Journal of

Oncolo
PharmaZg

Original Article Practice

J Oncol Pharm Practice

0(0) 1-6

© The Author(s) 2013

Reprints and permissions:
sagepub.co.uk/journalsPermissions.nav
DOI: 10.1177/1078155212468367
opp.sagepub.com

®SAGE

Use of a closed system drug-transfer
device eliminates surface contamination
with antineoplastic agents

Bernadette A Clark
Oncology, Cleveland Clinic Cancer Center, Fairview Hospital, OH, USA

Paul JM Sessink

Exposure Control Sweden AB, Bohus-Bjérkd, Sweden

Abstract

Purpose: To evaluate the effectiveness of a closed system drug-transfer device, EquaShield®, at reducing surface con-
tamination with antineoplastic agents throughout an ambulatory cancer chemotherapy infusion center.

Methods: Surfaces throughout the cancer center were sampled three times. The first samples were obtained in June
2010 without prior cleaning to measure baseline levels of contamination of the current technique (Chemo Dispensing
Pin, B. Braun Medical Inc.). The second samples were obtained in August 2010 after the implementation of the closed
system drug-transfer device and cleaning to evaluate if the contamination was removed. The third samples were obtained
in August 201 1. Wipe samples were taken from five positions in the pharmacy and from five positions in the infusion
suite. Wipe samples were also collected from two positions in office areas. Samples were analyzed for cyclophosphamide
and 5-fluorouracil.

Results: The results from the first two sets of samples showed contamination with cyclophosphamide on about half of
the positions at all locations during both collection periods. However, levels of contamination were very low and mostly
just above the detection limit of the analytical method. The highest level of contamination was found on the door and
handle in the pharmacy. Contamination with 5-fluorouracil was only observed on the dispensing counter in the pharmacy
during the second collection period. The results from the third and final collection period showed no contamination with
cyclophosphamide or 5-fluorouracil in the pharmacy, the infusion suite or in offices of the cancer center.
Conclusion: Implementation of the closed system drug-transfer device for preparing and administering chemotherapy
eliminated surface contamination with cytotoxic agents at the ambulatory cancer chemotherapy infusion center.
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Background

Harmful effects from workplace exposure to antineo-
plastic agents were first described in the 1970s.! Noted
risks of handling these agents by nurses and other
healthcare personnel include damage to DNA, infertil-
ity and a possible increased risk of cancer.>®

The use of personal protective equipment (PPE)
when handling chemotherapy has been recommended
by The Occupational Safety and Health Administration
(OSHA) since 1986.° Pharmacists, pharmacy techni-
cians and nurses risk exposure to antineoplastic

agents when preparing and administering these drugs.
Many studies have documented surface contamination
with these agents in healthcare institutions'®'* and a
recent study noted that doxorubicin can penetrate
nitrile gloves."> Additionally, hazardous drugs have
been found in the urine of healthcare workers who
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prepare or administer chemotherapy.''!*!® PPE is ZE'
therefore used during preparation and administration T
in order to reduce exposure during these times. 2 Qloocnoooooonoooanan
. . . . nwZ|Z2 22 2Z22Z 2Z2Z ZZZZZ
Prior studies have shown surface contamination out-
side of the biological safety cabinet.'®'* Healthcare
workers are likely to come in contact with contami- = E
nated surfaces when not wearing PPE. Minimizing % %E,o
environmental contamination with antineoplastic E Sl_ A o © o <« ©
agents is imperative to protect workers from the harm- 3 glggsEggsgEgaee s
ful effects of these agents. S
Closed system drug-transfer devices (CSTD) can e
reduce exposure of health care workers to harmful ‘s g
agent's. Numerou§ reports have been publish'ed that S §log < 2 ® L Ly yx L
describe the effectiveness of CSTDs at decreasing sur- 2
face contamination and exposure of healthcare person- f«g
nel after implementation of the devices.'>'*'¢2! The © =
National Institute for Occupational Safety and Health 2 | & T
(NIOSH)?? and The United States Pharmacopeia’scur- | 2o Q|2 208 foo0os=s25% 0
rent USP 797%% standards recommend the use of § V2|2 -c022c0c020c2
CSTDs when preparing and administering chemother- 3
apy in addition to the use of PPE. "Cé g -
Several CSTDs are marketed for use with cytotoxic o | 2 E
agents. A recently published study of 22 United States § _9 T
hospitals noted that surface contamination was reduced £ 5% 833333333 IIS
significantly after the implementation of a well-known >
CSTD.'* However, the CSTD product used in this “§
study has yet to be evaluated in the workplace setting. s <<g
Testing of surfaces in the workplace for contamination 2 S
after 1‘rr'1plement1ng the CSTD is important to validate el § 6 O O 6 ininin T O n O in
the utility of the product. TSI RIARIIITTFTRIRS
Testing for surface contamination with cytostatic \g <ol =« -
agents in the cancer center was completed for two rea- 8
sons. An evaluation of the effectiveness of the standard 3 o g o
method for preparing (Chemo Dispensing Pin, 5 S| @ & g o 5 £ %
B. Braun Medical Inc.) and administering chemother- & § 5 £ 22 S Z 2 g
apy was necessary. The second reason was to evaluate i 2 S g g T _%0 5 E % S 3
whether the CSTD would decrease the level of surface % ’%_ %o g g' § % § K é S § "q;) T
contamination at various locations within the cancer 15 5 g 2570 EL(; e 5 g £ E g
center 1 year after implementation. 3 ClB882E88L84222538 =
This study was conducted at an ambulatory cancer £ ®
chemotherapy infusion center that is part of a large g 0
health-system in the Midwest of the United States. = cee2222222222)>5
o K o X X R o ©O O 00000000 o Oo|k
Wlthln the center is a 21-9ha1r infusion suite with a 5 ‘: ‘;‘ ‘: ‘;‘ ‘: ‘: ‘: ‘: ‘: ‘: ‘: ‘;‘ =
dedicated pharmacy preparing the chemotherapy prod- S g12=222222322232223/0
ucts to be administered in the infusion suite. The cancer &' | O AAAAARIIIAIRARIL|Z
center has approximately 16,500 chemotherapy visits 7 £
per year. b= 0 0 0 0 O S
At the cancer center, the pharmacy technicians pre- _&E_ g o s s s e § § § § § %
pare all doses of chemotherapy under the supervision of g § E ?Eé E é ?é v 0o 555559y
the pharmacist. Pharmacy staffing consisted of two full- '§ § 5555 5 ¢ & 5 g 5 g 5 e
time pharmacists and two full-time certified pharmacy g Qlzaaaa O0O0EEEEEZ=|2
technicians. An estimated 450 g of cyclophosphamide U 8
and 2600g of 5-fluorouracil are prepared each year. ; o §
The pharmacy has one biological safety cabinet for % £ .DC.
the preparation of all medication doses. The biological FISS8l«cmVUOwuwOIT_ v |z
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Table 2. Cyclophosphamide (CP) and 5-fluorouracil (5FU) in wipe samples after implementation of the CSTD and after cleaning (start test period).

Total

Area

CP (ng/mL
NaOH)

volume

surface
(ecm?)

Sample
code

5FU (ng/cm?)

5FU (ng)

5FU (ng/mL NaOH)

CP (ng/cm?)

NaOH (mL) CP (ng)

Description surface

Date

Department

0.40
n/a
n/a
n/a
n/a
n/a
n/a
n/a
n/a
n/a
n/a
n/a

994
n/a
n/a
n/a
n/a
n/a
n/a
n/a
n/a
n/a
n/a
n/a

6.21
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND

n/a
0.0l
0.09
n/a
0.04
0.04
n/a
n/a
0.04
n/a
0.05
0.07

n/a
18
234
n/a
26
22
n/a
n/a
34
n/a
59
42

ND

0.11
1.46
ND
0.16
0.14
ND
ND
0.21
ND
0.37
0.26

O © © Vv un N < O 11 O un
S — O wvwaAaadANT®M®ANDS A
N N N O 0 1N O WV N O
N — -

3

54 [0}

1] Pl

[ c v
d v 8 0 3 5 ~
P=2R ) = O ]
cC c w08 g Z o ©
BBCC - 5

O=” o & ¢ g 9

UuC+E° = %St"
W o g T B ayS 0 o &
5 = 2 0 3 5w e T U
cE 9 0 0wv g E n v g
T L« U 2 w = a & €
Q-mO:EmQ--QOS-ND
2 9 0 0 0 P X 035 < O
NOTCITUVUNaadT ZO0U
O OO0 o0 o0o0oo0oo oo oo
O 0O 0O 0000 OO0 O o o
N A AANAANAASQA
O bO bO DO bO BO DO bO O bO Lo bO
> 5 S5 S S 3 3 3 S S S S
A CACACCECCECICIC
0N OO ON 0O WN WV ONN O
————— NN NN
0 9 0 WU O
2 e g g ¢
>3 3 3 3 3
>N O>N >N >N >~ w o u o unu u un
8 8 8 & o c c c c c
E £E E E E 0o o O 0 0 0 O
EEEsEe g 535353
aaxaraaonOO0c£L < < £ <
N NA N~ S N
<o OO0 wwOIdAYVY

ND: not detected: (CP < 0.10 ng/ml NaOH; 5FU < 5 ng/ml NaOH).

safety cabinet is a Class IT Type A/B3 and has been in
use for 10 years.

Materials and methods

Twelve locations were chosen to be tested for environ-
mental contamination with the cytostatic drugs cyclo-
phosphamide and 5-fluorouracil. The twelve locations
included five within the pharmacy, five in the infusion
suite area and two in office spaces. The areas tested
remained identical throughout the study, with the
exception of the automated drug distribution station
which was replaced in the first quarter of 2011.
Testing sites were determined, measured and the area
of each was calculated in square centimeters.

The wipe samples were taken three times. The first
samples were obtained on 25 June 2010, the second
samples were obtained over the period between 18
and 27 August 2010, and the third samples were
obtained on 19 August 2011. All samples were collected
by the lead pharmacist at the cancer center. The first
samples were collected in June 2010 without prior
cleaning to measure the baseline levels of contamin-
ation that was occurring with use of the containment
technique being used at the time. Implementation of the
CSTD occurred concurrently in the pharmacy and
the infusion suite in July 2010. Time was allotted for
the pharmacy technicians and the nurses to adjust to
using the new devices. The pharmacy, infusion suite
and offices were cleaned using wipes that contained
sodium hypochlorite 0.55% solution. The cleaning
was done by a pharmacist and pharmacy technician.
The second samples were collected in August 2010
after the implementation of the new devices and the
sodium hypochlorite cleaning technique to determine
whether the contamination was fully removed. The
third samples were collected in August 2011, approxi-
mately 1 year after implementation of the devices.

The EquaShield® system®* uses a double membrane
for drug transfers to ensure dry connections. The
unique syringe is airtight and contains two chambers,
the distal chamber for air and the proximal for liquid.
Likewise, the connector has two needles to allow for air
and liquid exchange. The air contained behind the
plunger of the syringe (distal) is transferred into the
drug vial when liquid drug is withdrawn into the syr-
inge (proximal).

The wipe samples were taken using Cyto Wipe Kits
(Exposure Control Sweden AB). To collect test sam-
ples, an aliquot of 0.03 M sodium hydroxide solution
from the Cyto Wipe Kits was applied to each target
area and wiped off twice with dry tissue paper. The
tissue paper was then placed in a plastic container
with a screw cap and immediately frozen and stored.
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Table 3. Cyclophosphamide (CP) and 5-fluorouracil (5FU) in wipe samples one year after implementation of the CSTD.

Total
Area volume

Sample surface NaOH CP (ng/mL 5FU (ng/mL
code Department Date Description surface (cm?) (mL) NaOH) NaOH)
A Pharmacy 19 Aug 201 | Dispensing counter 2500 160 ND ND

B Pharmacy 19 Aug 201 | Desk/filing cabinet 1710 160 ND ND

C Pharmacy 19 Aug 201 | Floor dispensing area 2500 160 ND ND

D Pharmacy 19 Aug 201 | Half door + handle 756 160 ND ND

E Pharmacy 19 Aug 2011 Compounding counter 625 160 ND ND

F Office 19 Aug 201 | Desk Support Nurse 625 160 ND ND

G Office 19 Aug 2011 Prep desk 625 160 ND ND

H Infusion suite 19 Aug 2011 Pyxis machine 480 160 ND ND

| Infusion suite 19 Aug 2011 Floor 930 160 ND ND

J Infusion suite 19 Aug 2011 Nurses desk 625 160 ND ND

K Infusion suite 19 Aug 2011 Chair side table 1200 160 ND ND

L Infusion suite 19 Aug 2011 Counter fast track 625 160 ND ND

ND: not detected: (CP < 0.10 ng/ml NaOH; 5FU < 5 ng/ml NaOH).

The samples were analysed on a gas chromato-
graphy-tandem mass spectrometry method system.
Specificity and sensitivity are increased using gas chro-
matography-tandem mass spectrometry method instead
of gas chromatography/mass spectroscopy.>>:*
The analysis of S5-fluorouracil was performed on a
high-performance liquid chromatography system with
ultraviolet detection.'®!

Results

Thirty-six samples were collected throughout the study.
The results of the analysis of the wipe samples are pre-
sented in the Tables 1-3. The contamination per square
centimeter is calculated assuming a 100% recovery and
wipe efficiency. Thus, all results are underestimates.
The detection limits for the analysis of cyclophospha-
mide and 5-fluorouracil were 0.10 and 5ng/mL sodium
hydroxide, respectively.

The results from the first two sets show contamin-
ation with cyclophosphamide on about half of the pos-
itions in all departments during both collection periods
(Tables 1 and 2). However, levels of contamination
were very low and mostly just above the detection
limit of the analytical method. The highest level of con-
tamination was found on the door and handle in
the pharmacy. Contamination was found in one of
the office spaces upon the second collection.
Contamination with 5-fluorouracil was only observed
on the dispensing counter in the pharmacy during
the second collection period. The results from the
final collection period show no contamination with

cyclophosphamide or 5-fluorouracil in the pharmacy,
infusion suite or offices of the cancer center.

Discussion and conclusion

Exposure to antineoplastic agents is harmful to health-
care workers. Surfaces that are contaminated are
touched when healthcare personnel are not using
PPE. Sampling of the biological safety cabinet was
not done in this study. The outside of vials being used
during compounding may be contaminated with cyto-
toxic agents.”” Our goal was not to show that contam-
ination exists inside the biological safety cabinet but
rather to determine whether common areas were more
likely to cause exposure, if contaminated, of healthcare
personnel.

The initial sampling results showed environmental
contamination with cyclophosphamide in several
departments. However, the level of contamination
was very low compared with historical data.'?
Contamination with 5-fluorouracil was only observed
at one position. This is probably caused by a higher
detection limit for the analysis of 5-fluorouracil com-
pared to cyclophosphamide.

Sodium hypochlorite-containing wipes were used to
clean surfaces prior to the second sampling. This is not
ideal, as bleach is not effective at removing all antineo-
plastic agents and the concentration of the wipes was
low. However, this is the generally accepted cleaning
practice at this institution. It was essential to determine
that the CSTD would reduce surface contamination
given the chosen cleaning process.
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Other studies have shown environmental contamin-
ation with cytostatic drugs in pharmacies and adminis-
tration areas.'®'? The initial results of this study
showed very low levels of contamination with cyclo-
phosphamide and 5-fluorouracil compared to the refer-
ence data.

The final sampling results, one year after the imple-
mentation of the closed-system transfer devices, showed
an environment free of contamination from cyclophos-
phamide and 5-fluorouracil.

At our practice site, nurses must enter the pharmacy
to retrieve prepared chemotherapy products for patient
administration. The door and handle are touched
repeatedly by all personnel, pharmacy and nursing,
while not garbed in PPE. Finding the highest level of
contamination on this surface was not surprising, but it
was confirmation that PPE alone cannot protect health-
care workers from antineoplastic agent exposure.

One of the samples from an office was from a desk of
a physician’s support nurse. The employee did not
administer chemotherapy nor did the staff member
work in the infusion suite. Finding contamination
with cyclophosphamide at this location demonstrated
that surface contamination could spread throughout a
building.

The years of experience and expertise of the phar-
macy technicians (a combined 21 years of experience
for two technicians) at compounding antineoplastic
agents may have been a reason for the low level of
contamination initially. In addition, the expertise of
the infusion suite nurses (each averaging twenty years
of experience) likely contributed to this observed low
level of contamination.

Implementation of the closed-system transfer devices
for preparing and administering chemotherapy elimi-
nated surface contamination with cytotoxic agents at
the ambulatory cancer chemotherapy infusion center.

The NIOSH?*® and United States Pharmacopeia’s
current USP 797 standards only recommend the use
of CSTDs when preparing and administering chemo-
therapy. A “‘safe” level of exposure to antineoplastic
agents by healthcare workers is unknown. Based on
the positive findings that CSTDs can eliminate surface
contamination with antineoplastic agents, guidelines
should be adapted to require their use.
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