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Purpose. Infusion of cytotoxic drugs carries the risk of occupational 
exposure of healthcare workers. Since disconnecting an infusion line is 
a source of contamination, flushing of tubing after infusion of cytotoxic 
agents is recommended, but the optimal volume of rinsing solution is un-
known. The objective of this study was to assess whether postinfusion line 
flushing completely eliminates cytotoxics.

Methods. Infusions were simulated with 3 cytotoxics (gemcitabine, 
cytarabine, and paclitaxel) diluted in 5% dextrose injection or 0.9% so-
dium chloride injection in 250-mL infusion bags. Infusion lines were flushed 
using 5% dextrose injection or 0.9% sodium chloride solution at 2 different 
flow rates. The remaining concentration of cytotoxics in the infusion line 
was measured by a validated high-performance liquid chromatography 
(HPLC) method after passage of every 10 mL of flushing volume until a 
total of 100 mL had been flushed through.

Results. All cytotoxics remained detectable even after line flushing with 
80 mL of flushing solution (a volume 3-fold greater than the dead space 
volume within the infusion set). Gemcitabine and cytarabine were still 
quantifiable via HPLC even after flushing with 100 mL of solution. Efficacy 
of flushing was influenced by the lipophilicity of drugs but not by either 
the flushing solvent used or the flushing flow rate. After 2-fold dead space 
volume flushing, the estimated amount of drug remaining in the infusion 
set was within 0.19% to 0.56% of the prescribed dose for all 3 cytotoxics 
evaluated.

Conclusion. Complete elimination of cytotoxics from an infusion line is 
an unrealistic objective. Two-fold dead space volume flushing could be 
considered optimal in terms of administered dose but not from an envi-
ronmental contamination point of view. Even when flushed, the infusion set 
should still be considered a source of cytotoxic contamination.

Keywords:  cytotoxics, drug delivery system, environmental contamina-
tion, high-performance liquid chromatography, infusion, flushing
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Despite the development of a growing 
number of targeted therapies over 

the last 2 decades,1 cytotoxic anticancer 
drugs remain the gold standard treat-
ment for many malignancies, such as 
breast,2 lung,3 and gynecological can-
cers4 and leukemia.5 However, since 
their mode of action leads to DNA 
damage, many of these drugs are 
known to have carcinogenic, muta-
genic, teratogenic, or organ-toxic ef-
fects on humans. Exposure to cytotoxics 
therefore carries the risk of inducing 

cancer or reproductive toxicity, re-
sulting in these drugs being classified 
as hazardous drugs.6 It has been shown 
that healthcare workers who prepare 
and administer antineoplastic drugs 
are themselves exposed to cytotoxics. 
Indeed, surface contamination has 
been found in pharmacy departments7,8 
as well as in oncology wards,9,10 with 
cytotoxics identified in the urine of 
pharmacy staff and nurses.9,11,12 Well-
known sources of environmental chem-
ical contamination have also been 
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identified in the compounding setting, 
including external contamination of 
vials13 and aerosolization of powder 
or liquid during handling.14 Many of 
nurses’ infusion-related tasks (eg, con-
necting, priming, and disconnecting 
infusion lines) also pose a risk of occu-
pational contamination.15

Even though the correlation be-
tween dose exposure and adverse 
events is not well established,16 precau-
tionary principles and guidelines must 
be applied in order to adopt practices 
that minimize contamination leading 
to occupational exposure. Wearing 
personal protective equipment such 
as gowns and gloves is one way to 
control exposure; a second is to limit 
surface contamination. The level of 
nurses’ exposure during administra-
tion can be decreased by having phar-
macy staff connect and prime infusion 
lines using a biological safety cabinet 
or a compounding aseptic contain-
ment isolator.17 The US Pharmacopeial 
Convention states that closed-system 
drug-transfer devices (CSTDs) must be 
used for administering antineoplastic 
drugs when the dosage form makes 
it possible to do so.18 CSTDs allow for 
leak-free connection and disconnec-
tion. During disconnection, the risk 
of direct contact may be decreased 
by thoroughly flushing tubing with a 
nontoxic solution.19 However, there 
is currently no recommendation re-
garding the amount of flushing solu-
tion necessary to completely eliminate 
medication in the infusion set and 
achieve safe drug-free disconnection. 
A study by Kontny et al20 found that no 
drug remained in the line after 2-fold 
dead space volume flushing of the in-
fusion set (ie, flushing with a volume 
of solution double that of the dead 
space within the infusion set). A study 
by Simon et  al21 showed that a greater 
volume was necessary for complete 
rinsing. This discrepancy may be ex-
plained by the fact that these 2 studies 
were performed with different drugs.

The main objective of the study de-
scribed here was to determine whether 
flushing after infusion results in com-
plete cleaning of the tubing (ie, Does 

flushing lead to an undetectable con-
centration of an infused cytotoxic?). 
Since flushing is also a way to avoid 
losing medication in the tubing, a sec-
ondary objective was to assess whether 
flushing results in administration of the 
full prescribed dose (ie, less than 1% of 
the dose is lost in the tubing). Factors 
possibly responsible for the variation 
in flushing effectiveness, such as drug 
lipophilicity, the nature of the rinsing 
solution, and the rinsing rate, were also 
assessed.

Materials and methods

Infusion bag preparation and 
infusion simulation.  Three drugs 
were selected on the basis of their re-
spective octanol-water partition coeffi-
cient (logP) values (ie, their lipophilicity 
or hydrophilicity); the higher the drug 
concentration that is soluble in octanol, 
the higher the logP and, thus, the more 
lipophilic the molecule. The drugs were 
cytarabine (logP of –2.20), gemcitabine 

(logP of 0.76), and paclitaxel (logP of 
3.00). Infusion bags were prepared 
by diluting each of the 3 drugs in 250-
mL bags of, respectively, 0.9% sodium 
chloride injection and 5% dextrose in-
jection. The dose of cytotoxics was fixed 
at the third quartile of doses observed 
in our current practice (ie, 2,300, 1,900, 
and 152 mg, respectively, for cytarabine, 
gemcitabine, and paclitaxel). Paclitaxel 
was purchased from Fresenius Kabi 
(Bad Homburg, Germany); gemcita-
bine and cytarabine were purchased 
from Sandoz Pharmaceuticals (Basel, 
Switzerland). All dilutions were made 
in non–polyvinyl chloride (PVC) bagsa 
containing 250  mL of 5% dextrose in-
jection and 250  mL of 0.9% sodium 
chloride injection. Three infusion bags 
were prepared for each combination of 
drug and diluting solvent.

A bifuse intravenous connectorb was 
connected to a cytotoxic-containing in-
fusion bag and to a bag of flushing solu-
tion (containing the same solvent used 
to dilute the cytotoxic). The infusion 
line was plugged in to an intravenous 
connector, then purged and primed 
with flushing solution before starting 
the infusion simulation. Assembly of 
the infusion bag, flushing solution, and 
infusion set is illustrated in Figure 1.

The infusion lines used in the study 
were those most routinely used and 
were compatible with the infusion 
pump. According to routine practice, 
the infusion line used for cytarabine 
and gemcitabine was PVC tubingc; and 
for paclitaxel, PVC-free tubing with a 
0.2-µm filter.d An 18-gauge cathetere 
was added at the end of the infusion 
line. The combination of intravenous 
connector and infusion line was desig-
nated as the infusion set.

Flushing conditions and sample 
collection. Infusions were simulated 
using an infusion pumpf set to a flow 
rate of 500  mL/h (routinely used for 
a 250-mL infusion over 30 minutes). 
A sample of solution was collected be-
fore infusion to measure the initial con-
centration. Following the infusions, sets 
were flushed with 100  mL of solvent. 
Two flushing flow rates were tested: the 
same rate used for infusion (500 mL/h) 

KEY POINTS
 ● Disconnecting an infusion 

line after administration of 
cytotoxic drugs involves 
possible contamination risk for 
healthcare workers; flushing 
the tubing after infusion de-
creases the amount of cyto-
toxic drug remaining.

 ● In an infusion simulation study, 
flushing with a volume of solu-
tion 3-fold greater than the in-
fusion set dead space volume 
did not result in complete 
cleaning of the tubing; 2-fold 
dead space volume flushing 
allowed for infusion of >99% 
of the prepared dose.

 ● The use of a closed-system 
drug-transfer device for 
disconnecting infusion lines 
should be assessed as a 
means of limiting occupational 
exposure.
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and an accelerated rate (1,000  mL/h). 
A 1-mL sample was collected at the end 
of the tubing before flushing and then 
after every 10-mL increment of solvent 
flushing until a total of 100  mL was 
flushed through. All samples were col-
lected in duplicate to measure cytotoxic 
drug concentrations.

Chromatography equipment  
and conditions. The high-perfor-
mance liquid chromatography (HPLC) 
equipment used consisted of a 
degasser, an autosampler, a quaternary 
pump, and a column heater.g Detection 
was carried out using a diode array 
variable wavelength UV detectorh at 
several fixed wavelengths: 280, 275, and 
233  nm, respectively, for cytarabine, 
gemcitabine, and paclitaxel. Data were 
collected and analyzed using chroma-
tography software.i

Aqueous solutions were prepared 
using ultrapure water.j HPLC-grade 
acetonitrile (ACN)k and HPLC-grade 
trifluoracetic acid (TFA)l were used to 
construct the mobile phases.

The analytical column,m with 5.0-
μm particle size, was maintained at a 
temperature of 25°C for all analyses. 
Mobile phase A was 0.1% TFA in water 
(pH adjusted to 2.1); mobile phase B 
was ACN. Volume ratios for mobile 
phases A  and B were as follows: 95:5 
for cytarabine, 90:10 for gemcitabine, 
and 50:50 for paclitaxel. The volume of 
injection was 20  µL, with elution per-
formed in an isocratic mode at a flow 
rate of 0.5 mL/min.

The paclitaxel, gemcitabine, and 
cytarabine dosing methods were val-
idated according to International 
Conference on Harmonization guide-
lines.22 Validation of the analytical 
method was based on the following cri-
teria: sensitivity (limit of quantification 
[LOQ] and limit of detection [LOD]), 
linearity, precision (relative standard 
deviation) and accuracy (deviation 
from nominal concentration).

LOD and LOQ were estimated from 
the signal-to-noise ratio and then cal-
culated with the standard deviation of 
the response (Sy) of the curve and the 
slope of the calibration curve (a). LOD 
was defined as the lowest amount of 
analyte detectable but not quantifiable, 
according to the following formula: 
LOD = 3(Sy/a). LOQ was defined as the 
lowest amount of analyte that could 
be determined with fixed accuracy, 
according to the following formula: 
LOQ = 10(Sy/a). The interday accuracy 
and precision of the method were de-
termined by assaying 6 replicates of 3 
different concentrations of quality con-
trol samples.

Evaluation of flushing efficacy.  
The relative remaining concentration 
(rr[c]) of cytotoxics after each flushing 
volume (expressed as a percentage of 
the initial concentration) was the main 
outcome for assessment of flushing ef-
ficacy. Since flushing is also a means 
to administer the full prescribed 
dose, the relative remaining amount 
(rrA) of cytotoxics in the infusion set 

(expressed as a percentage of the total 
initial amount in the infusion bag) was 
assessed as a secondary outcome. In 
so far as the concentration at the end 
of the infusion set was assumed to be 
the same throughout, the remaining 
amount was estimated at each flushing 
step as follows: rrA = (rr[c] × dead space 
volume)/full dose.

The measured dead space volume 
of the infusion set (infusion line plus 
Y connector) was 26  mL for both 
cytarabine and gemcitabine and 27 mL 
for paclitaxel. The rrA was assessed 
using 250-mL infusion bags.

Evaluation of factors influencing 
flushing efficacy and statistical 
analysis. The variability in flushing ef-
ficacy was assessed by determining rr(c) 
following the maximal flushing volume 
giving a measurable concentration (at 
least twice the LOQ) for all cytotoxics. 
The influence of the flushing solvent 
was assessed by comparing rr(c) 
values between infusion sets flushed 
with 5% dextrose injection and those 
flushed with sodium chloride injec-
tion using a Wilcoxon rank sum test. 
The influence of the flushing flow rate 
was assessed by comparing mean 
rr(c) values between infusion sets 
flushed at a flow rate of 500 mL/h and 
those flushed at a rate of 1,000  mL/h, 
also using a Wilcoxon test. The influ-
ence of lipophilicity was assessed by 
determining the correlation of logP 
and mean rr(c) via a Spearman cor-
relation test. All tests were considered 
statistically significant at a P value of 
<0.05. All descriptive and compara-
tive analyses were performed using R 
software (R Foundation for Statistical 
Computing, Vienna, Austria).

Results

Method validation.  Chromato-
graphic peaks were sharp and sym-
metric in conditions previously 
described. Elution was achieved at 
12.9 minutes for paclitaxel, 4.2 min-
utes for cytarabine, and 4.3 minutes 
for gemcitabine. There was no inter-
ference with noise from the signals for 
5% dextrose injection and 0.9% sodium 
chloride injection. Calculated values 

Figure 1. Assembly of infusion bag 
containing cytoxic (1), infusion bag 
containing flushing solution (2), in-
fusion set consisting of intravenous 
connector (3) and infusion line (4), and 
infusion pump (5) for simulated infu-
sion study.
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for range of linearity, LOQ, LOD, and 
intraday and interday precision and ac-
curacy are shown in Table 1.

The coefficient of determination (r2) 
was greater than 0.9996 for all drugs. 
Intraday accuracy and precision on 
standard-sample concentrations were 
less than 5% regardless of the drug as-
sayed. Interday accuracy and precision 
were also systematically lower than 5%. 
No matrix effect was found.

Efficacy of flushing.  Remaining 
concentrations of drugs after each step 
of flushing, expressed as raw concen-
trations and relative concentrations, 
are shown in Table 2. All cytotoxics re-
mained detectable even after an 80-mL 
flushing (with an approximately 3-fold 
dead space volume). Cytarabine and 
gemcitabine were still detectable and 
quantifiable after a 100-mL flushing, 
while paclitaxel was unquantifiable 
after flushing with 70 mL and undetect-
able after flushing with 90 mL.

The lowest quantifiable rr(c) values 
observed were 0.18% (95% confidence 
interval [CI], 0.10%-0.27%), 0.25% (95% 
CI, 0.13%-0.36%), and 1.7% (1.41%-
1.98%), respectively, for cytarabine, 
gemcitabine, and paclitaxel.

The rr(c) was less than 1% after 
flushing of a volume of 60  mL for 

cytarabine and a volume of 70  mL for 
gemcitabine. For paclitaxel, a flushing 
volume of at least 70 mL was needed for 
that value to fall below 1%, but the rr(c) 
was not quantifiable.

Estimated rrA values are shown in 
Table  2. After a 50-mL flush the esti-
mated rrA values ranged from 0.22% 
(95% CI, 0.19%-0.25%) to 0.50% (95% 
CI, 0.43%-0.56%) for a 250-mL infusion 
bag.

Factors influencing flushing 
efficacy.  Drug effect. As shown in 
Table  2, the rr(c) at a flushing volume 
of 50  mL was higher for paclitaxel 
(4.66% [95% CI, 4.07%-5.27%]) than for 
gemcitabine (2.62% [95% CI, 2.29%-
2.99%]) and for cytarabine (2.09% 
[95% CI, 1.78%-2.39%]). Spearman’s 
r between logP and rr(c) was 0.722  
(P < 0.001) after a 50-mL flush (Figure 2). 
The correlation was also found when 
considering each flushing solvent.

Solvent effect. As shown in Figure 2, 
no solvent effect was observed. Mean 
rr(c) values with a flushing volume of 
50 mL were, respectively, 3.28% for dex-
trose injection and 3.04% for 0.9% so-
dium chloride injection (P = 0.849).

Considering each drug separ-
ately, there was no solvent effect 
for cytarabine or for gemcitabine, 

whereas for paclitaxel the rr(c) was 
significantly (P = 0.013) higher with 
use of dextrose injection (5.7%) than 
with use of 0.9% sodium chloride 
injection (4.2%).

Flow rate effect. As shown in 
Figure 2, accelerating the flushing flow 
rate did not influence rr(c) values in 
general but did influence rr(c) values 
for paclitaxel. Mean rr(c) values after 
flushing with a volume of 50 mL were, 
respectively, 3.28% and 2.81 % at flow 
rates of 500  mL/h and 1,000  mL/h  
(P = 0.397).

No flow rate effect was observed for 
cytarabine or gemcitabine, whereas the 
rr(c) of paclitaxel was higher at a flow 
rate of 500 mL/h than that at a flow rate 
of 1,000 mL/h (5.2% vs 3.7%, P < 0.001).

Discussion

The study showed that despite 
at least 3-fold dead space volume 
flushing of infusion sets, concen-
trations of cytotoxics were still de-
tectable, indicating that complete 
elimination of cytotoxics is an unreal-
istic objective.

In a previous study performed with 
doxorubicin solution and trypan blue 
solution, Kontny et al20 found that drugs 
were totally eliminated from infusion 
lines after 2-fold dead space volume 
flushing. We found that even with use 
of greater flushing volumes, infusion 
lines were not completely drug free. 
This discrepancy could be explained by 
the low LOQ of the HPLC method used. 
Indeed, our LOQ values for cytarabine, 
gemcitabine, and paclitaxel were, re-
spectively, 0.16  µg/mL, 0.38  µg/mL, 
and 6.00  µg/mL, whereas Kontny et  al 
used UV spectroscopy with a higher 
LOQ (10 µg/mL and 5 µg/mL for doxo-
rubicin and trypan blue, respectively). 
Therefore, using a more highly sensi-
tive method, we were able to measure 
detectable remaining concentrations 
even at a very low level. The influence 
of the analytical method is illustrated 
by the findings for paclitaxel: Had 
the study been performed only with 
paclitaxel, given its higher LOD than 
cytarabine and gemcitabine, we would 
have concluded that the infusion line 

Table 1. Validation of HPLC Methods for Detection of Study Drugs

Parameter Cytarabine Gemcitabine Paclitaxel

Linearity

 Range, µg/mL 2–200 1–200 15–750

 r2 0.9998 0.9997 0.9999

Sensitivity, µg/mL

 LOD 0.052 0.093 1.600

 LOQ 0.160 0.380 6.000

Precision %, mean (range)

 Intraday 0.43 (0.00–0.69) 1.17 (0.71–1.63) 0.64 (0.40–0.88)

 Interday 2.05 (1.73–2.28) 1.41 (1.28–1.68) 2.15 (1.73–2.57)

Accuracy %, mean (range)

 Intraday –0.35 (–3.47 to 2.67) 0.75 (–1.02 to 2.61) 1.42 (–0.50 to 2.43)

 Interday 0.05 (–4.50 to 5.00) 1.18 (–1.27 to 3.96) –0.13 (–2.45 to 4.50)

Abbreviations: HPLC, high-performance liquid chromatography; LOD, limit of detection; LOQ, 
limit of quantification.
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Table 2. Concentrations of Cytotoxic Drugs in Infusion Line After Each Step of Flushing

Drug
Flushing 

Volume, mL
Concentration,  

Mean (95% CI), µg/mL

Relative Remaining  
Concentration,  

Mean (95% CI) %

Relative Remaining  
Amount in 250-mL  
Infusion Bag, Mean  

(95% CI) %

Cytarabine 0 9,313.68 (9,224.65–9,621.11) 100 (99.04–103.30) 10.40 (10.30–10.74)

10 9,327.52 (9,098.79–9,503.19) 100.15 (97.69–102.04) 10.42 (10.16–10.61)

20 7,210.80 (6,906.37–7,534.34) 77.42 (74.15–80.89) 8.05 (7.71–8.41)

30 2,667.39 (2,454.31–2,867.88) 28.63 (26.34–30.78) 2.98 (2.74–3.20)

40 758.16 (669.13–859.31) 8.14 (7.18–9.22) 0.85 (0.75–0.96)

50 194.41 (165.91–223.01) 2.09 (1.78–2.39) 0.22 (0.19–0.25)

60 69.95 (51.85–90.92) 0.75 (0.56–0.97) 0.08 (0.06–0.10)

70 33.33 (21.25–46.38) 0.36 (0.23–0.50) 0.04 (0.02–0.05)

80 22.43 (13.23–32.43) 0.24 (0.14–0.35) 0.03 (0.01–0.04)

90 18.57 (10.63–26.76) 0.20 (0.11–0.29) 0.02 (0.01–0.03)

100 17.23 (9.74–25.58) 0.18 (0.10–0.27) 0.02 (0.01–0.03)

Gemcitabine 0 7,576.87 (7,506.39–7,692.68) 100 (99.07–101.53) 10.40 (10.30–10.56)

10 7,604.68 (7,570.28–7,638.43) 100.37 (99.92–100.81) 10.44 (10.39–10.48)

20 5,907.41 (5,645.89–6,146.15) 77.97 (74.52–81.12) 8.11 (7.75–8.44)

30 2,268.46 (2,099.15–2,436.76) 29.94 (27.70–32.16) 3.11 (2.88–3.34)

40 733.01 (648.17–821.28) 9.67 (8.55–10.83) 1.01 (0.89–1.13)

50 198.42 (173.77–226.50) 2.62 (2.29–2.99) 0.27 (0.24–0.31)

60 79.41 (65.74–93.93) 1.05 (0.87–1.24) 0.11 (0.09–0.13)

70 41.98 (31.29–52.37) 0.55 (0.41–0.69) 0.06 (0.04–0.07)

80 28.02 (18.18–37.54) 0.37 (0.24–0.50) 0.04 (0.02–0.05)

90 21.98 (12.95–31.05) 0.29 (0.17–0.41) 0.03 (0.02–0.04)

100 18.73 (10.23–27.01) 0.25 (0.13–0.36) 0.03 (0.01–0.04)

Paclitaxel 0 622.95 (617.91–627.97) 100 (99.19–100.80) 10.80 (10.71–10.89)

10 620.34 (615.36–625.27) 100.9 (100.09–101.70) 10.90 (10.67-10,84)

20 514.55 (492.40–534.27) 83.7 (80.10–86.91) 9.04 (8.549.26)

30 214.9 (200.37–228.43) 34.96 (32.60–37.16) 3.78 (3.47–3.96)

40 80.72 (73.63–87.31) 13.13 (11.97–14.20) 1.42 (1.28–1.51)

50 28.64 (25.00–32.42) 4.66 (4.07–5.27) 0.50 (0.43–0.56)

60 10.46 (8.88–12.18) 1.70 (1.44–1.98) 0.18 (0.15–0.21)

70 1.6<(c)<6.0a NA NA

80 1.6<(c)<6.0a NA NA

90 <1.60b NA NA

100 <1.60b NA NA

Abbreviation: (c), concentration; NA, not assessable.
aLess than limit of quantification.
bLess than limit of detection.
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was totally cleaned after passage of 
90 mL of flushing solution.

In a study with technetium 99m 
(99mTc), Simon et al23 showed that infu-
sion lines were completely cleared of 
the isotope after 2.91-fold dead space 
volume flushing. Even though they 
did not specify the LOQ, this isotopic 
method should be a sensitive method. 
However, since the authors did not re-
cover 100% of the initial activity, it may 
be hypothesized that 99mTc remained 
in the infusion line at very low, albeit 
unmeasurable, levels after flushing. 
Their conclusion focused only on the 
administered dose and not on the risk 
of contamination. Indeed, in our study 
we also observed that after 3-fold dead 
space volume rinsing, the amount of the 
dose lost in the tubing was negligible.

There is no validated threshold at 
which to consider the drug concentra-
tions that we observed as presenting a 
risk of contamination; however, it has 
been proposed that environmental 
contamination with hazardous drugs 
at a concentration of ≥0.1  ng/cm2 
could be considered nonsafe.24,25 As Lê 
et  al26 demonstrated, spreading 20  µL 
of cytotoxic solution over 1,500  cm2 
could mimic in-process contamina-
tion; this threshold value is equivalent 
to 0.1  ng/cm2, which could in turn be 
converted to 7.5 µg/mL for comparison 
to our study results. Except in the case 
of paclitaxel, the concentrations that 
we observed after 3-fold dead space 

volume rinsing were over this limit. 
We can therefore consider that tubing, 
even after flushing, often remains a 
source of contamination.

Our results showed that, despite an 
initial steep decrease, the remaining 
concentration slowly decreased after 
passage of 60  mL of flushing solution, 
thus making complete elimination of 
cytotoxic drugs from infusion lines an 
unreachable objective. Flushing with 
a very large volume might make total 
elimination possible but could lead to an 
inappropriate infusion time. Therefore, 
even without having performed a con-
tamination study, disconnecting an 
infusion line must be considered a 
contamination risk at any point after 
flushing.

Although environmental contam-
ination in pharmacy is a well-known 
phenomenon,27 publications on cyto-
toxic contamination in nursing prac-
tice are sparse. It has been reported, 
however, that sites directly in contact 
with infusion lines, such as infusion 
poles,12,19 pumps,19 and gloves,10,19 are 
more frequently contaminated. Since 
dermal exposure is a major contami-
nation route for healthcare workers,27 
the International Society of Pharmacy 
Practitioners (ISOPP) recommends 
disconnecting tubing after thor-
ough flushing.15 Our results show that 
flushing is not enough and emphasize 
the need for devices to reduce the risk 
of contamination when disconnecting 

infusion lines. The United States 
Pharmacopeia recommends the use 
of a CSTD to deliver chemotherapy.17 
While efficacy of the latter has been dis-
cussed,28-30 the use of such an adaptor 
for safe disconnection of a line from 
the infusion bag to a flushing set has 
been linked to a significant decrease 
in cyclophosphamide surface conta-
mination of the infusion area.31 The ef-
fectiveness of CSTD adaptors must be 
further assessed.

From a dosing point of view, the 
dead space volume of the infusion set, 
if not flushed, could have a significant 
impact on the total dose administered, 
resulting in a risk of underdosing.32 
Therefore, optimal flushing volume is 
a major concern. In our infusion simu-
lations, we found that use of at least 
50  mL of flushing solution (nearly 
2-fold dead space volume), regard-
less of the drug, meant that more than 
99% of the prepared dose was admin-
istered. Considering that from a con-
tamination perspective higher volume 
cannot completely eliminate cytotoxics 
from tubing, we can thus suggest that 
a 2-fold dead space flushing volume 
is sufficient to minimize drug loss and 
ensure actual delivery of the maximum 
administered dose.

The type of drug molecule proved 
to be the most important factor 
influencing flushing efficacy. Since we 
chose to compare 3 molecules with dif-
ferent solubilities, we found that the 

Figure 2. Comparison of relative remaining concentration of cytotoxics after 50 ml flushing according to flushing solvent 
(panel A), flow rate (panel B), and logP of drugs (panel C). P values are calculated using Wilcoxon Rank Sum test (panels A 
and B) or Spearman correlation test (panel C).

A B C
P = 0.849 P = 0.397 P < 0.001 

 AM J HEALTH-SYST PHARM | VOLUME 77 | NUMBER 22 | NOVEMBER 15, 2020  1871

D
ow

nloaded from
 https://academ

ic.oup.com
/ajhp/article/77/22/1866/5943268 by Serials Section, D

ixson Library user on 30 O
ctober 2020



PRACTICE RESEARCH REPORT CYTOTOXIC CONTAMINATION

higher the solubility, the lower the re-
maining relative concentration. Indeed 
paclitaxel, almost insoluble in water,33 
was significantly less eluted than the 
other 2 drugs after a 50-mL flush.

Since nonspecific binding of 
paclitaxel to plastic has been observed,34 
delayed elution of the drug may be due 
to its adsorption onto tubing. Moreover, 
whereas we found no flow rate effect 
for cytarabine or gemcitabine, that was 
not the case for paclitaxel. This finding 
is consistent with the assumption of 
paclitaxel adsorption, since an increased 
flushing flow rate has been reported to 
reduce the adsorption of insulin onto 
infusion lines35 or of albumin onto cath-
eters.36 Similarly, a solvent effect was ob-
served only with paclitaxel. The lower 
flushing efficacy with use of dextrose 
injection vs sodium chloride injection 
could be due to the elevated viscosity of 
the paclitaxel microemulsion when di-
luted in dextrose injection.37

The main limitations of our study 
were characteristics of experimental 
design that might have impacted re-
sults, such as the influence of the type 
of tubing, infusion bag or pump, or 
baseline concentration tested. Whereas 
we would not expect the type of infu-
sion bag or infusion pump to have any 
effect, the potential effect of tubing 
materials must not be excluded, con-
sidering the influence of flow rate on 
paclitaxel elution. The infusion lines 
used for paclitaxel were PVC free, made 
of polyurethane. While this material 
is commonly used as an alternative to 
PVC, studies have shown it is subject to 
a sorption phenomenon less significant 
than that seen with PVC but more so 
than with use of certain other materials 
such as polyolefin.38

Paradoxically, the remaining ab-
solute concentration of paclitaxel dro-
pped below the 7.5  µg/mL threshold, 
and below the LOQ after 3-fold dead 
space volume flushing, even though 
paclitaxel is the relatively less well 
eluted drug among the 3 tested. It 
should be noted that the initial con-
centration of paclitaxel was the lowest 
of the 3 drugs. We did not test various 
concentrations for each drug, but it 

seems logical that the lower the initial 
concentration, the lower the remaining 
concentration. Given that our aim was 
to be able to establish guidelines to 
apply in all circumstances, we chose a 
sufficiently high initial concentration 
to assess the safety of flushing even for 
high doses.

Conclusion

Recommendations for flushing 
infusion lines following intravenous 
administration of cytotoxics serve 2 
purposes: to reduce the risk of con-
tamination and to maximize the dose 
actually administered. Since a 2-fold 
dead space volume within the infu-
sion set seems sufficient for admin-
istration of nearly the full prescribed 
dose, we might suggest that as an 
optimal flushing volume. However, 
that flushing volume cannot be 
considered a means to completely 
eliminate cytotoxic drugs from the 
infusion set. Given that complete 
cleaning of the tubing seems to be an 
unrealistic objective, using a greater 
flushing volume seems unnecessary. 
Consequently, even after flushing 
the infusion line must always be con-
sidered a source of contamination. 
Personal protective equipment re-
mains mandatory for disconnecting 
infusion lines, and CSTD administra-
tion needs to be more fully assessed.
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