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Abstract: Intrathecal analgesia has increased over the
last 30 years. In oncology, it is a real alternative for the
treatment of refractory pain. The diversity of the mole-
cules alone or in combination that can be used, the risk
related to the route of administration, and the cost of
certain molecules are all arguments in favor of centra-
lized preparation within the pharmacy. The purposes of
this work are first of all to explain the reasons for cen-
tralization of these preparations, and in a second time to
describe the circuit developed within our establishment.
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Description of intrathecal analgesia

Clinical interest

The management of a patient with cancer goes beyond the
borders of the only treatment of cancer pathology. From the
patient’s point of view, pain is often considered the most
feared symptom [1]. The painkillers prescribed on the scale
established by the World Health Organization are effective
in relieving pain related to cancer in more than 80% of
cases [2]. However, for 15% to 20% of patients, conven-
tional analgesicmanagement is not sufficient (impossibility
to relieve pain or undesirable side effects observed [3].

In these cases intrathecal analgesia should be con-
sidered for better control of pain as well as for the pur-
pose of improving quality of life [4]. The superiority of
intrathecal analgesia over standard therapy was demon-
strated in a randomized multicenter clinical trial in 2002

[5], with a 52% decrease in pain in the implanted group
and a significant decrease in adverse events. Studies
published since then have also confirmed these results
with a comparable level of pain reduction [6–13].

In France, the indication of intrathecal analgesia exists
according to the Société Française d’Anesthésie et de
Réanimation (SFAR) in case of refractory chronic cancer
pain despite a well-conducted treatment according to the
recommendations of theWorld Health Organization, (WHO)
as well as in patients with adverse effects related to analge-
sics invalidating the quality of life of the patient [4, 14].

Intrathecal analgesia is therefore a technique of
analgesia more and more developed in the world and
also in France.

Anesthesiologists of our establishment are all trained
in this technique [15]. From the beginning, clinicians and
pharmacists worked together to provide the patient with
optimal care and thus to set up a suitable circuit.

Equipment

The principle of the technique is to distribute the analgesics
closer to themedullary receptors, in the cerebrospinal fluid,
to reduce the doses of the analgesics and to reduce the side
effects related to the treatments systemically. A catheter is
placed directly in the cerebrospinal fluid, and is tunneled to
the pump or to an implantable site connected to an external
pump. Choosing the location of the catheter post at the
vertebrae is important and depends on the type of pain.

Implantable pump has a tank of 20 or 40ml. The flow
is continuous and bolus can be generated by the patient
via a remote control. The implanted pump is filled at
regular intervals, depending on the flow rate of each
patient. The filling of the pump reservoir is done via a
septum placed under the skin.

Mix used and indication

Elements on Cerebro Spinal Fluid (CSF) diffusion are
important to understand the use of certain molecules
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intrathecally. CSF circulation is passive and pulsatile. It is
modulated mainly by changes in blood and trans-thor-
acic pressure [16]. In addition, CSF is a very hydrophilic
medium, while its environment is highly vascularized
and lipophilic.

For instance, hydrophilic drugs such as morphine
will have a slow blood resorption with a longer duration
of action intrathecally.

Different molecules can be used, alone or in combi-
nation. They must meet several criteria to be used: diffu-
sion in CSF, not to be toxic for the spinal cord, to be
chemically and physically stable in pump whatever the
mixture used.

The 2017 Polyanalgesic Consensus Conference has
established a therapeutic strategy based on the type of
pain (nociceptive or neuropathic) [17].

The most used molecules are
– Opioids: morphine remains the reference. Fentanyl

and sufentanil can also be used with a faster onset
of action. Hydromorphone is also cited, principally in
case of diffuse nociceptive or neuropathic pain.

– Local anesthetics by blocking sodium channels: bupi-
vacaine or ropivacaine. Ropivacaine is the only one
currently marketed in France.

– N-type calcium channel blocker voltages inhibitors:
ziconotide.

– Alpha 2 adrenergic receptor agonist: clonidine. Its
action on the secretion of substance P and its mem-
brane hyperpolarization allows an action on neuro-
pathic pain.

– GABA-B receptor agonist: baclofen. This molecule is
widely used in spinal spasticity.

Synergistic combinations are often used in oncology in
view of the intensity of the pain and its mixed character-
istics. The combination morphine – ziconotide, asso-
ciated or not with ropivacaine, has already showed
clinical benefits in cancer pain [18]. However, it is neces-
sary to check the physicochemical compatibility as well
as the stability of the associations used. First, in the
syringes and then, in the implanted pumps.

Description of medical circuit

Centralization of preparations

The centralization of the intrathecal analgesic prepara-
tions was done in collaboration with the anesthesia-
intensive care team on several arguments:

– The route of administration: the infectious risk must
be controlled.

– The use of drugs with a narrow therapeutic margin
such as ziconotide with its psychiatric adverse effects
profile.

– The use of several molecules in combination makes
emerge then more risk during the preparation: con-
fusion of molecules or concentrations.

– The cost: centralization makes it possible to group
the manufacture of preparations containing zicono-
tide and thus the use of a vial for several preparations
in complete safety.

– The control of the preparation: there is no possible
antidote by the intrathecal route, a quality control of
the preparation makes it possible to reduce the risk
of error. Only the pharmacy department has the
skills and the materials resources to perform those
controls.

Centralization at the pharmacy was therefore adopted
with this following circuit (Figure 1): a computerized
prescription with pharmaceutical validation, a manufac-
turing under a laminar flow hood dedicated for non-toxic
sterile preparation and a liberating analytical control. The
constitution of a batch file with traceability of all stages
of manufacture is carried out.

Computerized prescription

The circuit is integrated in a single software consisting of
three modules BP PREP® (Anathec, Hesiode, LabControl,
Alma Accos®, France).

The prescription is made using the Anathec® soft-
ware. For the clinician, the intrathecal prescription is
based on a rate of administration of the analgesic mixture
and the daily dose of each drug. Depending on the eva-
luation of the pain it is also possible to set boluses
(number and volume) as well as a refractory period. An
optimization of the mixture is possible to keep the same
doses per day by making a concession on the flow. Then
for a given volume of preparation, the software calculates
a volume for each product, the concentration and there-
fore the total amount to be present in the refill. The
algorithm is constructed to take into account the feasi-
bility of preparation.

The clinicians and the pharmacist are informed of the
evolution of the daily dose of each compound compared
to the previous load.

For a 40ml pump, clinicians prescribe a refill of
50ml, allowing taking a sample for the control and
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purging the pump system. Once the prescription is com-
pleted, it is sent to the pharmacy.

Pharmaceutical analysis

The prescription then appears in the Hesiode® planning
tool which allows to see for each prescription, the pro-
gress of its state: “Prescribed”, “Ok pharmacist”, “in pre-
paration”, “Available”.

Level II pharmaceutical validation is performed for
each prescription before starting the preparation [19].

For each preparation, the software adjusts the vials of
morphine used according to the concentration of the desired

mixture. The preparation is then sent to the LabControl®

traceability software in which the batch file data will be
entered: batch number, analytical control, visual inspection.

Preparation

The preparation is then carried out in a class B room,
under a vertical laminar flow hood (HERAsafe KS,
Thermoelectron LED GmbH, Langensenbold, Germany)
to ensure the sterility of the preparation.

Each product is added one after the other in a 60ml
syringe (BD, Le Pont de Chaix, France). Then a volume of
sodium chloride 0.9% is added to reach the final volume
of preparation desired (30, 50, 100, 250mL). The prepara-
tion is then packaged in a sterile field.

A 2ml sample of the mixture is taken for the analy-
tical control.

Analytical control

In order to secure our production process and thus provide
a real control certificate to our different customers, several
methods of analytical control has been developed over
time. The first method allowed the control of preparations
containing only morphine ropivacaine and ziconotide [20].
The second method allowed the control of preparations
containing sufentanil and ziconotide [21]. Finally, the use
of different molecules, alone or in combination, has forced
us to develop a new method for the control of 8 molecules:
morphine, ropivacaine, bupivacaine, baclofen, clonidine,
fentanyl, sufentanil and ziconotide [22].

The analyzes are performed with an Acquity
Hclass® UPLC coupled to a diode array detector
(Waters, Guyancourt, France). The column used is an
Acquity UPLC® BEH C18 1.7 μm 2.1 * 50mm heated to
50 °C. The mobile phase used is a gradient of water
and acetonitrile acidified to 0.1% with trifluoroacetic
acid. Two chromatographic methods are used because
of a scale of different concentrations for all molecules.
For morphine, ropivacaine, bupivacaine, baclofen and
clonidine 0.3 μL are injected into the system while
10 μL are injected for ziconotide, fentanyl and sufenta-
nil [22].

The detection takes place at
– 280 nm for morphine,
– 230 nm for ropivacaine and bupivacaine,
– 220 nm for baclofen,fentanyl and sufentanil
– 204 nm for ziconotide.
– 201 nm for clonidin.

Figure 1: Circuit of intrathecal preparations.
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pH control is also performed with a micro pH electrode
(Model HI 2210, Hanna, Tanneries, France).

Stability

The literature is not rich in stability data for intrathecal
analgesic mixtures in syringe. The ropivacaine morphine
combination has been studied and appears to be stable at
30 °C [23]. However, the concentrations of morphine
(0.02mg/ml at 0.1mg/ml) and ropivacaine (2mg/ml
max) are very low. The stability of the morphine cloni-
dine combination in polypropylene syringe has been
demonstrated by an American team [24] with a stability
of 60 days at 4 °C.

In order to enrich the stability data of these intrathe-
cal mixtures, several stability studies have been carried
out within the pharmacy.

The first stability study concerns the morphine–ropi-
vacaine-ziconotide mixture in polypropylene syringes
stored at 5 °C, 21 °C, 31 °C and in polyolefin infusion
bags stored at 21 °C. This study showed a stability of the
mixture during three days at 5 °C in polypropylene syr-
inges and fourtenn days at 21 °C in the polyolefin infusion
bags. Beyond this, a decrease in ziconotide concentra-
tions is observed [25].

The second study concerns the morphine – baclofen
combination. Two mixtures were studied: a weakly
concentrated mixture and a highly concentrated mix-
ture. Two storage conditions were tested: 5 °C ± 3 °C
and 25 °C ± 2 °C. This combination is stable for seven
days in both temperature conditions [26].

Many studies have yet to be carried out to enrich the
stability database of these mixtures and thus ensure
proper storage and transport for these preparations.

Evolution

It was in 2004 that the first Institut de Cancérologie de
l’Ouet (ICO) patients benefited from intrathecal analgesia.
Activity increased over time (Figure 2) and was multiplied
by a factor 1 to 10 in the last ten years. In 2017 the activity
of intrathecal preparations represents more than 1700
annual preparations.

The subcontracting activity

Currently, only a few centers in France are trained in this
method of analgesia because it requires a consistent
technical environment and specific medical and pharma-
ceutical skills. For patients receiving intrathecal prepara-
tions, each filling requires that the patients be
transported from their home to a referral center. These
repeated trips can be difficult for patients to experience.

It is in this spirit that our institution has turned to the
outsourcing of these preparations. The first step is to
establish an agreement between the two institutions.
The agreement specifies in particular the following
points: the routing of the prescriptions to the pharmacy,
the conditions of transport and schedules of availability
of the preparations. This is an important step determining
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Figure 2: Activity evolution over time.
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the modalities of cooperation between the two
establishments.

In parallel, the ICO has submitted a complete evi-
dence file on the process to the Regional Health Agency
(RHA) for authorization to carry out masterful prepara-
tions on behalf of other health establishments. The RHA
has given its approval via a decree authorizing the mod-
ification of the hospital pharmacy of the ICO for carrying
out antalgic compounding for other establishments.

The RHA of the Pays de Loire authorized in 2015 an
agreement between the Hospital Center of La Roche-sur-
Yon and ICO Paul Papin for a manufacture of prepara-
tions by the pharmacy of the ICO Paul Papin and a
routing up to in the center of La Roche-sur-Yon. This
authorization has made it possible to offer this type of
treatment to more patients likely to benefit from it.

Conclusion

The interest of intrathecal analgesia in the management of
refractory cancer pain is certain. ICO Paul Papin, with
more than 10years of practice in the field saw the number
of these intrathecal preparations for analgesic purposes
increase. The daily practice and the means to supervise
the manufacturing allowed acquiring an expertise (support
of prescription and preparation, formation, analytical con-
trol) always in a will of quality and transparency for our
customers. The opening to centralization of other prepara-
tions used intravenously, such as antibiotics, PCA mor-
phine, could then be considered.
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