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Background: Use of intrathecal admixtures is widespread, but compounding these is sometimes
challenging and may result in errors and complications causing super-potency or sub potency
adverse events in patients or malfunctions in the pump itself.

Objective: The purpose of this study is to evaluate the accuracy of compounding of intrathecal
admixtures through a prospective, systematic quantitative analysis of each component of the
mixture before delivery to patients.

Study Design: Observational follow up prospective study of intrathecal mixtures components
concentrations before refills.

Settings: Assays were performed on all intrathecal admixtures produced by the ICO-Paul Papin
compounding pharmacy between January 2013 and October 2014 using Ultra High Performance
Liquid Chromatography (U.H.PL.C.). In addition, pH levels of admixtures have been measured
since June 2014. When measured concentrations were 15% above or below the required
concentrations, the mixture was excluded and compounded again.

Results: 1729 mixtures were analyzed. Mean deviation from theoretical values was -1.17%
+ 0.28% for morphine, -0.95% = 1.07% for ropivacaine, and 4.82% + 0.6% for ziconotide.
Exclusion rates were 8.33% overall, but fell from 11.67% in 2013 to 4.97% in 2014. Most
exclusions were caused by inaccuracy in the dose of ziconotide. Average mixture pH of the 603
tested admixtures was 4.83 + 0.6%.

Limitations: This study is monocentric and limitations include also its non-randomized nature
with no clinical comparison of the rate of adverse events with a refill process without control of
each component concentrations.

Conclusion: Prospective assays provide benefits in ensuring accuracy of intrathecal mixture
compounding and in preventing overdosing or sub dosing, most notably concerning Ziconotide.

Key words: Intrathecal drug delivery, morphine, ziconotide, ropivacaine, prospective dosages,
adverse events prevention, quality process
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ntrathecal analgesia hasadvanced considerablyin the
last 20 years, and numerous studies have proven its
efficacy, especially in cancer treatment, as a credible
alternative for patients suffering from refractory pain

(1,2). Over the years, certain associations of analgesics
have shown synergistic effects (3-5) as well as greater
efficacy (6) along with a reduction in side effects
(4,7,8).
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Use of analgesic admixtures is often necessary,
particularly in oncology, for which it has been recom-
mended by the most recent consensus conferences
(9,10). The use of analgesic mixtures is sometimes chal-
lenging, however, as it can itself become a source of
complications, because it requires accurate prescription
of doses, and precise and aseptic mixture preparation
while avoiding compounding errors and high stabil-
ity of admixtures. Compatibility of mixtures with the
pumps to deliver them must also be ensured.

In 2012, after a series of adverse events caused
by pump failures, as a result of the use of intrathecal
mixtures with a low pH, a manufacturer of intrathecal
drug delivery systems published a warning concerning
the use of intrathecal mixtures. In response, a panel of
experts from the learned societies made recommenda-
tions on the prescription, preparation, and use of these
analgesic admixtures (12,13).

Moreover, among these analgesics, ziconotide
poses particular problems. On the one hand, it must
be administered firstly in small doses with slow and
steady increments in order to reduce adverse effects
(14); this requires low doses in admixtures and highly
accurate compounding of these mixtures, since the
drug is initially highly concentrated. On the other hand,
Ziconotide possibly decays in pumps when It is a con-
stituent of admixtures (15-18).

BACKGROUND

In view of the above considerations and as part
of our quality process, 2 years ago we implemented
a system of production of intrathecal mixtures which
includes computerized prescription, compounding un-
der laminar flow hood in the department of pharmacy,
and concentration analysis of each constituent drug to
ensure conformance with prescription prior to delivery
of refills.

After implementation, a study was carried out that
observed the stability of each molecule of admixtures
when stored in pumps (15). Secondly, conformance of
mixtures has been verified systematically since January
2013, when a more powerful ultra-performance liquid
chromatography (UPLC) unit was acquired, partly to
meet a request from regional health authorities who
asked for this control to authorize compounding for
other hospitals in the region to ensure delivery of refills
from our pharmacy closer to cancer patients’ homes.

A database was created containing results of all
assays performed on mixtures. The results are analyzed
below.

Aims of the Study

The purpose of this study is to evaluate the accu-
racy of compounding of intrathecal admixtures during
routine operations and thereby to determine rates of
conformance with prescriptions. The study also aims to
determine the number of compounding errors, includ-
ing overdosing or underdosing issues of components
that were avoided due to systematic concentration
testing. It is also part of a continuing quality process
designed to improve accuracy of preparation in order
to reduce adverse effects from upstream dosing errors.

MEeTHODS

Patients

Assays were performed on all mixtures produced
for patients enrolled in intrathecal pain therapy,
whether by internal pump or external pump, between
January 2013 and October 2014 at the Institut de Can-
cérologie de L'Ouest - Paul Papin. This study has been
authorized by the local Ethics Committee.

Medications

Mixtures were composed of at most 3 drugs, all
from sterile commercially available solutions:

Morphine sulfate, without adjuvant, dilutions
were prepared from 50 mg/mL vials (Lavoisier Pharma-
ceutical, Inc., Paris, France). The initial intrathecal (IT)
morphine dosage was calculated from the patients’
previous systemic opioid dosage by using an oral IT
ratio of 300:1 (9).

Ropivacaine at a concentration of 10 mg/mL (Astra-
Zeneca Pharmaceutical, Inc., London, United Kingdom)
was utilized; local anesthetics : bupivacaine is generally
preferred because of its long duration of action but
is not available in France in the high concentrations
required for intrathecal administration, and we conse-
quently use ropivacaine instead.

Ziconotide was drawn from a 1-mL vial containing a
concentration of 100 pg/mL (Eisai Pharmaceutical, Inc.,
Tokyo, Japan). Free L-methionine (50 pg/mL) is used as
the vehicle for ziconotide because it is more easily oxi-
dized compared to the methionine in m-conotoxin.

The doses of each IT component used was deter-
mined to obtain the best pain relief following the latest
recommendations of the experts (9).

Materials
Assays were performed on Ultra Performance Liqg-
uid Chromatography® UPLC Acquity H-Class (Waters)
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equipment which includes an Acquity UPLC® BEH C18
1.7 pm 2.1x50mm column, quaternary solvent man-
agement, a Photo Diode Array detector, and a sample
manager. All modules were controlled with Empower®
software. The mobile phase was prepared using ultra-
pure water (Elga Purelab DV25), acetonitrile, and tri-
fluoroacetic acid (VWR®©, Fontenay aux Roses, France),
in gradient mode. The pH was determined with a glass
micro-electrode connected to a pH meter model HI 2210
(Hanna, Tanneries, France).

Methods

The UPLC method consists of a gradient of ultra-
pure water with 0.1% trifluoroacetic acid (Phase A)
and acetonitrile with 0.1% trifluoroacetic acid (Phase
B). The gradient used was as follows: TO min 95:5 (A/B);
T0.5 min 90:10 (A/B); T3.5 min 10:90 (A/B); T4 min 95:5
(A/B). The column is heated to 30°C. Injection volumes
are 0.3 pl for simultaneous analysis of morphine and
ropivacaine, and 10 pl for ziconotide. Each test takes
5 minutes. Total analysis time for samples containing
morphine, ropivacaine, and ziconotide is 10 minutes. In
these conditions, retention times are 0.95 minutes for
morphine, 2.2 minutes for ropivacaine, and 1.78 min-
utes for ziconotide. UV spectra are analyzed between
200 and 400 nm. Detection wavelengths are 285 nm
for morphine, 230 nm for ropivacaine, and 206 nm for
ziconotide.

Statistical Analysis

Results were collated in an Access 2013 database
(Microsoft Corporation, Redmond, WA) and were
analyzed using the statistical software Winstat 7.0 (R.
Fitch Software, Chicago, IL). Mean ziconotide errors
were compared using the Mann-Whitney-Wilcoxon test
at the 5% significance level. All data are presented as
means + standard deviation. Correlation was described
using Pearson correlation coefficient.

Research Protocol

Withdrawal of oral analgesics is performed im-
mediately after implantation of intrathecal device. The
assessment of pain intensity before each refill is com-
pleted by the physician ona 0- 10 numerical scale (0 =
no pain, 10 = worst pain imaginable).

Then the intrathecal pump treatment is prescribed
with the assistance of Anathec® (Accoss groupe ALMA
Medical, Vitry sur Seine, France).

The prescription is then forwarded to the hospital

pharmacy where compounding is performed in sterile
conditions under a laminar flow hood through a 0.2
micron low protein binding filter in polyethersul-
fone. In addition, to ensure sterility of the mixtures,
preparations are made from sterile pharmaceutical
products with sterile medical devices in a sterile envi-
ronment. We can consider it a closed system. Controls
consist of checking at set interval the environment and
equipment.

Preparations are produced by pharmacy techni-
cians who are qualified for this task. They are spe-
cialized in the realization of injectable preparations.
Their specific training is performed by a referent and
includes different steps, both practical and theoretical.
The ability to perform intrathecal mixtures is delivered
by the chief of the department after the examination
of the performance, by the technician , of a mixture
with key points .

The syringe containing the admixture is then pack-
aged in a sterile sachet.

Prior to packaging, 1 mL is sampled from the ad-
mixture in order to test concentrations of each compo-
nent drug; the results of this analysis are compared to
the prescribed concentrations. All admixtures in which
any constituent is found to differ by more than 15%
from the prescribed concentration are rejected and
compounded again. Given the lack of legal rules in
France for this kind of assay, the results of a previous
validation method allowed us to define the threshold
for quantitative release to 15% between measured and
theoretical concentration levels. This level represents
the sum of the factors of extrinsic variation such that
the concentration of industrial pharmaceutical drugs,
the accuracy of syringes, and performance of the de-
vice. The refill is only delivered after validation of the
assay by the managing pharmacist (Fig. 1).

Since June 2014, acquisition of a specific pH meter
allowed for pH levels to also have been measured.

REesuLTs

Exactly 1,729 consecutive mixtures for 153 patients
were analyzed for concentrations of constituents from
January 2013 to October 2014. Of the mixtures, 85.1%
were prepared for Synchromed 2 Medtronic® internal
pumps and 14.8% were prepared for patients with
external pumps, catheters, and subcutaneous ports.
Two patients were implanted with an intraventricular
catheter. Mean prescribed concentrations are found in
Table 1.

www.painphysicianjournal.com

351



Pain Physician: July/August 2015; 18:349-357

Analysis of Overall Conformance

Mean differences between observed concentra-
tions and prescribed concentrations are -1.17 + 0.28%
for morphine, -0.952 + 1.07% for ropivacaine, and
4.82 + 0.60% for ziconotide. Accuracy is greater for

Evaluation

Prescription

|

g Preparation

Concentration
control

Refused

Accepted

-15%>Conc <15%

Delivery to
patient

Fig. 1. Process.

morphine and ropivacaine, and there was no change
between 2013 and 2014. Inaccuracy rates are higher for
ziconotide (Table 2).

Inaccuracy is higher for lower concentrations of
ziconotide, as shown in Figs. 2-1, 2-2, and 2-3.

When inaccuracy rates are compared for ziconotide
concentrations, a significant difference appears be-
tween 2 groups of ziconotide preparations: concentra-
tions lower than 0.5ug/mL of ziconotide where the
average difference between theoretical concentrations
and observed concentration is 6.98% + 0.94%, and con-
centrations equal to or greater than 0.5 pg/mL where
there is a mean difference of 1.47% + 0.35% (P < 0.001)
(Fig. 3).

Concerning ropivacaine, not only is it the lower
concentrated initially, but it also shows the least dis-
persion of values at low concentrations as well as the
smallest differences.

Mixture Exclusions after Assay

The number of admixtures excluded after testing,
i.e., showing the defined difference of 15%, is 8.3%
overall, though it has improved considerably as com-
pounding pharmacists have gained experience. The
rate of exclusion was 11.69% in 2013, but has since
fallen to 4.97% for the first 10 months of 2014 (Table 3).

Most exclusions have been caused by inaccuracy
in ziconotide dosage, essentially during the first year
of testing. In fact, in 2013,118 out of 144 exclusions
(81.9%) were due to inaccuracy in dilution of zi-
conotide, accounting for 70.3% (Table 4). Among ex-
cluded preparations caused by inaccuracy of ziconotide

Table 1. Mean concentration of each component.

Mini
N Mean Concentration it Maximum Concentration
Concentration
Morphine concentration 1729 3.34 +2.32 mg/mL 0.05 mg/mL 23.9 mg/mL
Ropivacaine concentration 1712 7.54 +2.33 mg/mL 0.4 mg/mL 9.8 mg/mL
Ziconotide concentration 1681 0.98 + 0.03ug/mL 0.04 ug/mL 5.8 ug/mL
Table 2. Mean variation of drug concentration.
N Mean Confidence interval (1)
% Mean variation M 1729 -1.172% 0.28%
% Mean variation R 1712 -0.952% 1.07%
% Mean variation Z 1681 4.822% 0.604%
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Table 4. Number of exclusions per year. M = Morphine, R = Ropivacaine, Z = Ziconotide.

N
Year dosages N exclusions | % exclusions | Z alone | M alone | Nalone | Z+ M+N | Z+ M | Z+ R | M+R
e

2013 864 101 11.69% 69 8 10 0 11 3 0

2014 865 43 4.97% 33 4 1 1 1 0 3

Total 1729 144 8.33% 102 12 11 1 12 3 3

Table 5. Number of exclusions per drug.
N Max diff Min diff Mean

Morphine 28 32.00% -80.80% 18.00%
Ropivacaine 18 922.50% -25.00% 16.72%
Ziconotide 118 203. 50% -30.00% 23.80%

i Systematic Measurement of pH
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Fig. 4. pH distribution.

concentrations, 22 (1.2% of analyses) presented concentrations
50% greater than the prescribed dose with a maximum of 203%
difference; 18 of these greater-than-50% of prescription errors oc-
curred in 2013 (Table 5).

In addition, among those exclusions caused by an inaccurate
dosage of ziconotide, 12 were accompanied by a significant error
in morphine concentrations, 11 by a significant error in ropivacaine
dosage, and one involved all 3 components of the mixture.

Exclusions caused by morphine inaccuracies are rarer, and ob-
served differences are smaller; only 28 (1.8% of assays) significant
differences were observed, with differences ranging from -80% to
+32%. Here too, 68% of these errors were found in 2013.

Errors in ropivacaine dosage are occasional: 18 (1.3%); howev-
er, for one of those errors, the difference was considerable, 923%,
which is nearly 10 times the prescribed dose.

Since the implementation of a pro-
gram of systematic measurement of pH,
603 consecutive admixtures have been
verified. The mean pH is 4.83 + 0.5 with a
maximum of 6.31 and a minimum of 3.33
(Fig. 4). A search for factors explaining this
variation in pH reveals that it is strongly
correlated with morphine concentration
(Pearson Coefficient = 0.77) (Fig. 5).

Discussion

Accuracy of Intrathecal Mixtures

These prospective concentration anal-
yses of intrathecal mixtures demonstrate
the difficulty involved in obtaining accu-
rate concentrations of each component of
mixtures. However, the 8% of all prepared
admixtures showing an error 15% greater
than the prescribed concentration were
rejected, thus avoiding potential adverse
events.

In addition, such analyses led, over
time, to improvements in accuracy, since
the exclusion rate fell from 11% in 2013 to
5% in 2014. Thus, following the results of
this study, the imprecision acceptable rate
will be decreased to + 10%.

This improvement is due primarily to a
reduction in inaccuracy rates for ziconotide
concentrations, due to an improvement
in the preparation as well as in the qual-
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ity of homogenization and sampling. Indeed,
ziconotide showed the highest rate of inaccuracy
in concentrations following the implementation
of systematic assays. This information is crucial,
because dosage errors most likely explain a sig-
nificant percentage of the side effects (14,19-21)
caused by ziconotide. Indeed, ziconotide is a par-
ticularly powerful drug and its therapeutic index
is low; adverse effects may occur at low doses (1
pg/day) (7). The accuracy of the injected dose is
therefore vital, but as of today, no other clinical
study has checked concentrations of ziconotide
really infused.

In addition, a significant difference in inac-
curacy rates between mixtures containing low
concentrations of ziconotide (< 0.5 pg/mL) and
those containing the highest concentrations (>
0.5 pg/mL) was observed. As ziconotide is initially
concentrated at 100 pg/mL, it is easy to reach such
levels of inaccuracy. Low concentrations are often
necessary, because it is recommended that zi-
conotide treatment start at 0.5 pg/day and should
increase by small increments (22). In France, for
ziconotide, only the formulation 100 pg/mL is
available, so an assay of concentrations therefore
seems essential to ensure a safe incremental in-
crease in treatment dosage.

Similarly, another important finding of this
study is that the greatest accuracy is obtained
from the commercial dilutions which are as close
as possible to prescribed doses as in, for example,
ropivacaine (10 pg /mL). However, if ropivacaine
is used in France it is primarily because 40 pyg /mL
bupivacaine is not available in the country. More-
over, such commercial dilutions also present the
disadvantage of requiring more frequent refilling
of pumps.

Prevention of Super-Potency

The major dosage errors observed here
may cause serious overdose accidents (23,24). In
our series of analyses, the error involving over-
dosing of ropivacaine of more than 900% was,
fortunately, detected, thus preventing most likely
a serious accident. Similarly, the large errors of
more than 50% in the dosage of ziconotide that
led to rejection of refills would probably have
caused serious side effects. It is worthy of note
that during the period of the study, no serious
adverse effects, of the kind requiring a report

Morphine concentrat lor

;

Fig. 5. Correlation between pH and morphine concentration.

to authorities, were observed in any of the 153 patients who
benefited from the systematic assay of their medication. Func-
tional accuracy of pumps has been widely studied (25), but the
current study shows that inaccuracy in dosage of medications
is perhaps another important factor in mortality. Mortality
caused by overdose in intrathecal analgesia is unclear (24).
In a retrospective study of mortality in intrathecal treatment,
Coffey et al (26) found that overdosing was a credible factor
in 28% of cases. However, measurement of morphine concen-
trations had been performed in only 3 out of 88 cases. In our
experience, a patient was hospitalized 48 hours after a pump
refill delivered by another hospital without mixture prepara-
tion by the pharmacy and without any prospective dosing for a
morphine overdose syndrome. Assay confirmed the diagnosis
of morphine overdose, with a concentration 10 times higher
than the prescribed dose of morphine.

Conformance with Recommendations

Medtronic’s 2012 warning (11) highlighted the difficulties
involved in using drug admixtures in intrathecal pumps. In their
response, the specialist panel recommended that preparation
of mixtures be carried out in “compounding pharmacies”
with testing of constituent quality and of admixture pH levels
(9,12,13). Our process meets those recommendations and goes
beyond them by quantifying concentrations of constituents.

Cost of Equipment

The initial cost of the equipment for UHPLC is € 70,000
and each test is evaluated at € 50. The additional cost of these
assays is acceptable given the price of reimbursement of each
refill by health insurance. In addition, this assessment does not

www.painphysicianjournal.com
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take into account the savings achieved by preventing
overdoses. However, these considerations are appli-
cable only in France and cannot be implemented given
the reimbursement differences in each country.

Limitations

This study is monocentric and limitations include its
non-randomized nature with no clinical comparison of
the rate of adverse events with a refill process without
control of each component concentration.

ConcLusIoN

There is no equivalent study in the literature. This
evaluation of prospective assay in intrathecal mixtures
demonstrates the benefits of such a process which may
be easily made part of daily practice, to better ensure
the accuracy of dosages and the prevention of overdos-
ing and underdosing, thus improving the quality and
the safety of these techniques. This quantitative analysis
limits dosage errors and, by extension, overdosing, par-

ticularly for ziconotide. Moreover, the method seems
to be becoming a requirement of medical authorities
to obtain approval for “off label” admixtures. Finally, it
should allow greater numbers of institutions to dispense
reliable mixtures. Thanks to these assays, we recently
obtained from the regional health administration, the
first authorization in France to produce IT mixtures for
a hospital that does not have these production facilities
and who could not use the IT treatment previously. In
this way, refills of pumps may be dispensed at home or
as close as possible to the patient’s home, thus limiting
the difficulties of travel for cancer patients at an ad-
vanced stage of the disease and also reducing the costs
of refills from travel. It appears to be a major factor
in the future development of intrathecal drug delivery.
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