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Abstract

The concentration range over which compatible admixtures of morphine hydrochloride with haloperidol lactate
(Haldol®) or midazolam hydrochloride (Dormicum®) and dexamethasone-21-sodium phosphate (Decadron® and
Decadron® Pack) or methylprednisolone-21-sodium succinate (Solu-Medrol®) can be prepared was determined by
visual evaluation of the solutions at 22°C. The compatibility was evaluated for admixtures prepared in a ratio
morphine hydrochloride (D,)/drug 2 (D,)/drug 3 (D) in a ratio 10/1/1 to 10/1/10 (v/v/v). The solutions of morphine
hydrochloride used were 10, 20, 30, 40 and 50 mg/ml prepared in water and isotonized with sodium chloride or
dextrose. The drug solutions were used undiluted and diluted 1/5 (v/v) in water. All admixtures were prepared by
adding the corticosteroid as D, and as D5 in order to evaluate the influence of the order of mixing on the
compatibility. The stability of the drugs in the compatible admixtures was evaluated during storage for 28 days at
22°C and protected from light. Visual inspection, high performance liquid chromatography (HPLC) analysis, pH and
osmolality determinations were performed. For each drug combination incompatibility was observed with increasing
ratio and/or concentration of the drug solutions. Within the range of compatibility the concentrations of the three
drugs could be increased so to allow adequate symptom control with all drug combinations. For a similar admixture
a higher concentration of corticosteroid could be obtained using dexamethasone-21-sodium phosphate versus
methylprednisolone-21-sodium succinate and a higher concentration of dexamethasone-21-sodium phosphate could be
obtained without incompatibility using Decadron® Pack versus Decadron®. The admixtures for which the stability
was evaluated were stable for 28 days (> 95% of the initial concentration). None of these admixtures showed any
visual changes during storage, except for some of the admixtures prepared using undiluted Decadron®, in which small
crystals were seen after 1-28 days. The initial pH of the admixtures ranged from 3.99 to 6.06 and varied less than
0.10 during storage. The initial osmolality of the admixtures ranged from 170 to 323 mOsm/kg and remained almost
constant during storage. © 1999 Elsevier Science B.V. All rights reserved.
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1. Introduction

Terminally ill cancer patients commonly suffer
from several symptoms at the same time, such as
pain, nausea and anxiety (Vianio et al., 1996). To
treat the severe pain, morphine remains the opioid
of first choice (WHO, 1990). Adjuvant drugs fre-
quently used are anti-emetics, anxiolytics and cor-
ticosteroids. Haloperidol is commonly added to
morphine infusions in order to reduce the opioid
induced nausea, and is well-tolerated when in-
fused subcutaneously (Twycross, 1986; Storey et
al., 1990). To treat anxiety, restlessness and agita-
tion, subcutaneous infusion of midazolam has
been found a safe and effective treatment (De
Sousa and Jepson, 1988; Amesburry and Dunphy,
1989; Bottomley and Hanks, 1990; Burke et al.,
1991). Corticosteroids seem to be beneficial for
the treatment of pain (especially pain due to
invasion of nerves or stretching of an organ cap-
sule) and to treat nausea and weakness (Needham
et al., 1992; Twycross, 1992; Watanabe and
Bruera, 1994).

Many patients with advanced disease have
great difficulties in taking drugs orally. In these
patients portable infusion pumps offer the possi-
bility of continuous parenteral drug administra-
tion, which compared to intermittent injections,
give a more constant plasma concentration and is
less painful for the patient (Bruera, 1990; Storey
et al., 1990).

To avoid the use of different intravenous or
subcutaneous needles, it may be beneficial to mix
different drugs in one single infusor. Combination
of morphine hydrochloride with adjuvant drugs in
solutions for subcutaneous infusion is now com-
monplace in palliative care, but is based largely
on anecdotal evidence of drug compatibility and/
or stability, especially the absence of physical
changes. The compatibility of morphine hy-
drochloride with some drugs in binary admixtures
was studied by Vermeire and Remon (1998), but
from daily practice there is a need for additional
research on the compatibility of these drugs in
ternary admixtures.

The aim of this study was to investigate the
compatibility and the stability of ternary admix-
tures of morphine hydrochloride with four drugs

frequently used in palliative care: midazolam,
haloperidol, dexamethasone and methylpred-
nisolone. As the pH and the osmolality might
play a major role in the prevalence of local skin
irritation (Lewis and Hecker, 1985; Fransson and
Espander-Jansson, 1996; Sykes and Oliver, 1987),
both parameters were determined and the influ-
ence of isotonizing agents such as sodium chloride
and dextrose on the compatibility was also
investigated.

2. Materials and methods
2.1. Preparation of the solutions

Morphine hydrochloride solutions (max. 50
mg/ml) were prepared from morphine hydrochlo-
ride powder (Belgopia, Louvain-la-Neuve, Bel-
gium). Solutions were prepared in freshly distilled
water or isotonized using either 0.9% sodium
chloride (Baxter, Brussels, Belgium) or 5% dex-
trose solutions (Baxter, Brussels, Belgium). To
obtain isotonic morphine hydrochloride solutions
in a concentration of 10, 20, 30, 40 and 50 mg/ml
the morphine hydrochloride powder was dissolved
in a mixture containing 85.6, 71.2, 56.8, 42.5 and
28.0% (v/v) dextrose 5% or sodium chloride 0.9%
in water, respectively as described by Vermeire
and Remon (1997). Midazolam hydrochloride so-
lutions were prepared from Dormicum® (Roche,
Brussels, Belgium) containing midazolam (5 mg/
ml), sodium chloride, hydrochloric acid, sodium
hydroxide ad pH 3.3 and water for injection.
Haloperidol lactate solutions were prepared using
Haldol® (Janssen Cilag, Berchem, Belgium) con-
taining haloperidol (5 mg/ml), lactic acid and
water for injection.

Methylprednisolone-21-sodium succinate solu-
tions were prepared using the lyophilized powder
from the Solu-Medrol® vial (Solu-Medrol®, 1 g,
Pharmacia & Upjohn, Brussels, Belgium) contain-
ing 67.57% methylprednisolone as methylpred-
nisolone-21-sodium succinate, monosodium
phosphate monohydrate and disodium phosphate.
The maximal concentration of methylpred-
nisolone-21-sodium succinate that could be dis-
solved in water was equivalent to 100 mg/ml
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methylprednisolone. Dexamethasone-21-sodium
phosphate  solutions were prepared from
Decadron® (Merck Sharp & Dohme, Brussels,
Belgium) containing 3.33 mg/ml dexamethasone
(equivalent to 4 mg/ml dexamethasone phosphate)
as dexamethasone-21-sodium phosphate and
Decadron® Pack (Merck Sharp & Dohme, Brus-
sels, Belgium) containing 20 mg/ml dexam-
ethasone as dexamethasone-21-sodium phosphate.
Both dexamethasone solutions contain creatinine
(8 mg/ml), methylparaben (1.5 mg/ml), propyl-
paraben (0.2 mg/ml), sodium citrate (10 mg/ml),
sodium bisulfite (I mg/ml) and sodium hydroxide
(ad pH 7-8.5). Next to the above mentioned
additives in Decadron® Pack disodium edetate
(0.5 mg/ml) is present as an additive (Trissel et al.,
1992).

2.2. Compatibility study

To determine the compatibility of morphine
hydrochloride in ternary admixtures with the dif-
ferent drug solutions tested the following strategy
was used. The ratio in which admixtures were
prepared ranged from morphine hydrochloride
solution (D,)/drug solution secondly added (D,)/
drug solution thirdly added (D5): 10/1/1 to 10/1/
10 (v/v/v). Admixtures were prepared with mor-
phine  hydrochloride  solutions in  five
concentrations (10, 20, 30, 40 and 50 mg/ml) and
the drug solutions at two concentrations (maximal
concentration available or soluble and its dilution
1/5 (v/v) (for methylprednisolone diluted to 5
mg/ml). Admixtures were prepared using either
both drug solutions (D, and D;) at maximal con-
centration or both diluted 1/5 (v/v) in water or
one (D, or D) undiluted and the other (D, and
D) diluted. For the evaluation of the influence of
the order of mixing on the compatibility either the
corticosteroid solution (dexamethasone-21-
sodium phosphate or methylprednisolone-21-
sodium succinate) was added as the second drug
and the haloperidol or midazolam solution as the
third drug or vice versa. In order to determine the
influence of isotonization of the morphine hy-
drochloride solutions and the isotonization agent
used on the compatibility all admixtures were
prepared using the morphine hydrochloride solu-

tions prepared in water and isotonized with
sodium chloride and dextrose.

For the preparation of the admixtures 5 ml of
the morphine hydrochloride solution were added
to a borosilicate tube. Then 0.5 ml of D, was
added and the admixture was gently shaken. Con-
sequently the required volume of D, was added,
the admixture was gently shaken and inspected
visually. The compatibility was evaluated by vi-
sual inspection of the admixtures immediately af-
ter preparation and daily during storage for 1
week at 22°C and protected from light. In a first
screening all admixtures were prepared only once.
Afterwards the admixtures were prepared again in
duplicate in order to determine more precisely the
compatibility limits. An admixture was considered
compatible if no physical change was noticed
during this week for any of the three admixtures.

2.3. Stability study

The stability was evaluated for compatible ad-
mixtures in which the concentration of the three
drugs is above the minimal effective concentration
for subcutaneous administration at an infusion
rate of 1 ml/h. The minimally effective doses for
the different drugs were obtained from daily prac-
tice and literature data (Twycross, 1986; Bottom-
ley and Hanks, 1990; Needham et al., 1992;
Clément and Schrooten, 1997) and are 2 mg/day
for haloperidol and midazolam, 1.5 mg/day for
dexamethasone and 8 mg/day for methyl-
prednisolone.

The stability was only studied for the following
admixtures: admixtures with the undiluted drug
solutions prepared in a ratio D,/D,/D5:10/1/1 (v/
v/v) and admixtures with the diluted drug solu-
tions prepared in a ratio D,/D,/D5:10/1/10 (v/v/v).
The stability of compatible admixtures prepared
using one of both drug solutions undiluted and
the other drug solution diluted, was not evalu-
ated. The stability study was only performed for
admixtures prepared using morphine hydrochlo-
ride solutions at two concentrations (10 and 50
mg/ml) isotonized with dextrose.

For the stability study the admixtures were
prepared under aseptic conditions using sterile
drug solutions: the morphine hydrochloride solu-
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tions were sterilized by filtration (Minisart
NML, 0.22 pum, Sartdrius, Gottingen, Germany),
commercially available sterile drug solutions
were diluted in sterile water and the sterile Solu-
Medrol® powder was dissolved in water for in-
jection. The admixtures were prepared by
adding the drug solution to the morphine hy-
drochloride solution in the order indicated, filled
in sterile borosilicate tubes (Corning glassware,
Novolab, Belgium) and closed with polyethylene
caps (Bottger, Bodenmais, Germany). In order
to eliminate any influence of oxygen on the sta-
bility of the solutions, the tubes were gassed
with sterile N, for 30 s. before closing.

All tubes were stored at 22°C and protected
from light for 28 days. Samples were taken im-
mediately and 1, 3, 7, 14 and 28 days after
preparation and evaluated visually for any
changes. The samples were stored at —20°C
prior to analysis. High performance liquid chro-
matography (HPLC) analysis was done at each
sampling point, the pH and osmolality were
measured immediately after preparation and at
the end of the storage period. The pH was mea-
sured using a Consort pH-meter (P601, Consort,
Turnhout, Belgium), osmolality measurements
were performed using an osmometer (Type M,
measuring cell 150 pl, Knauer, Berlin, Ger-
many).

For the determination of the stability of the
drugs present in the admixtures the stability in-
dicating validated HPLC assays described by
Vermeire and Remon (1998) were evaluated for
their suitability. The assay for the stability de-
termination of morphine allowed quantification
of morphine as well as of its degradation prod-
ucts, namely pseudomorphine (MacFarlan
Smith, Edinburgh, UK), morphine-N-oxide
(MacFarlan Smith, Edinburgh, UK) and apo-
morphine (as the hydrochloride salt; Sigma-
Aldrich, Bornem, Belgium). For the stability of
midazolam only midazolam was quantified. Its
main fotodegradation products, N-desalkylflu-
razepam, 6-(8-chloro-1-methyl-4,5-dihydro-2,
5,10b - tri - azabenzo [e]azu - len - 6 - ylidene)cyclo-
hexa2,4-dienone, 6-chl-oro-2-methyl-4-(2-fluoro-

phenyl)quinazoline and 6-chloro-2-methyl-4(1H)-
quinazolinone (Pharmaceutical Chemistry Divi-
sion, Department of Pharmacy, University of
Helsinki, Finland) were only identified because
of the insufficient amount available. The occur-
rence of any other possible degradation products
was checked by visual inspection of the chro-
matogram. The HPLC assay for the evaluation
of the stability of haloperidol was shown to be
stability indicating, but no degradation products
were identified. In order to evaluate the stability
of haloperidol, the drug concentration was de-
termined and the chromatograms were inspected
visually for any additional peaks. Using the sta-
bility indicating assay for dexamethasone-21-
sodium phosphate, the parent drug as well as its
main degradation product, dexamethasone were
quantified. For none of the drugs or their
degradation products any interference with the
other compounds in the admixtures was present
(Figs. 1-4). For all HPLC determinations the
following chromatographic equipment was used:
an isocratic pump (L-7100, Lachrom, Merck,
Overijse, Belgium), a variable wavelenght detec-
tor (UV 2000, Spectra System, Thermo Separa-
tion Products, Wilrijk, Belgium) and an
autoinjector (Autoinjector 234, Gilson, Analis,
Gent, Belgium) with an electrically actuated
Rheodyne valve (Type 7010, Analis, Gent, Bel-
gium) fitted with a 20 pl sample loop.

All HPLC determinations were performed
only once. The purity of the quantified drug
substance peaks in the admixtures stored for 28
days was checked by diode array detection
(DAD) analysis (Hewlet Packard, 1040A HPLC
detection system) and indicated no interference
from the degradation products or the other sub-
stances present in the admixtures.

For the evaluation of the stability the concen-
tration of the parent drugs was expressed as
the percentage of the initial drug concentration
and the concentration of the degradation
products was expressed as the percentage of the
total drug concentration (concentration of
parent drug+ concentration of degradation
product(s)).
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3. Results

3.1. Compatibility of morphine hydrochloride with
midazolam hydrochloride or haloperidol lactate and
dexamethasone-21-sodium phosphate or methyl-
prednisolone-21-sodium succinate

The compatibility of all ternary admixtures is
summarized in Tables 1-4 and Figs. 5 and 6.

The results of the compatibility study with
methylprednisolone-21-sodium succinate at con-
centrations above 15 mg/ml are not shown here as
using these concentrated solutions incompatibility
was observed at all ratios tested.

From Tables 1-4 it can be noticed that, as
expected, higher ratios were compatible for the
admixtures prepared with one or both drug solu-
tions diluted 1/5 (v/v) in water than with the
undiluted drug solutions. The maximal ratio in
which a compatible admixture was obtained in-
creased with increasing morphine hydrochloride
concentration, except for the admixtures with the
undiluted dexamethasone-21-sodium phosphate
solution added thirdly. There was no influence of
the solvent used to prepare the morphine hy-
drochloride solution on the compatibility. When
comparing the compatibility of the admixtures
prepared in a ratio D,/D,/D5:10/1/1 (v/v/v) with
the same composition, but with a different order

of mixing no differences in compatibility were
observed. When for all drug combinations the
maximal compatible concentration of corticos-
teroid in the admixtures prepared using methyl-
prednisolone-21-sodium succinate solutions versus
dexamethasone-21-sodium phosphate solutions
were compared, admixtures with higher corticos-
teroid concentrations could be prepared using the
dexamethasone-21-sodium phosphate solutions.

When comparing the maximal compatible con-
centration of dexamethasone-21-sodium phos-
phate in the ternary admixtures prepared using
Decadron® with those prepared using Decadron®
Pack, higher concentrations of dexamethasone-21-
sodium phosphate could be obtained without in-
compatibility problems using Decadron® Pack
only (Fig. 5).

3.2. Stability of ternary admixtures of morphine
hydrochloride with midazolam hydrochloride or
haloperidol lactate and dexamethasone-21-sodium
phosphate or methylprednisolone-21-sodium
succinate

The composition of the compatible admixtures
for which the stability was evaluated is shown in
Tables 5 and 6. The stability of admixtures with
methylprednisolone was not studied because for
only a few of the compatible admixtures with

Fig. 1. Chromatograms of: (a) a mixture containing 1000 pg/ml morphine hydrochloride (II), 10 pg/ml morphine-N-oxide (I), 10
pg/ml pseudomorphine (III) and 5 pg/ml apomorphine hydrochloride (IV); (b) midazolam (2 pg/ml) and its degradation products;
(c) Haldol® diluted in water to a concentration of 100 pg/ml haloperidol stored for 28 days at 60°C; and (d) Decadron® Pack diluted
in water to a concentration of 100 pg/ml dexamethasone stored for 28 days at 22°C injected under optimal chromatographic
conditions used for the quantification of morphine and its degradation products.

Fig. 2. Chromatograms of: (a) midazolam (III) (2 pg/ml) and its degradation products (I = 6-chloro-2-methyl-4(1H)-quinazolinone
(2 pg/ml), II = N-desalkylflurazepam (0.2 pg/ml), IV = 6-(8-chloro-1-methyl-4,5-dihydro-2,5,10b-tri-azabenzo[e] azulen-6-yli-
dene)cyclohexa-2,4-dienone (concentration unknown) and V = 6-chloro-2-methyl-4-(2-fluorophenyl)quinazoline (concentration un-
known); (b) a solution containing morphine hydrochloride (1000 pg/ml) and its degradation products; and (c) Decadron® Pack
diluted to a concentration of 100 pg/ml dexamethasone (as the sodium phosphate salt) stored for 28 days at 22°C injected under
optimal chromatographic conditions used for the determination of the stability of midazolam.

Fig. 3. Chromatograms of: (a) Haldol® diluted to 100 ug/ml haloperidol (I); (b) a solution containing morphine hydrochloride (1000
pg/ml) and its degradation products; and (c) Decadron® Pack diluted to a concentration of 100 g/ml dexamethasone (as the sodium
phosphate salt) stored for 28 days at 22°C injected under optimal chromatographic conditions used for the quantification of
haloperidol.

Fig. 4. Chromatograms of: (a) Decadron® Pack diluted in water to 100 pg/ml dexamethasone as dexamethasone-21-sodium
phosphate (I = dexamethasone-21-sodium phosphate, II = dexamethasone, III = methylparaben and IV = propylparaben); (b) a
solution containing morphine hydrochloride (1000 pg/ml) and its degradation products; (c) midazolam (2 pg/ml) and its degradation
products; and (d) Haldol® diluted in water to a concentration of 100 pg/ml haloperidol stored for 28 days at 60°C injected under
optimal chromatographic conditions used for the determination of the stability of dexamethasone-21-sodium phosphate.
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Table 1

Maximal ratio D,/D,/D5 (v/v/v) in which morphine hydrochloride is compatible with midazolam hydrochloride (Dormicum®) and

dexamethasone-21-sodium phosphate (Decadron® and Decadron® Pack) for 7 days at 22°C when prepared as described

2nd drug solution added 3rd drug solution added

Morphine hydrochloride (mg/ml)

10 20 30 40 50
Decadron® Dormicum® —a - 10/1/1 10/1/2 10/1/2
Dormicum® (1/5) 10/1/2 10/1/3 10/1/4 10/1/5 10/1/6
Decadron® (1/5) Dormicum® 10/1/10°  10/1/10°  10/1/10°  10/1/10>  10/1/10°
Dormicum® (1/5) 10/1/10°  10/1/10°  10/1/10°  10/1/10>  10/1/10°
Decadron® Pack Dormicum® - - - - -
Dormicum® (1/5) 5
icum® (1/ 10/1/2 10/1/3 10/1/4 10/1/ 10/1/6
Decadron® Pack (1/5) Dormicum® 10/1/10 10/1/10 10/1/10 10/1/10 10/1/10
Dormicum® (1/5)
icum® (1/ 10/1/10 10/1/10 10/1/10 10/1/10 10/1/10
Dormicum® Decadron® - - 10/1/1 10/1/1 10/1/1
Decadron™ 5 5 7
dron® (1/5) 10/1/2 10/1/3 10/1/4 10/1/ 10/1/
Dormicum® (1/5) Decadron® 10/1/1 10/1/1 10/1/1 10/1/1 10/1/1
Decadron® (1/5) 10/1/10°  10/1/10°  10/1/10°  10/1/10>  10/1/10°
Dormicum® Decadron® Pack 10/1/1 10/1/1 10/1/1 10/1/1 10/1/1
Decadron® Pack (1/5) 10/1/10°  10/1/10°  10/1/10°  10/1/10>  10/1/10°

# (—) Incompatible at all ratios evaluated.

® Resulted in admixtures for which the concentration of dexamethasone-21-sodium phosphate or midazolam hydrochloride are
below the minimal therapeutic concentration and for which the maximal ratio resulting in effective concentrations of these drugs is

D,/Dy/D:10/1/1 (v/v/v).

methylprednisolone the concentration of methyl-
prednisolone (as the 21-sodium succinate salt) and/
or that of midazolam or haloperidol was above the
minimally effective concentration to allow ade-
quate symptom control when administered at an
infusion rate of 1 ml/h. Moreover, methylpred-
nisolone-21-sodium succinate is reported to de-
grade rapidly as a function of time (Nahata et al.,
1994 Vermeire and Remon, 1998).

No visual change was noticed during storage for
any of the admixtures studied except for some of
the admixtures with undiluted Decadron® in which
small crystals were formed on the bottom of the
tubes after a storage period ranging from 1 to 28
days. Further investigation of this late crystalliza-
tion showed that the formation of these crystals
depended on small changes of the ambient temper-
ature and the presence of dust in the solutions,
acting as crystallization seeds.

The concentration of the parent drug, the pH and
the osmolality of the admixtures containing mor-
phine hydrochloride, midazolam hydrochloride or
haloperidol lactate and dexamethasone-21-sodium
phosphate recorded during storage for 28 days at

22°C and protected from light are shown in Tables
5 and 6. The concentration of midazolam and
haloperidol remained in all admixtures above 96
and 98% of the initial concentration, respectively.
No degradation products of midazolam and
haloperidol were detected in any of the admixtures.
Dexamethasone-21-sodium phosphate also showed
an excellent stability ( > 97% of the initial concen-
tration) in all admixtures studied. No degradation
products of dexamethasone-21-sodium phosphate
were present in any of the admixtures, except
dexamethasone. This was confirmed by the fact
that the concentration of dexamethasone-21-
sodium phosphate in these formulations decreased
to the same extent as the increase in dexamethasone
concentration. Little chemical loss of morphine
occurred in all admixtures evaluated. Pseudomor-
phine and morphine-N-oxide, two degradation
products of morphine, were always observed but
their concentration remained below 0.5% of the
total morphine concentration during the entire
period studied. Apomorphine was not detected in
any of the admixtures studied.

The initial pH of the admixtures prepared using
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Table 2

Maximal ratio D,/D,/D; (v/v/v) in which morphine hydrochloride is compatible with haloperidol lactate (Haldol®) and dexam-
ethasone-21-sodium phosphate (Decadron® and Decadron® Pack) for 7 days at 22°C when prepared as described

2nd drug solution added 3rd drug solution added

Morphine hydrochloride (mg/ml)

10 20 30 40 50
Decadron® Haldol® 10/1/1 10/1/2 10/1/3 10/1/4 10/1/4
Haldol® (1/5) 10/1/10 10/1/10 10/1/410  10/1/10 10/1/10
Decadron® (1/5) Haldol® 10/1/10°  10/1/10*  10/1/10*°  10/1/10°  10/1/10°
Haldol® (1/5) 10/1/10°  10/1/10°  10/1/10*  10/1/10°  10/1/10°
Decadron® Pack Haldol® b - - - -
Haldol® (1/5) 10/1/1 10/1/1 10/1/1 10/1/1 10/1/2
Decadron® Pack (1/5) Haldol® - - - 10/1/1 10/1/2
Haldol® (1/5) 10/1/10 10/1/10 10/1/10 10/1/10 10/1/10
Haldol® Decadron® 10/1/1 10/1/1 10/1/1 10/1/1 10/1/1
Decadron® (1/5) 10/1/10 10/1/10 10/1/10 10/1/10 10/1/10
Haldol® (1/5) Decadron® 10/1/1 10/1/1 10/1/1 10/1/1 10/1/1
Decadron® (1/5) 10/1/10°  10/1/10°  10/1/10*  10/1/10°  10/1/10°
Haldol® Decadron® Pack - - - - -
Decadron® Pack (1/5) - - - 10/1/1 10/1/2
Haldol® (1/5) Decadron® Pack 10/1/1 10/1/1 10/1/1 10/1/1 10/1/1
Decadron® Pack (1/5) 10/1/10°  10/1/10°  10/1/10*  10/1/10°  10/1/10°

* Resulted in admixtures for which the concentration of dexamethasone-21-sodium phosphate or haloperidol lactate are below the
minimal therapeutic concentration and for which the maximal ratio resulting in effective concentrations of these drugs is

D, /D,[Dy:10/1/1 (v/v/v)
() Incompatible at all ratios evaluated.

the undiluted drug solutions ranged from 5.48 to
6.06 and varied by less than 0.1 during storage. The
pH of the admixtures prepared using the diluted
drug solutions ranged from 3.99 to 5.83 and varied
not more than 0.05 over the study period. The
initial osmolality of the admixtures with the undi-
luted drug and corticosteroid solutions ranged
from 308 to 323 mOsm/kg and that of the admix-
tures with the diluted drug solutions ranged from
170 to 189 mOsm/kg. In all admixtures the osmo-
lality remained almost constant during storage.

4. Discussion

The subcutaneous infusion of drugs by a syringe
driver provides major benefits in palliative care,
allowing comfortable parenteral treatment of pain
and other symptoms frequently occurring in termi-
nally ill cancer patients. In many cases, combina-
tions of drugs are administered, resulting in
possible drug incompatibility or loss of stability.

Incompeatibility might cause drug precipitation or
crystallization resulting in the blockage of the
cannula, skin irritation and poor absorption. The
compatibility and the stability of binary admixtures
of morphine hydrochloride with some drugs fre-
quently used in palliative care was investigated
(Vermeire and Remon, 1998), but these data do not
give any information on the compatibility of these
drugs in a ternary admixture with morphine hy-
drochloride and another drug. In daily practice
ternary admixtures of morphine with a corticos-
teroid and another adjuvant drug are frequently
prescribed. Therefore in this study the compatibil-
ity and the stability of ternary admixtures of
morphine hydrochloride with Dormicum® or Hal-
dol® and Decadron® (Pack) or Solu-Medrol, was
investigated.

It should be emphasized that the results of the
compatibility study are based on evaluation of the
admixtures at a temperature of 22 + 2°C during 1
week after their preparation. Small changes in
temperature might significantly influence the com-
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Table 3

Maximal ratio D,/D,/D5 (v/v/v) in which morphine hydrochloride is compatible with midazolam hydrochloride (Dormicum®) and
methylprednisolone-21-sodium succinate (Solu-Medrol®) for 7 days at 22°C when prepared as described

2nd drug solution added 3rd drug solution added Morphine hydrochloride (mg/ml)
10 20 30 40 50
Methylprednisolone (15 mg/ml) Dormicum® -2 - - - -
Dormicum® (1/5) - - 10/1/1 10/1/1 10/1/2
Methylprednisolone (5 mg/ml) Dormicum® - - 10/1/1 10/1/1 10/1/2
Dormicum® (1/5) 10/1/10°  10/1/10°  10/1/10®  10/1/10>  10/1/10°
Dormicum® Methylprednisolone (15 mg/ml) - - - - -
Methylprednisolone (5 mg/ml) - - 10/1/1 10/1/1 10/1/2
Dormicum® (1/5) Methylprednisolone (15 mg/ml) 10/1/1 10/1/1 10/1/2¢

Methylprednisolone (5 mg/ml)

10/1/10°  10/1/10°  10/1/10°  10/1/10°  10/1/10°

# (-) Incompatible at all ratios evaluated.

b Resulted in admixtures for which the concentration of methylprednisolone-21-sodium succinate is below the minimal
therapeutic concentration and for which the maximal ratio resulting in an effective concentration of the drug is D,/D,/D;:10/1/4

v/v/v).

¢ Resulted in admixtures for which the concentration of midazolam hydrochloride is below the minimal therapeutic concentration
and for which the maximal ratio resulting in an effective concentration of the drug is D,/D,/D5:10/1/1 (v/v/v).

patibility, and visual inspection is thus recom-
mended. Immediately after preparation larger
concentrations seemed compatible, but after some
days small suspected particles were observed. Late
crystallization was also observed in binary admix-
tures of these drugs (Vermeire and Remon, 1998).

It should also be stressed that the compatibility
limits presented here are only valid for the admix-
tures prepared as indicated. Although there was
no influence of the order of mixing on the com-
patibility of admixtures prepared in a ratio D,/D,/
D5:10/1/1 (v/v/v), this does not imply that the
order of mixing can be inverted without compati-
bility problems for admixtures prepared in an-
other ratio. Methods of preparation which are not
mentioned are not evaluated and could cause
precipitation within the compatibility limits
indicated.

From the compatibility data (Tables 3 and 4
and Fig. 6) it is clear that for only few of the
compatible admixtures with methylprednisolone-
21-sodium succinate the final concentration of
methylprednisolone-21-sodium succinate and/or
that of haloperidol or midazolam was sufficiently
high to obtain adequate symptom control when
using an infusion rate of 1 ml/h. For the admix-
tures with both dexamethasone-21-sodium phos-

phate solutions it was possible to prepare
compatible admixtures within the therapeutic
range used in palliative care for most of the
combinations tested (Tables 1 and 2 and Fig. 5).
Therefore if a corticosteroid is needed in combi-
nation with morphine hydrochloride and midazo-
lam hydrochloride or haloperidol lactate,
dexamethasone-21-sodium phosphate should be
preferred.

As for the compatibility of both dexam-
ethasone-21-sodium phosphate solutions in binary
admixtures (Vermeire and Remon, 1998) the max-
imal compatible concentration of dexamethasone-
21-sodium phosphate was higher in the ternary
admixtures prepared using Decadron® Pack ver-
sus Decadron® (Fig. 5). Thus if high concentra-
tions of corticosteroid are needed Decadron®
Pack should be preferred over Decadron® because
of its compatibility over a higher concentration
range.

For most of the admixtures the maximal drug
concentration resulting in a compatible ternary
admixture was lower than the maximal compat-
ible concentration in a binary admixture with
morphine hydrochloride alone (Vermeire and Re-
mon, 1998). This suggested that in most cases the
incompatibility observed in the ternary admix-
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Table 4

Maximal ratio D,/D,/D5 (v/v/v) in which morphine hydrochloride is compatible with haloperidol lactate (Haldol®) and methylpred-
nisolone-21-sodium succinate (Solu-Medrol®) for 7 days at 22°C when prepared as described

2nd drug solution added 3rd drug solution added

Morphine hydrochloride (mg/ml)

10 20 30 40 50

Methylprednisolone (15 mg/ml) Haldol® -2 - - _ _

Haldol® (1/5) - _ _ _ _

Methylprednisolone (5 mg/ml) Haldol® — - - _ _
Haldol® (1/5) 10/1/1 10/1/1 10/1/1 10/1/2 10/1/2

Haldol® Methylprednisolone (15 mg/ml) - - - - —

Methylprednisolone (5 mg/ml) - - - - -

Haldol® (1/5) Methylprednisolone (15 mg/ml) - - - - —
Methylprednisolone (5 mg/ml) 10/1/3*  10/1/3*  10/1/3*  10/1/4>  10/1/5®

# (—) Incompatible at all ratios evaluated.

® Resulted in admixtures for which the concentration of haloperidol lactate is below the minimal therapeutic concentration and
for which the maximal ratio resulting in an effective concentration of the drug is D,/D,/D5: 10/1/1 (v/v/v).

tures is due to incompatibility between both ad-
mixed drugs rather than to an incompatibility
with morphine hydrochloride. Additional admix-
tures prepared by mixing either of both corticos-
teroid solutions with the haloperidol or
midazolam solution resulted indeed in a white
precipitate immediately after mixing for the di-
luted (1/5 (v/v) in water) as well as for the undi-
luted drug solutions.

Although one would expect that the maximal
volume of the third drug that can be added with-
out compatibility problems decreased with in-
creasing morphine hydrochloride concentration,
in most of the admixtures the maximal volume of
the third drug solution that could be added in-
creased with increasing concentration of mor-
phine hydrochloride. This could be due to the fact
that morphine interacts with the drug added sec-
ondly which is then less available for interaction
with the drug added thirdly. The fact that for the
admixtures where the undiluted Decadron® solu-
tion was added as the third drug the ratio re-
mained constant can be explained since 1 ml was
the maximal volume compatible with 10 ml of the
morphine hydrochloride solutions at all concen-
trations in binary admixtures (Vermeire and Re-
mon, 1998).

Although it has been shown that isotonized
infusion solutions reduced the prevalence of irrita-
tion (Sykes and Oliver, 1987), in daily practice it

is not possible to optimize the tonicity of each
particular admixture (ratio, drug solution
used,...). Isotonizing the morphine hydrochloride
solutions, however, could partially solve this
problem and can be easily performed. The choice
of the diluent, however, might affect the drug
solubility. In this study the compatibility of mor-
phine hydrochloride solutions prepared in water
was compared with that of morphine hydrochlo-
ride solutions isotonized with sodium chloride
and dextrose. As for the binary admixtures (Ver-
meire and Remon, 1998) there was no influence of
isotonizing the morphine hydrochloride solutions
or the isotonizing agent used on the compatibility
range observed. Therefore isotonization of the
morphine hydrochloride solutions is advisable.
Dextrose is to be preferred as isotonizing agent as
sodium chloride might cause precipitation in some
cases at higher drug concentrations (Outman and
Monolakis, 1991; Fraser and Riker, 1994). For
the stability study morphine hydrochloride solu-
tions were always isotonized with dextrose.
From the osmolality measurements it can be
concluded that the preparation of the admixtures
using isotonized morphine hydrochloride solu-
tions did not result in an isotonic admixture. The
osmolality of the admixtures prepared using undi-
luted drug solutions in a ratio D,/D,/D5:10/1/1
(v/v/v) did not deviate a lot from isotonicity (285
mOsm/kg). For the admixtures prepared using the
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Fig. 5. Concentrations of morphine hydrochloride, dexamethasone (as sodium phosphate salt) and (a) midazolam (as hydrochloride
salt) or (b) haloperidol (as lactate salt) in compatible admixtures prepared using Decadron® green and Decadron® Pack blue and
incompatible admixtures prepared using Decadron® red and Decadron® Pack yellow. The compatible admixtures with the maximal
compatible concentration and the incompatible admixtures with the minimal incompatible admixtures are shown. The arrows

indicate the minimal therapeutic concentration.

Fig. 6. Concentrations of morphine hydrochloride, methylprednisolone (as 21-sodium succinate salt) and (a) midazolam (as
hydrochloride salt) or (b) haloperidol (as lactate salt) in compatible green and incompatible red admixtures. The compatible
admixtures with the maximal compatible concentration of each drug and the incompatible admixtures with the minimal
incompatible concentration of each drug are shown. The arrows indicate the minimal therapeutic concentration.

diluted drug and corticosteroid solutions in a
ratio D,/D,/D5:10/1/10 (v/v/v), however, the os-
molality never increased above 200 mOsm/kg al-
though isotonized morphine hydrochloride
solutions were used. This can be explained by the
low osmolality of the commercially available drug
solutions, the dilution in water and the large
percentage of the diluted solutions in the admix-

tures. These low osmolalities show the importance
of using isotonized morphine hydrochloride solu-
tions. The pH of the admixtures decreased with
increasing volume of haloperidol or midazolam
solution and increased with an increasing volume
of corticosteroid solution in the admixture. The
pH of some of the admixtures was much lower
than the physiological pH. The pH of haloperidol
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lactate, midazolam hydrochloride and morphine
hydrochloride solutions is below the physiological
range and are reported to be well-tolerated when
infused subcutaneously (Bottomley and Hanks,
1990; Bruera, 1990; Storey et al., 1990). The low
pH as well as the low osmotic values of some of
these admixtures, however, are more likely to
cause pain and irritation (Sykes and Oliver, 1987,
Fransson and Espander-Jansson, 1996). Careful
inspection of the infusion site is therefore recom-
mended when administering these admixtures.

Data on the stability of these admixtures would
allow patients to take their medication home for a
longer period of time and it would also permit the
hospital pharmacy to prepare some frequently
prepared admixtures in advance. Therefore, in
this study the stability of some compatible admix-
tures that are therapeutically effective was studied
over a period of 28 days.

Visual evaluation of the admixtures during
storage for 28 days revealed that the admixtures
with diluted Decadron® Pack remained clear for
the entire study period, while in some of the
admixtures prepared using undiluted Decadron®
sometimes a small amount of precipitate oc-
curred. Since even small amounts of precipitate
could block the catheter, visual inspection of these
admixtures is recommended.

All drugs in the admixtures evaluated remained
stable (> 96% of initial concentration) during 28
days storage at 22°C and protected from light.

It can be concluded that under the conditions
tested midazolam hydrochloride or haloperidol
lactate and dexamethasone-21-sodium phosphate
are compatible with morphine hydrochloride, pre-
pared in the three solvents, tested over a dose
range covering those usually prescribed in pallia-
tive care. In the compatible admixtures with
methylprednisolone, however, the concentration
of methylprednisolone-21-sodium succinate and/
or that of midazolam or haloperidol was only
slightly higher than the concentration that al-
lowed to administer a daily dose within the thera-
peutic range. The low pH and osmolality of some
of the admixtures prepared using diluted drug
solutions careful inspection of the infusion site is
advisable. From the stability study it could be
concluded that the admixtures prepared using di-

luted drug and corticosteroid solutions were all
physically stable for 28 days. In the admixtures
prepared using undiluted Decadron® small crys-
tals sometimes occurred on the bottom and thus
visual inspection of these admixtures is recom-
mended. In the admixtures for which the stability
was evaluated over 28 days at 22°C morphine
hydrochloride, midazolam hydrochloride and
haloperidol lactate showed a good stability.
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