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Abstract
Previous studies have reported loss of clonazepam from solutions administered intravenously
from plastic infusion bags and administration sets. In palliative care, clonazepam is
sometimes administered through syringe drivers using polyvinyl chloride (PVC) infusion
tubing. No data currently exist to show whether use of PVC tubing affects the amount of
clonazepam actually received by the patient. This study compared the use of two different
types of PVC tubing with a non-PVC tubing. Solutions containing clonazepam or
clonazepam and morphine were prepared with either normal saline or water for injection as
diluent. Concentrations of morphine and clonazepam were determined using high-
performance liquid chromatography. Significant loss of clonazepam (up to 50%) was
observed in all solutions infused through PVC tubing. Solutions infused through non-PVC
tubing retained greater than 90% of the initial concentration of clonazepam. It is
recommended that when administering clonazepam using a syringe driver, non-PVC tubing
be used. J Pain Symptom Manage 2006;31:563--567. � 2006 U.S. Cancer Pain Relief
Committee. Published by Elsevier Inc. All rights reserved.
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Introduction
Clonazepam, a benzodiazepine, is used in

palliative care for its anxiolytic effect,

anticonvulsant activity, and analgesic effects
in neuropathic pain.1 It can be given orally
or administered as a subcutaneous bolus or
as a 24-hour continuous subcutaneous infu-
sion using a syringe driver or a similar device.
When preparing clonazepam for infusion, dil-
uents such as sodium chloride 0.9% or water
for injection are added. On occasion, other
medications, such as morphine, may also be
present in the infusion solution. These solu-
tions, prepared in polypropylene syringes, are
slowly administered over 24 hours through
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infusion tubing. Different types of infusion
tubing are used, some of which are made of
polyvinyl chloride (PVC).

Sorption (loss) of benzodiazepines to PVC
bags and tubing has been reported in intrave-
nous (IV) solutions of clonazepam adminis-
tered over a few hours.2,3 Loss of clonazepam
into IV tubing has been reported to be concen-
tration and flow dependent, with use of poly-
ethylene-coated tubing resulting in no loss of
clonazepam.3 Concentrations, volumes, and
flow rates used in the studies cited above differ
considerably from those commonly used in
palliative care. Data on the effect of tubing
or presence of another drug on clonazepam
administered using a syringe driver have not
been reported in the literature.

The aim of this study was to investigate
whether significant loss of clonazepam oc-
curred when clonazepam was delivered
through different types of tubing over
24 hours using a syringe driver. The effect of
diluent, drug concentration, and presence of
morphine was also investigated.

Methods
Reagents

The reagents used were ampules of clonaze-
pam (1 mg/mL); pure clonazepam powder
(Roche Products Pty. Ltd., Dee Why, New
South Wales, Australia); ampules of morphine
sulfate and pure morphine sulfate powder
(David Bull Laboratories Pty. Ltd., Mulgrave,
Victoria, Australia); nalorphine hydrobromide
B.P. (Wellcome Foundation Ltd., London,
UK); sodium chloride injection 0.9% and wa-
ter for injection (Pharmacia West Ryde, Aus-
tralia); disodium hydrogen orthophosphate
and sodium dihydrogen orthophosphate (AR,
Sigma Chemical Co., St. Louis, MO, USA);
and acetonitrile and methanol (ChromAR
HPLC, Mallinckrodt, Clayton South Australia
Pty. Ltd.). Water used in preparation of solu-
tions was purified using a Millipore reverse os-
mosis and filtration system (North Ryde, NSW,
Australia).

Experimental Design
Eight different solutions containing clonaze-

pam either alone or in combination with mor-
phine were prepared as outlined in Table 1.
For each solution, 10 replicates were prepared
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