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Occupational exposure to cytotoxic drugs has frequently been reported during recent years.
Various drug-handling systems have been applied to reduce the spill and leakage that cause this
exposure. Some of these systems have also been tested for spill and leakage using independent
test methods. In this paper, a new drug-handling system has been tested for spill and leakage
during drug preparation. The handling system, Tevadaptor�, was tested using a modification
of an independent test method, the Technetium test method, based on the use of Technetium
m-99 as tracer substance. The test results showed that the spill was <100 nl for all 75 prepara-
tions and was <1 nl for 70 of the preparations. This is comparable with other tested drug-
handling system, e.g. isolators, PhaSeal�. The test shows that the Tevadaptor drug-handling
system has similar performance as drug-handling systems regarded as closed systems.
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INTRODUCTION

Cytotoxic drugs are biological active compounds that
may give undesired health effects upon exposure.
Consequently, in most countries there are regulations
for handling cytotoxic drugs. However, despite han-
dling regulations, numerous studies have shown that
medical staff handling cytotoxic drugs may be ex-
posed to these drugs (Nygren and Lundgren, 1997;
DesRoches, 2003; Turci et al., 2003). Various sys-
tems have been developed for safe drug handling in
order to reduce the exposure (Donner, 1978; Cazin
and Gosselin, 1999; Sessink et al., 1999; Connor
et al., 2002; Nygren et al., 2002). Some of these sys-
tems use a particle filter to clean air going in or out of
the system during preparation (Nygren et al., 2002).
Other systems are physically closed with an expan-
sion enclosure to handle air pressure differences dur-
ing preparation (Sessink et al., 1999; Connor et al.,
2002; Nygren et al., 2002). In yet other systems,
the preparation is carried out in a horizontal laminar
air flow hood (Donner, 1978), or the preparation is
carried out in a confined compartment with separate
ventilation with positive or negative pressure (Cazin
and Gosselin, 1999). These latter devices are called

isolators and are equipped with a sealed half suit
(a hood, jacket and gloves in one piece) and/or with
sleeves with fixed gloves. The isolator has a separate
ventilated pass-through compartment (a sluice) for
entering and exiting goods. Several of these systems
have been tested using independent methods and
shown to give reduced spill and leakage and thus
minimize possible exposure.

In this paper, the results from a test of a newly de-
veloped drug-handling system are presented. The
system is based on a double-filter technology that
cleans air passing the filter system in both directions
from particles and vapours. The test was carried out
utilizing an independent method developed for test-
ing spill and leakage from drug-handling systems
(Nygren et al., 2005).

METHODS

Drug preparation system

The tested system is manufactured by Teva Phar-
maceutical Industries Ltd (Israel) and is called Teva-
daptor�. The Tevadaptor unit comprises two parts:
one part is fixed on the syringe and one part on the
drug vial (see Fig. 1). The two parts are connected
by pressing the parts together until a snap lock con-
nects and locks the coupling. In this position, there
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is an open connection between the syringe and the
vial. Liquid can then be transferred from or to the
syringe and the air pressure in the vial is equalized
by air moving in or out of the system through a port
with a double-filter seal with one high efficiency par-
ticulate air filter that collects aerosols and one char-
coal filter that captures vaporous compounds. This
double-filter seal is expected both to prevent contam-
ination of the drug from compounds entering the vial
from the outside and to prevent drug compound be-
ing expelled from the vial and contaminate the envi-
ronment on the outside of the vial.

Test procedure and materials

A slight modification of the Technetium test
method developed by Nygren et al. (2005) was used
in this test. Test vials (10 ml) were spiked with 1 ml
Technetium m-99 (99mTc) as sodium pertechnetate in
saline and sealed with septum stoppers at the Univer-
sity Hospital of Northern Sweden. 99mTc emits pho-
tons with an energy of 140 keV and has a half-life of
6 h. The initial activity in the vials (�10 to 100 MBq)
was measured. Eight pharmacists at the Hospital
Pharmacy with various experience of drug prepara-
tion in biological safety cabinet (BSC) participated
in this test. They made, all together, 75 test prepara-
tions using the Tevadaptor drug preparation system.
The preparations were carried out in a BSC at the
Department of Nuclear Medicine of the University
Hospital of Northern Sweden. In the test preparation
procedure, 9 ml saline was added to a vial, spiked
with 99mTc, using a disposal syringe and the Teva-

daptor system, followed by mixing and withdrawal
of 6 ml solution back to the syringe. The syringe
was then disconnected from the vial and connected
to an infusion bag using a connection device for
the Tevadaptor and the content was injected into
the bag. After the injection, the syringe was discon-
nected from the infusion bag. Bench covers (45 �
75 Foliodrape, Hartmann, Heidenheim, Germany)
were cut into two equally sized parts (450 � 375
mm) and one of these parts was used for each
preparation. The test persons used one pair of disposal
gloves for each preparation. The bench cover and the
gloves were collected after each preparation and
placed together in a screw-capped scintillation jar.

The activity in the samples was measured at the
Department of Radio Physics, University Hospital
of Northern Sweden. The samples were taken to
the measurement laboratory immediately after the
samples had been collected. Due to the short half-life
of 99mTc, it is important to begin the measurements
as soon as possible after the samples have been col-
lected to obtain and maintain a low detection limit.
The measurements began within 1 h after the sam-
pling was completed. A Ø 3$ � 2$ NaI(Tl) scintilla-
tion detector (Saint-Gobain, Paris, France) connected
to a personal computer equipped with a multichannel
analyser (Ortec, Oak Ridge, TN, USA) was used to
measure the activity. A measuring cell was made
by building an enclosed compartment using lead
bars. The activity in the samples was measured for
120 s. The blank activity was measured for at least
1000 s (to obtain stable values due to the low level

Fig. 1. Cross-cut of the Tevadaptor� system. Left picture is the part that is attached to the vial with the
following: (1) ToxiGuard� active carbon filter, (2) hydrophobic filter (0.2 lm), (3) air path and (4) liquid path.

Right picture is the part that is attached to the syringe.
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of the background radiation). The blanks consisted of
an unused bench cover and pair of gloves in the same
type of jar as the samples. The detector was cali-
brated using a known activity amount of 99mTc mea-
sured in the same geometry. All calculations were
made using spreadsheet software (MS Excel) on a per-
sonal computer. The detection limit for this method is
2 Bq defined as three standard deviations of the back-
ground. This corresponds to �0.5 nl. However, con-
sidering uncertainties due to possible variations in
the geometry of a sample for which there is no activity
detected, the detection limit was set to 1 nl.

RESULTS AND DISCUSSION

Table 1 shows the results of the test. Since the test
comprised 75 preparations, seven of the test persons
performed 10 preparations, while the eighth test
person only performed 5 preparations. In the sam-
ples from two preparations, the spill was found to
be .10 nl and between 5 and 10 nl in the samples
from three other preparations. For the remaining
70 preparations, the spill was found to be ,1 nl
for each preparation. The median, average
(–standard deviation) and total spill from all 75
preparations were ,1 nl, 1.6 (–6.5) nl and 122.1 nl,
respectively. In these statistical calculations, half
the detection limit (0.5 nl) was used for all values be-
low the detection limit (Miller and Miller, 1986). The
highest spill during a single preparation was 53.8 nl.
No visible spill was discovered during the 75 test
preparations.

A similar study with other drug preparation sys-
tems has been published (Nygren et al., 2002). Each
of 10 subjects performed six similar preparations as
in this study and the spill on bench cover and gloves
from each preparation was measured. Using an open
system (milking technique), the average spill for all
test subjects was 56 ll as compared with the closed
system (PhaSeal�) showing an average leakage for
all test subjects of 9 nl, which is similar to the aver-
age level of spill that occurred with the Tevadaptor.

Isolators are another example of closed systems
used for drug preparations (Cazin and Gosselin,

1999). They are frequently used in France and the
UK. An isolator is an enclosed compartment venti-
lated by positive air pressure with filtered air without
recirculation. An isolator has a pass-through cham-
ber with separate ventilation for cleaning and steriliz-
ing goods to be entered or exited the isolator. A test
with isolators showed spill of cyclophosphamide
(CP) from below detection limit to 6.55 ng cm�2 in-
side the isolator and from below the detection limit to
0.22 ng cm�2 outside of the isolator (Crauste-Man-
ciet et al., 2005). Assuming that the CP concentration
in the spill liquid corresponds to a concentrated dis-
solved drug, e.g. a 500-mg CP vial dissolved with 10
ml of saline, this will give a concentration of 50 mg
cm�3. Recalculating the result with this assumption
to spill volumes will give at hand a maximum spill
volume of ,1 nl, which is slightly lower or in the
similar range as the spill volumes obtained with other
closed systems (Sessink et al., 1999; Nygren et al.,
2002) and the Tevadaptor in this test.

The Swedish Pharmacy (Apoteket AB) Internal
Quality Manual prescribes a limit value of 100 nl
for total spill volume on bench cover and gloves
for one preparation. Internal tests have shown that
a level of spill ,10 nl can be regularly achieved dur-
ing normal routine preparations. The Swedish Work
Health Authority has in their ordinance on handl-
ing cytotoxic drugs (Work Health Authority, 2005)
prescribed the precautionary principle, i.e. these
drugs can cause sever health effects and the expo-
sure should therefore be kept as low as possible,
and a maximum allowed spill level of 1 nl cm�2 is
recommended.

The tested system in this paper cannot physically
be regarded as a closed system according to the Na-
tional Institute for Occupational Safety and Health
definition of closed system (NIOSH, 2004) since
air can pass in and out of the system during prepara-
tion. When the system was used as recommended by
the manufacturer, the double-filter system, however,
showed similar aerosol and particle capturing perfor-
mance as other tested closed systems, e.g. isolators
and the closed system PhaSeal. The capturing ca-
pacity for vapours was not tested since m99Tc is not

Table 1. Measured spill during drug preparation using the Tevadaptor

Subject no. Preparations/measured spill (nl)

1 2 3 4 5 6 7 8 9 10

1 ,1 ,1 ,1 ,1 ,1 ,1 ,1 ,1 ,1 ,1

2 ,1 ,1 ,1 ,1 ,1 ,1 ,1 ,1 ,1 1.3

3 ,1 ,1 ,1 ,1 5.5 ,1 ,1 ,1 ,1 ,1

4 ,1 ,1 ,1 16.6 ,1 ,1 ,1 ,1 ,1 ,1

5 ,1 ,1 ,1 ,1 ,1 ,1 ,1 ,1 ,1 ,1

6 ,1 ,1 ,1 ,1 ,1 ,1 ,1 ,1 ,1 ,1

7 ,1 ,1 ,1 ,1 ,1 ,1 ,1 ,1 53.8 ,1

8 ,1 ,1 ,1 9.9 ,1
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volatile. A test with a volatile organic compound is
recommended to test the Tevadaptor system for cap-
turing vapours. Moreover, in this test, only normal
handling of the system was tested. No handling
mistakes occurred or products with manufacturing
defects were used. Consequently, this test do not in-
clude possible spill that can be caused by erroneous
handling of the system or use of defect products.
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