Henkel et al. BVIC Anesthesiology (2020) 20:283

https://doi.org/10.1186/512871-020-01194-5 B M C An esth eSiO | Ogy

RESEARCH ARTICLE Open Access

The effect of concentration, reconstitution ®
solution and pH on the stability of a
remifentanil hydrochloride and propofol
admixture for simultaneous co-infusion

Emily Henkel"®, Rebecca Vella', Kieran Behan?, David Austin®, Peter Kruger* and Andrew Fenning'

Check for
updates

Abstract

Background: There are scenarios where pre-mixing and infusing analgesic and anaesthetic agents as a single
intravenous (IV) solution is highly desirable; however, it is important to ensure the agents are compatible when
mixed. As such, the long-term stability of a remifentanil-propofol mixture, and means of improving this, were
assessed across a range of remifentanil concentrations, diluents, and time points.

Methods: Remifentanil was reconstituted with ultrapure water, 0.9% saline, 20% saline, or 8.4% sodium bicarbonate
solution (the latter two chosen for their pH characteristics, rather than their use in pharmaceutical reconstitution)
and then mixed with propofol (1%) or further diluted with water to derive concentrations of 10-50 ugmL™".
Remifentanil and propofol concentrations were determined initially and then periodically for up to 24 h using high
performance liquid chromatography (HPLC). Mass spectrometry (MS) was used to detect degradation products in
solutions containing 30 ug mL™" of remifentanil. Statistical analysis was performed using ANOVA and Student’s t-
test, with a significance value of 0.05.

Results: Isolated remifentanil (pH < 4) and propofol (pH 7.35) did not degrade significantly when reconstituted with
water or saline solution over 24 h, while remifentanil reconstituted with sodium bicarbonate degraded significantly
(P <0.001, pH 8.65). Mixing with propofol substantially increased the pH of the mixture and resulted in significant
remifentanil degradation for all reconstitution solutions used, while propofol remained stable (pH 6.50). The amount
of degradation product detected in samples containing isolated remifentanil and a mixture of the drugs was
proportional to the remifentanil degradation observed.

Conclusions: Remifentanil stability is affected by both the reconstitution solution used and when mixed with
propofol, with pH appearing to be a contributing factor to degradation. If the pH of the solution and concentration
of remifentanil are correctly controlled, e.g. through the use of a more acidic diluent, an admixture of remifentanil
and propofol may be useful clinically.
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Background

Optimisation of both analgesia and sedation is vital to
ensure adequate pain control, minimise agitation and
anxiety, facilitate patient compliance for mechanical ven-
tilation or diagnostic interventions, and provide patient
comfort [1]. Most patients receiving invasive ventilation
are on several continuous infusions, often achieved using
separate or multi-channel infusion pumps, IV connec-
tors, and/or multi-lumen catheters [2]. Even in well-
equipped hospital settings (e.g. intensive care units) this
can be a complex undertaking, with numerous potential
correlated patient safety risks such as separate drugs
running at incorrect infusion rates and required medica-
tions being connected to the infusion system but not
administered to the patient [3]. However, there are sce-
narios outside of a sophisticated medical facility environ-
ment where the availability of specialised equipment
may be limited, or many patients must be attended to
within a short schedule. This can include those in rural
or remote locations, a busy ambulatory surgery centre or
office practice, or military medical personnel attending
to wounded soldiers in harsh environments [4, 5]. In all
instances, it may be advantageous to pre-mix infusion
agents and administer them via a simplified, single IV in-
fusion. The kinetics of such infusions is not always well-
understood.

Remifentanil is a highly potent analgesic agent. It is an
ultra-short-acting mu-opioid receptor agonist that
undergoes organ independent metabolism by blood and
non-specific tissue esterases, forming an inactive metab-
olite [6, 7]. It has a rapid onset of effect, with maximum
ventilatory depression occurring approximately 2—3 min
following administration of an initial bolus [8]. The
context sensitive half-life (the time taken for blood con-
centration to decrease by 50% following termination of a
continuous infusion that maintained a steady-state con-
centration) is around 3 min even after prolonged infu-
sions, with no significant drug accumulation [9, 10].
This is a point of difference from other commonly used
analgesic agents, where the duration of infusion or renal
impairment may impact on duration of effect. This phar-
macokinetic profile may be clinically advantageous in a
variety of patients.

Propofol is a commonly-used short-acting sedative
agent with rapid onset of anaesthesia (only a few sec-
onds), duration of effect (3—5min), and recovery [11].
The mechanism of action is via positive modulation of
the inhibitory function of the gamma-aminobutyric acid
(GABA) neurotransmitter through GABA, receptors
[12]. Using a combination of remifentanil and propofol
can offer several advantages in a clinical setting [13, 14].
The short duration of pharmacological action shared by
remifentanil and propofol may allow for improved con-
trol over pain and anaesthesia management and afford
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faster recovery for patients, while the synergistic rela-
tionship exhibited when the drugs are co-administered
reduces remifentanil and propofol requirements [4, 14].

Manufacturers of remifentanil advise against mixing
with propofol; however, further explanation is not pro-
vided. The utility of a remifentanil-propofol admixture
has already been explored in areas such as radiation
therapy, dental extraction, and paediatric and elective
outpatient surgeries, while a current clinical trial is in-
vestigating the use of a remifentanil-propofol mixture
for breast cancer surgery [4, 15-19]. Previous studies
have concluded that while simultaneous infusion re-
moved the ability to selectively control the use of each
drug, it resulted in decreased incidences of procedural
respiratory depression and patient recovery time [18,
19]. Furthermore, when mixed with propofol, remifenta-
nil has been found to inhibit the bacterial growth that
readily occurs within the lipid emulsion, possibly due to
its glycine excipient and low pH [20, 21].

When admixing remifentanil and propofol for simul-
taneous infusion, it is crucial to understand their com-
patibility from a chemical perspective, including the
effect of any interactions on stability and efficacy. If deg-
radation unknowingly occurs, an unpredictable response
may arise and patient care may be compromised. Re-
search in this area could potentially lead to methods of
improving the stability of the mixture and ensure its
safety and effectiveness, in addition to providing avenues
for the use of other combinations of opiate agonists and
short-acting anaesthetics. As propofol is an opaque li-
quid, it is difficult to detect incompatibility or any
changes in solution stability through visual assessment
alone. In addition, the organ-independent metabolism of
remifentanil combined with its short duration of effect
mandate careful evaluation of stability of the parent
compound in any mixture or co-infusion.

Previous studies have, to different degrees, consid-
ered factors such as the storage vessel and drug
concentration when exploring the stability of a remi-
fentanil and propofol mixture; most investigations
include admixtures containing two or three concen-
trations of remifentanil and/or propofol that are
stored in polyvinyl chloride and propylene vessels [22,
23]. For mixtures of remifentanil and propofol specif-
ically, there are a lack of studies investigating a var-
iety of remifentanil concentrations, the impact of
mixing on both remifentanil and propofol concentra-
tion, and how manipulating solution pH (through the
use of different remifentanil reconstitution mediums)
affects the stability of the mixture. pH is of particular
importance for a combination of remifentanil and
propofol as remifentanil is believed to undergo rapid
hydrolysis when exposed to a pH range of 7-7.5 [21].
After reconstitution with water, remifentanil has a pH
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of 3.0 [24]. In comparison, propofol can have a pH
ranging from 6 to 8.5 [25].

The aim of this study was to determine the stability of
both remifentanil and propofol solutions, alone and in
combination, when stored in glass over 24 h, and ascer-
tain if drug concentration, diluent used, or pH could be
altered to improve their stability from a pharmaceutic
perspective. This could indicate if remifentanil and pro-
pofol are compatible to be pre-mixed and infused as a
single intravenous solution.

Methods

Materials and reagents

Remifentanil hydrochloride (“Ultiva for Injection” from
GlaxoSmithKline Australia Pty Ltd, Boronia, VIC,
Australia, and “DBL Remifentanil powder for injection”
from Hospira Pty Ltd., Melbourne, VIC, Australia),
Propofol (containing propofol (10mgmL™'), soya oil
(100 mg mL™ 1Y), glycerol (225 mgmL™ "), egg lecithin (12
mgmL~ D, sodium oleate (0.3 mgmL~ 1); “Propofol San-
doz” from Sandoz Pty Ltd., Pyrmont, NSW, Australia, and
“Provive 1%” from Claris Lifesciences (Aust) Pty Limited,
Burwood, NSW, Australia), 0.9% saline solution, 20% sa-
line solution and 8.4% sodium bicarbonate solution were
all of clinical grade and donated by the Rockhampton
Hospital Pharmacy Department (Rockhampton, QLD,
Australia). Methanol, acetonitrile and ammonium acetate
were purchased from Thermo Fisher Scientific (Scoresby,
VIC, Australia). All chemicals were ACS analytical grade
or HPLC grade. Ultrapure water was prepared by a Milli-
Q° Reference Water Purification System (Merck Millipore,
Bayswater, VIC, Australia).

Instrumentation
All samples were analysed using an Agilent Technologies
1200 series HPLC (Agilent Technologies, Melbourne,
VIC, Australia) equipped with a variable wavelength
diode array detector set at 210 nm and 270 nm for remi-
fentanil and propofol analysis, respectively. The remifen-
tanil protocol used an Agilent Eclipse XDB-C18 column
with dimensions of 150 x 4.6 mm with a particle size of
5 um, and a mobile phase of 75% methanol and 25% 10
mM ammonium acetate (flow rate 1.5mL min~!) [26—
28]. The protocol for propofol analysis used an Agilent
Eclipse XDB-C18 column with dimensions of 250 x 4.6
mm and a particle size of 5 um. The mobile phase con-
sisted of 65% acetonitrile and 35% water with a flow rate
of 2.0 mL min™* [29, 30]. Solution pH was determined
using a Eutech Instruments 700 pH meter (Eutech In-
struments Pte Ltd., Singapore). Subsequent assays were
performed on the same samples at 1, 2, 3, 4, 6, 12 and
24 h following preparation.

For HPLC-MS analysis, a Prominence HPLC system
(Shimadzu Scientific Instruments, Rydalmere, NSW,
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Australia) coupled to an API3200 LC-MS/MS mass
spectrometer (Applied Biosystems/MDS  Analytical
Technologies/SCIEX, Mt Waverley, VIC, Australia) was
utilised. Separation was achieved using an Agilent Zor-
bax SB C18 column with dimensions of 150 x 4.6 mm
and a particle size of 5um, and a mobile phase of 60%
methanol and 40% 10 mM ammonium acetate (flow rate
1.3 mLmin"'). The MS system was run in the positive
ion mode using nitrogen as the desolvation gas.

Sample preparation

Triplicate 5 mg preparations of remifentanil hydrochloride
for injection were reconstituted with 5 mL of either ultra-
pure water, 0.9% saline solution, 20% saline solution, or
8.4% sodium bicarbonate solution (the latter two chosen
for their pH characteristics, rather than their use in
pharmaceutical reconstitution). Samples were then added
to 10mgmL™" propofol for injection (final propofol con-
centration of 9.5mgmL™") or left in isolation by mixing
with ultrapure water to produce a solution with a final
remifentanil concentration of 50 ug mL™ ', This procedure
was repeated to give solutions with final remifentanil con-
centrations of 40, 30, 20 and 10 ugmL™" (final propofol
concentrations of 9.6, 9.7, 9.8 and 9.9 mg mL™ ).

To determine propofol degradation in isolation,
triplicate volumes of 1-5 mL of ultrapure water, 0.9% sa-
line solution and 20% saline solution were added to 10
mgmL~"' propofol for final propofol concentrations of
9.5-9.9mg mL™ ",

Immediately following preparation and pH deter-
mination, the remifentanil and propofol concentration
in each sample was assessed in emulsion using HPLC.
Samples demonstrating significant remifentanil deteri-
oration were analysed further for the presence of deg-
radation products using HPLC-MS. Subsequent assays
were taken 1, 2, 3, 4, 6, 12 and 24 h following prepar-
ation. All samples were stored at room temperature
(22°C - 24°C) between assays, and inverted prior to
aliquot removal to prevent mixture separation and re-
duce the influence of oil droplet flocculation/creaming
[31, 32].

Statistical analysis

Statistical analysis was performed using ANOVA and
Student’s t-test where appropriate, with results deemed
significant when P <0.05 (Prism version 4.02; GraphPad
Software, San Diego, CA, USA).

Results

Remifentanil in isolation

No obvious precipitate was formed in any of the remi-
fentanil solutions over time. Remifentanil in isolation
did not degrade significantly over 24 h when reconsti-
tuted with either water, 0.9% saline solution or 20%
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saline solution; all concentrations contained more than
92% of the original remifentanil after 24 h (Fig. 1). The
pH of these solutions over 24 h were also similar, aver-
aging 3.74, 3.94, and 3.95 for remifentanil reconstituted
with water, 0.9% saline and 20% saline, respectively (see
Additional file 1).

Remifentanil reconstituted with sodium bicarbonate
solution degraded rapidly, with no remifentanil
remaining after 24 h (Fig. 1). Furthermore, compared to
the other reconstitution solutions, sodium bicarbonate
had significant effects on remifentanil degradation (P <
0.01) after only 1h for all concentrations. The pH of the
sodium bicarbonate solutions averaged 8.65 over time
(see Additional file 1).
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Propofol in isolation

Propofol did not degrade significantly over 24 h when in
isolation or after the addition of water, 0.9% saline solu-
tion, or 20% saline solution, with all solutions having
more than 97% of the original propofol remaining after
24h (Table 1). There were no obvious visual signs of
propofol emulsion instability or separation following the
addition of the diluents over the time period tested. The
pH of propofol in isolation and after mixing with water
did not change over 24 h (pH =7.70). These solutions
had a significantly greater pH than propofol mixed with
0.9% saline solution (average pH of 7.40, P <0.0001) and
20% saline solution (average pH of 6.98, P <0.0001)
(Table 1).

10 pg mL™" Remifentanil in Isolation

1201
1101

° P

£ 100 i 2 ¥
T 901 3z "oV : '
£ £ 80 *
=g 701 ¥
o = 601 b
§3 50 by
58 49 b
o "g 301

g 20

€ o

o M M
0 6 12 18 24
Hours
30 ug mL™" Remifentanil in Isolation
1107
) 100 ;—-lﬁ 1—% — y
—g 91 .
ST 801 *
B§ 01
S X 6o S
=
£E 509 .
$L2 309 .
E 20
X 104 T
0 :
0 6 12 18 24
Hours
50 pg mL"! Remifentanil in Isolation
1107 .

g’ R s ¥
- N
S5 80| -

2§ 100

G X 60 :
Q=

2T 509 .
a8 J *

o a=) 40 .
P e 309 *

£ 20

Q -

X 404 *

o %
0 6 12 18 24
Hours

Fig. 1 Percent original remaining for 10 ugmL™", 20 ugmL~", 30 pgmL™", 40 ug mL~ " and 50 ug mL™ " remifentanil reconstituted with water,
0.9% saline, 20% saline and sodium bicarbonate solution and left in isolation over 24 h. Data expressed as mean + SEM, n = 3. *P < 0.01 vs. water,
0.9% saline and 20% saline; *P < 0.04 vs. water; "P < 0.05 vs. 20% saline; **P < 0.05 vs. 0.9% saline and 20% saline

20 pg mL"" Remifentanil in Isolation

1107
=
o 1000 Heag=—+% e 2
£ 901 :
s £ %
& '® 807 "
25 ) ¢
= L.
=
€ S 501 *
§§ 407 N
$2 30
£ 204 :
X 10
ol 3
0 6 12 18 24
Hours

40 pg mL™ Remifentanil in Isolation

ke

100 g 1
b

*
.

*
.

60 :

*
..

Percent Original
B
2 2 S
o

Remifentanil Remaining
g

EEs

?
o

Hours

—a— \\Vater
-=-0.9% Saline
v—20% Saline
+ - Sodium Bicarbonate




Page 5 of 12

(2020) 20:283

Henkel et al. BVIC Anesthesiology

SUOIRIUSIUOD IBYIO [[@ 'SA 00 > d, ¢, TW Bl 0§ "sA 100 > dpf W 611 0€ "SA 200 > d, ¢, 1w Brl 0T "sA 00 > dgf Tw 6oL "SA €00 > de
SUONIN|OS UOIINIISUOD3I JBLIO [[8 'SA SO'0 > d,, ‘UORR|OS! Ul [040doid “SA 1070 > d,, ‘UOIIN|OS BUI|BS 9607 PUR JIBM 'SA £0°0 > d,, ‘UOBN|OS BUI|eS %0T "SA S0°0 > dx
dul[es 9%0T = %0T dUI[eS %60 = %6°0 ‘491eM = M\ ‘UONe|OS] Ul =|

oy gDy by gDy 2v gDy by gDy Dy Dy v gDy v Dy Dy v v v v v
000+ 000+ 000+ CO0+ 100+ 00+ 00O+ ¢00+ LOO+F 00+ 00+ 100+ 00O+ 000+ L00O+ ¢00+ <00+ 00O+ 000+ ¢O00+F
769 /69 769 69 169 569 969 €69 869 869 869 769 102 869 569 0L L0, Y0’/ 0/ 602 %0¢
xqpyv gy Qb vy by 2qby qbvy Xqbyv pTDv D v v v pbvy D v v v pbvy v v v
00+ 00+ 00+ 100+ 00+ 00+ 00+ 00+ 100+ %00+ 00+ 00+ 00+ ¢00+ 00+ Y00+ 00+ 000+ €00+ 100+
0c'L Lcs €L L v/ 9CL Lz [a4 e/ [4YA S¥'/L A 9¢'/ o'/ oL YA A IS 8Y'/ [4°VA S9/L  %6°0
# p # p # p # p
€00+ SO0+ 00+ 00+ €00+ €00+ 00+ 100+ €00+ 00+ 00+ LO0+ 00+ €00+ 00+ LO0F €00+ €00+ €00+ 100+
YASVA 59/ 19/ yASVA 8.1 08’2 YA 0L, 8L S8/ 6L, 9L 18/ €81 8L, v/ 8/, 08’2 Ll 69/ M
000+ 100+ 00+ 100+ 000+ 100+ 00+ I00F 000+ 100+ 00+ 00+ 000+ 100+ 00+ 00+ 000+ 100+ ¢00+ 100+
v/ 9L 0L, 69/ v/ QL[ 0L, 69/ 74 9L'L 0L, 69/ i 74 9L'L 0L, 69/ v/ QL[ 0L, 69, |
(€ = u ‘{3S F ueaw) uonnjos jo Hd
# q# pqb pQgb p # p # p p q p P
L0+ €0+ cl'o+  Slo+ E0+ LEOF 910+ 610+ 880+ €80+ 6S0+ 850+ GO+ ¥CO+ 8O0+ <ClO+ OL0OF 900+ 8Y0+ 6V0+
8/6 6/6 6/6 1'66 6001 €101l 2001 566 066 1’001 8001 186 686 £'66 166 L'00L 1’86 €66 000L 0001 %0¢
q q q # * q « q q P s * P x g« q
900+ 6C0F 8C0F ClO0+F 750+ 090+ 980+ 8/0F <¢ClOF ¥SO0F 680F CE0F €E0OF 6E0F SLOF  LO0OF /LCOF 8lO0F 8Y0F 8YOF
086 1’86 8'86 66 086 616 686 Lol 6/6 566 £001L ol 1'66 S00l 6101 S00l £'86 9'86 766 666 %60
L0+ clo+ Lo+ €lo+ 95l + 69l + 08'l+ 90C+ [@AES G0+ P$S0F OCO+F 8SL+ 8¥l+ 6L+ [CCF YL+ 00C+  LECF 0+
0'86 7’86 /'86 866 7’66 €00l S001L 9101 566 6001 S00L 866 9101 810l ol ol 966 9001 7001 1’10l M
70l + SO'L+ 0L+ 060+ 70l + SO'L+ 0L+ 060+ VOLF SO'L+ 0L+ 060+ VOL+F SOl + €0l + 060+ ¥OL+ SO'L+ €Ol + 060+
0ol 500l L'10l €0l 00l 500l L'1ol €0l 00l 500l L'Lot €0l 00l 500l L'1ot €0l 00l 500l L'Ltot €0l |
(€ = u ‘W3S F ueaw) uone|os| ur Ya| uaym Bulureway [ojodoid Juadid
Yyve yei yo Yyl Yyre yei yo Yyl Yyve yei Yyo yli Yyve yei y9 yl Yyve yei y9 yl
, w br o5 , Jw Br ot , Jw Brl og , 1w b1l og  TwbrioL

UOIIN|OS dUI[BS PUB J31eM UM Pax|u uaym Bujuiewal jojodoid [euibuo sy jo abejuadiad pue Hd | ajqeL



Henkel et al. BVIC Anesthesiology (2020) 20:283

Remifentanil-propofol mixture

There were no obvious visual incompatibilities or signs
of emulsion instability/separation when remifentanil and
propofol were mixed over the time period tested.

Remifentanil showed significant degradation when
mixed with propofol. The percentage of remifentanil
remaining after reconstituting with water or 0.9% saline
and then mixing with propofol decreased by 50-60%
over 24 h, compared to the same remifentanil solutions
in isolation. These solutions also had the highest pH
readings over 24 h, with averages of 6.86 for 0.9% saline-
reconstituted solutions and 6.96 for water-reconstituted
solutions (Table 2). Propofol in these solutions, as well
as those containing remifentanil reconstituted with 20%
saline solution, remained stable, with all solutions having
greater than 96% of the original propofol remaining after
24 h (Table 2).

Concentration did not impact on the stability of
water-reconstituted remifentanil mixed with propofol.
Solutions containing 30 ug mL™ " of remifentanil had sig-
nificantly more propofol than all others after 24 h (P <
0.05), but this difference was only 1.2% greater than the
next highest concentration (Table 2). For remifentanil
reconstituted with 0.9% saline and mixed with propofol,
a concentration of 50 ugmL™' was significantly more
stable (P < 0.01) than every other concentration after 24
h (Table 2), with significant differences (P < 0.03) appar-
ent between 50 ug mL™ ' and 10, 20 and 40 ug mL™ " con-
centrations after 6h. Solutions containing 50 pg mL ™"
remifentanil also had the lowest average pH over 24 h of
6.50. Remifentanil concentration had no statistically sig-
nificant effect on propofol degradation in 0.9% saline
mixtures (Table 2).

Remifentanil reconstituted with 20% saline and mixed
with propofol showed the least degradation compared to
the same remifentanil solutions in isolation, with 46—
60% of the original remaining after 24 h. These solutions
also had significantly lower (P <0.0001) pH readings of
all reconstitution solutions tested, with an overall aver-
age of 6.60 over 24 h (Table 2). Similarly, the 20% saline
mixtures with the most stable remifentanil concentra-
tions also had the lowest average pH over 24 h; solutions
containing 40 and 50 pgmL™ ' of remifentanil were sig-
nificantly more stable (P <0.03) than those with 10, 20
and 30 uygmL ™" from 12 h onwards (Table 2). However,
propofol in mixtures with 30, 40 and 50 ugmL ' of
remifentanil reconstituted with 20% saline solution were
significantly less stable than those containing 10 pg
mL™ ! of remifentanil after 24 h (P < 0.05) (Table 2).

Remifentanil degradation product

A degradation product with an ion weight of 362 Da was
formed over 24h in all samples analysed containing
remifentanil. ~ Solutions containing 30 ugmL ™' of
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remifentanil reconstituted with sodium bicarbonate solu-
tion in isolation produced the highest concentration of
the degradation product (P <0.0001), with 33.7 uyg mL ™"
detectable after 24 h (Fig. 2). Interestingly, this combin-
ation also resulted in the greatest remifentanil degrad-
ation of the samples analysed. Samples containing 30 pug
mL™" of remifentanil in propofol that were reconstituted
with water and 0.9% saline exhibited a similar increase
in the degradation product, with 22.1pgmL ' and
22.0 uyg mL™ " detected after 24 h, respectively. Both solu-
tions contained significantly more degradation product
(P <0.021) than 20% saline-reconstituted solutions, with
19.9 ug mL™ " detected after 24 h (Fig. 2).

Discussion

This study demonstrated that the influence of reconsti-
tution medium, pH and drug concentration is important
for the stability of a remifentanil-propofol solution. The
stability of remifentanil following reconstitution is more
affected by the pH of the reconstitution medium than
the initial remifentanil concentration. Remifentanil
degraded significantly when mixed with propofol. Con-
centration had more of an effect on remifentanil degrad-
ation in the mixture, with greater stability observed at
higher remifentanil concentrations. The initial concen-
tration of remifentanil was also found to impact on pro-
pofol degradation, with less stability observed as the
amount of remifentanil increased. In all cases, however,
the degradation seen appears to be affected by the
influence of initial remifentanil concentration on solu-
tion pH, as solutions containing 50 ug mL™ " of remifen-
tanil had a lower overall pH than those containing 10 pug
mL™! of remifentanil. Interestingly, these findings cor-
respond with the suggested infusion concentration of
50 ug mL~ ' provided by the manufacturers of remifenta-
nil hydrochloride. For all remifentanil solutions (isolated
and mixed), elevated pH resulted in increased formation
of degradation products.

A comparable study from Stewart et al. investigated
the stability of high (50 uygmL™") and low (5pgmL™")
concentrations of remifentanil in 10 mg mL™* of propo-
fol when stored in polyvinyl chloride bags and propylene
syringes [22]. Similar to our results, they demonstrated
that both drugs in isolation remained stable while the
mixture did not, the higher remifentanil concentration
had greater stability than the low concentration, propo-
fol was more stable in isolation than when mixed with
remifentanil, and the storage conditions have a greater
influence on propofol stability than the initial remifenta-
nil concentration added to the mixture [22]. Another
similar study by Gersonde, Eisend, Haake and Kunze in-
vestigated the physicochemical compatibility and emul-
sion stability of propofol when mixed and stored with
other sedatives and analgesics, including remifentanil, in
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Degradation Product Concentration
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Fig. 2 Concentration of the degradation product over 24 h in samples containing 30 ug mL™" of remifentanil reconstituted with sodium
bicarbonate solution in isolation, and in samples containing 30 ug mL~" of remifentanil reconstituted with water, 0.9% saline solution, and 20%
saline solution and mixed with propofol. Data expressed as mean + SEM, n=3. *P < 0.05 vs. water, 0.9% saline solution, and 20% saline solution;

24

a syringe for a period of 7 days [23]. All solutions were
reconstituted and diluted with 0.9% NaCl, and mixed at
ratios of 10:1 (v/v), 1:1 (v/v) and 1:10 (v/v) using a remi-
fentanil concentration of 0.05mgmL"™" and a propofol
concentration of 20 mg mL™'. Comparable to our inves-
tigation, the study demonstrated that the concentration
remained above 90% for the isolated drugs after 24 h,
while the mixture containing the lowest remifentanil
concentration showed the greatest change in drug con-
centration, decreasing to below 90% within 4h [23].
These findings indicate that good control of the pH of
the remifentanil reconstitution mixture and the use of
higher concentrations of remifentanil show viability as
an anaesthetic dosing regimen.

While a recent study by Bedocs, Evers and Buckenma-
ier III concurred with our findings that propofol alone
remains stable over 24 h, in contrast, they found a mix-
ture of propofol, ketamine and remifentanil stored in
polypropylene tubes also showed no signs of degradation
[5]. Ketamine is prepared in a slightly acidic solution of
pH 3.5-5.5 [33], and its concentration in the mixtures
was 200-times that of remifentanil; unfortunately, the
pH of the mixtures was not determined in the study by
Bedocs, Evers and Buckenmaier III, and a reduction in
solution pH may have contributed to the stability seen
with remifentanil in the mixtures. Our study differs from
those mentioned in that we stored the solutions in glass
and investigated a greater variety of reconstitution solu-
tions and remifentanil concentrations, examining the ef-
fect on both remifentanil and propofol stability when
stored in isolation and when mixed.

The effect of altering the pH of reconstituted remifen-
tanil was investigated via the use of different reconstitu-
tion mediums that were chosen due to their pH
characteristics, rather than their physiological properties

or use in pharmaceutical reconstitution. However, man-
ufacturers of remifentanil recommend both sterile water
for injection and 0.9% sodium chloride injection for
reconstitution.

Remifentanil reconstituted with 8.4% sodium bicar-
bonate solution in isolation had an average pH of 8.7
over 24 h for all concentrations examined, and resulted
in the concentration of remifentanil decreasing rapidly.
This was expected, due to the rapid aqueous hydrolysis
of the sterically unhindered alkyl ester that occurs at
high pH [34]. Conversely, remifentanil in isolation that
was reconstituted with water, 0.9% saline solution, and
20% saline solution all had an average pH below 4 over
24h for all concentrations tested. The remifentanil in
these solutions was very stable, with over 90% of the ori-
ginal concentration remaining after 24 h. These results
are consistent with known remifentanil pharmaceutics
and confirm the role of pH in its degradation. Further-
more, it highlights the importance of considering the pH
of any pharmaceutical that is to be mixed with remifen-
tanil. Due to the instability of the remifentanil-sodium
bicarbonate solution, it was not included in the
remifentanil-propofol mixture stability study.

While remifentanil degraded significantly when mixed
with propofol, those solutions reconstituted with 20% sa-
line were found to be the most stable over 24 h for all
concentrations tested, significantly so for 40 and 50 pg
mL ™! concentrations. We believe this is due to the pH
of these solutions, as they had the lowest of all reconsti-
tution solutions tested and were the only solutions to
have an average pH below 7. Furthermore, remifentanil
mixed with propofol was most stable when the solution
pH was below pH 6, particularly around pH5.7. This
demonstrates that pH is an important factor in remifen-
tanil stability not only in isolation, but also when it is
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mixed with propofol; however, it cannot be concluded
that pH is the only factor influencing remifentanil stabil-
ity in the mixture.

We examined the solutions that demonstrated the
highest degradation of remifentanil. A mid-range remi-
fentanil concentration of 30 ug mL™" was chosen for fur-
ther analysis as those samples showed sufficient
degradation in the previous studies. Remifentanil was
visible via mass spectrometry when run in the positive
ion mode, with an ion weight of 376 Da, while the deg-
radation product had an ion weight of 362 Da. It was
found that the increase in concentration of the degrad-
ation product over 24h was directly proportional to
both the alkalinity of the solution and the degradation of
remifentanil. These findings correspond to those re-
ported by Gersonde, Eisend, Haake and Kunze [23] and
suggest that the detected by-product is a degraded form
of remifentanil. Due to the ion weight of the unknown
compound and the rapid de-esterification experienced
by remifentanil, it is speculated that this degradation
product is the principal metabolite, remifentanil acid
(GR90291; Fig. 3) [9, 36, 37]. Although this metabolite,
eliminated by the kidneys, may accumulate in patients
with severe renal impairment [9], it is much less potent
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(1/4600) than its parent compound [37] and does not
result in clinically-significant prolonged mu-opioid
effects [38]. A minor metabolite of remifentanil, the p-
elimination product (GR94219), is also produced at high
pH through the “retro-Michael reaction”; however, the
dominant and rapid esterase metabolism results in only
approximately 1% of remifentanil being eliminated in
this secondary form (Fig. 3) [39]. While these degrad-
ation products may not be pharmacologically relevant
for most patients, their formation does render the mix-
ture less effective in a clinical setting and highlights the
importance of understanding the chemistry associated
with mixing compounds.

When in isolation and when mixed with water, 0.9%
saline solution or 20% saline solution, propofol concen-
tration remained above 90% over 24 h regardless of dilu-
ent concentration. This is potentially important in the
clinical setting, as it indicates that propofol concentra-
tion remains stable over prolonged periods of infusion.

While propofol concentration remained above 90% in
all solutions tested, those containing the highest concen-
tration of saline (20%) at the highest volume (5 mL) re-
sulted in the greatest propofol degradation, even in
isolation. These findings are supported by a previous

from Westmoreland et al. [35]

o
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Fig. 3 Metabolic pathway of remifentanil showing its major metabolite, remifentanil acid (GR90291), and a minor metabolite (GR9421

GR94219
9). Modified
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study by Wei et al., who demonstrated that propofol was
stable for six hours following dilution with large volumes
of sodium chloride (ranging from 500 mL to 800 mL in a
total of 1000 mL, much greater volumes than those used
in our study) [40].

Nemec, Germ, Schulz-Siegmund and Ortner found
that the addition of 0.9% sodium chloride to propofol
1% in the ratio of 1:1 (v/v) resulted in a minor change in
the emulsion stability [41]. Emulsions containing
phospholipids such as egg lecithin are charge-
stabilised and have a zeta potential that enables excel-
lent stability under normal conditions. One factor that
may lower the zeta potential and impact emulsion
stability is the presence of electrolytes [30]. It has
been suggested that the addition of positively-charged
sodium results in neutralisation of the negatively-
charged surface of the propofol emulsion oil droplets,
resulting in flocculation [40]. This may explain the
decreased propofol stability, albeit minor, that was
observed following the addition of 20% saline in our
study. It should be noted that a combination of pro-
pofol and saline solution has been investigated for use
in several clinical applications, including reducing
pain on injection and decreasing the incidence and
severity of excitatory reactions during induction of
anaesthesia in young children [42, 43].

While the large decrease in solution pH following
the addition of remifentanil did not have a significant
impact on propofol concentration specifically, pH may
also affect the zeta potential, and therefore stability,
of phospholipid-stabilised emulsions [44]. Therefore,
the decrease in solution pH experienced following the
addition of both 20% saline solution (in isolation) and
remifentanil may have contributed to minor propofol
emulsion destabilisation, even in mixtures where
remifentanil was reconstituted with water; this may be
confirmed by reconstituting remifentanil directly into
the propofol emulsion. Furthermore, the decrease in
pH observed over 24h in remifentanil-propofol mix-
tures may be partly attributed to the release of small
amounts of free fatty acids from the propofol emul-
sion, as a result of phospholipid and soybean oil hy-
drolysis [32].

Due to the concentration degradation experienced in
the remifentanil-propofol mixture, further analyses of
stability, such as emulsion fat globule size/distribution,
were not deemed necessary. Furthermore, these factors
have been investigated in previous studies [23, 41, 45].

Conclusions

It is clear the stability of remifentanil is less
dependent on the initial concentration and more in-
fluenced by the pH of the solution, as the addition of
a neutral/alkali diluent had a negative impact on its
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stability. Additionally, mixing remifentanil with propo-
fol in the same storage vessel resulted in significant
remifentanil degradation. The hydrolysis of remifenta-
nil at more alkaline pH values is likely a factor in the
degradation observed in our study, and the results
suggest that reconstituting remifentanil in a solution
with a more acidic pH may increase its short-term
storage stability. For propofol, the addition of remi-
fentanil, water or saline solution at the concentrations
tested, as well as the resulting changes in pH, did not
have a significant negative impact on its concentra-
tion when stored over 24 h. However, our study indi-
cates, from a chemistry perspective, that remifentanil
and propofol may not be suitable to store as an ad-
mixture long-term prior to infusion.
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