTD).33

• Introduction of the BD PhaSeal system can prevent three sources of environmental contamination with cytotoxic 
drugs. These are:

– Aerosols formed during drug preparation1-8

– Drug vapours released during drug preparation6

– Droplets released during transfer1-8

• Introduction of the BD PhaSeal system has been proven to reduce occupational exposure of healthcare personnel 
to cytotoxic drugs.14-21

• Staff quickly become adept at handling the BD PhaSeal system without sacrificing efficiency.28-32

• Use of the BD PhaSeal system may help facilities realise an economic benefit in pharmacy.22, 25-27
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