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Abstract

Objectives: We have observed white turbidity when a midazolam injection is administered from a lateral tube during
the administration of a peripheral parenteral nutrition (PPN) solution. The aim of the current study was to determine
how to avoid compound changes when co-administering a midazolam injection and a PPN solution.

Methods: Midazolam solutions were prepared by diluting a midazolam injection with a 5% glucose intravenous
infusion. We examined the formulation of the midazolam injection and a PPN solution at the concentrations
used in a clinical setting for changes in appearance, pH, and midazolam content in test tubes and during
administration conditions.

Results: With a 1/4.8 dilution of midazolam in undiluted solution, clouding occurred. A strong correlation was
revealed between the midazolam content as measured through high-performance liquid chromatography and the
mixture’s midazolam concentration (R2=0.9918). The capture rate of midazolam infused with PPN solution was
91.0% at a 1/6 dilution, whereas it decreased to <90% at a 1/4.8 dilution.

Conclusions: Our results suggest that the administration of a midazolam injection solution diluted by ≥6-fold with
glucose solution or saline from a side tube during the administration of a PPN solution did not cause changes
in composition.
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Introduction

Midazolam exerts a sedative effect by activating the inhibitory
neurotransmitter GABA receptor in the central nervous system,
and it introduces and maintains anesthesia as an injection,
as intensive care sedation during artificial respiration, and
as sedation during palliative care.1 Midazolam is the most
important drug used for sedation in palliative care.2,3 The
importance of nutrition management in palliative care has
been recognized. Guidelines concerning terminal fluid therapy
have been published, and peripheral parenteral nutrition (PPN)
solutions are now widely used.4,5 A patient indicated for
sedation usually receives a midazolam injection from a side
tube during the simultaneous administration of a PPN solution.
However, since a midazolam injection is stable under acidic
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conditions, the move toward alkalinity causes precipitating
white turbidity or crystal precipitation. A delay in detecting
this turbidity or precipitation may seriously affect a patient’s
health. Clinicians must be sensitive to formulation changes
because of the injection route.6 Although changes in midazolam
injection formulations during total parenteral nutrition infusions
have been reported, few reports comprehensively describe the
changes occurring during simultaneous midazolam injection
and PPN solution administration; only visual changes and
pH observations were described, not changes in midazolam
content.7 Therefore, we examined changes in appearance, pH,
and midazolam content during administration conditions based on
differences in the composition of a PPN solution and a midazolam
injection solution.

Methods

Experiment (A)
1. Samples

We often treat patients for whom a PPN solution is
administered at 1000 mL/day (42 mL/h) through a main duct,
and a midazolam injection (Dormicum® injection solution 10 mg;
Maruishi Pharm Inc.) is administered through a side line at
2 mL/h. To reproduce this situation, we mixed 8.4 mL of PPN
solution and 0.4 mL of midazolam injection in a test tube at
the ratio of 42:2 at room temperature and under normal light
conditions. We used an amino acid and glucose injection with
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electrolytes and a vitamin B1 infusion (BFLUID injection; Otsuka
Pharmaceutical Factory, Inc.) which is a colorless and transparent
infusion agent that contains approximately 7.5% glucose, 3%
amino acid (18 types), electrolytes, and vitamin B1 components
(pH is approximately 6.7). We prepared midazolam solutions, (15
samples, ‘A–O’) assuming clinical doses of 10–240 mg by diluting
a midazolam injection with a 5% dextrose solution (OTSUKA
GLUCOSE INJECTION: Otsuka Pharmaceutical Factory, Inc.)
to create a range that included an undiluted solution, i.e., 1/24
(Table 1).
2. Observation of appearance changes, pH determination, HPLC

To observe changes in the appearance and pH and for high-
performance liquid chromatography (HPLC), we first slowly
added 0.4 mL of each sample dropwise to 8.4 mL of PPN solution,
and we observed the visual changes (color tone/turbidity)
immediately after the dropwise addition. After recording changes
in appearance, we stirred the mixture for 30 sec using a vortex
mixer and measured the pH and midazolam concentration of
each sample. The pH was measured using a pH meter (F-72
pH/ION Meter, HORIBA, Ltd.). The midazolam content was
analyzed through HPLC with reference to Kobo’s method,8

under the following conditions: column, TS Kgel ODS - 100 V
(5 μm, 4.6 mm×15 cm, Tosoh Corp.); column temperature, room
temperature, flow rate, 0.8 mL/min; detector, UV - 2075 Plus
intelligent UV/Vis detector (JASCO Corp.); detection wavelength,
254 nm, mobile phase, 1 mM citrate-phosphate buffer (pH 5.0):
methanol: acetonitrile=1:1:1 (V/V). The measurement was
performed using an absolute calibration curve method using
a midazolam injection solution as a standard solution. The
calibration curve showed linearity in the range 3.1–50.0 μg/mL.
We determined the relationship between the midazolam content
as measured through HPLC and the midazolam concentration of
the mixture by fitting the approximate curve. We performed a
Pearson’s regression analysis to determine the correlation.

Experiment (B)
We investigated changes in the combined PPN solution and

midazolam solution, and in the combined saline solution and
midazolam solution at room temperature and under normal light
conditions. We prepared four midazolam solution samples by
diluting a midazolam injection (Dormicum injection 10 mg) with
saline to 1/2.4, 1/4.8, and 1/6, and an undiluted PPN solution
(500 mL) was added dropwise via an infusion pump at 40 mL/h
with a planecta infusion set filter (JMS CO., Ltd.). The 0 min
time point occurred immediately after the syringe pump began to
push the solution. We collected 3.5 mL of each mixed solution,
having passed through the infusion in-line filter with a 0.22 μm
aperture, from the tip of syringe pump over a 5 min period
after 10, 30, 60, and 120 min. For the collected mixture, the pH

was measured under the same conditions as in Experiment (A);
the midazolam content was measured through HPLC, and the
content ratio to the theoretical value derived from the standard
solution was determined. We added 500 mL of saline (TERUMO,
Corp) dropwise at 40 mL/h under the same conditions as with
the PPN solution, and midazolam solution samples were injected
from the side tube at 2 mL/hr. The dose concentration of the
midazolam injection solution and the measurement conditions
of the collected mixture were the same as those used for the
PPN solution.

Results

Experiment (A)
Each of the samples, from the 1/24-diluted solution of sample

A to the 1/6-diluted solution of sample D, was colorless and
transparent. White turbidity was observed after dropping a
1/4.8 dilution of sample E into the undiluted solution sample
O. The pH of sample A was 6.72±0.02; the pH of sample E
(which caused clouding) was 6.72±0.03, and the pH of sample
O was 6.66±0.01 (Figure 1). The coefficient of determination
between the midazolam content measured through HPLC and
the mixture’s midazolam concentration was R2=0.9918, showing
a strong correlation (Figure 2).

Experiment (B)
The pH values of the collected mixture of PPN solution (with

a pH of approximately 6.7) at 0, 10, 30, 60, and 120 min after
the infusion of midazolam solution diluted to 1/6 began were
6.69±0.07, 6.72±0.08, 6.64±0.00, 6.71±0.08, and 6.71±0.08,
respectively. The pH values of the mixture with saline (with
pH 4.5–8.0) at the same time points were 5.47±0.04, 5.56±0.15,
5.14±0.42, 4.75±0.11, and 4.71±0.01, respectively. For the
midazolam solution diluted to 1/4.8, the pH values of the mixture
with the PPN solution were 6.82±0.10, 6.83±0.11, 6. 76±0.07,
6.83±0.13, and 6.81±0.11, and the pH values of the mixture
with saline were 5.24±0.12, 5.59±0.08, 4.89±0.00, 4.83±0.10,
and 4.77±0.10, respectively. The pH values of the mixed solution
with PPN solution when injecting the midazolam solution diluted
to 1/2.4 were 6.74, 6.75, 6.75, 6.73, and 6.72. The pH values
of the mixed solution with saline were 5.56, 5.37, 4.55, 4.36,
and 4.39. The pH values of the mixture with the PPN solution
when injecting undiluted midazolam solution were 6.64, 6.61,
6.60, 6.57, and 6.60, and the pH values of the mixed solution
with saline were 5.52, 5.04, 4.12, 4.00, and 4.08, respectively
(Figure 3).

The midazolam content ratios to theoretical values at 0, 10,
30, 60, and 120 min of the mixture with the PPN solution when
injecting a 1/6 dilution of midazolam were 3.4%, 3.5%, 0.4%,

Table 1 Midazolam concentrations and corresponding clinical doses of the samples

Samples A B C D E F G H I J K L M N O
Midazolam concentration
(mg/mL)

0.21 0.42 0.63 0.83 1.04 1.25 1.46 1.67 1.88 2.08 2.29 2.50 3.33 3.75 5.00

Corresponding clinical doses of midazolam
(mg/day)

10 20 30 40 50 60 70 80 90 100 110 120 160 180 240

diluted to 1/24 1/12 1/8 1/6 1/4.8 1/4 1/3.4 1/3 1/2.6 1/2.4 1/2.1 1/2 1/1.5 1/1.3 1

PPN solution is usually administered in 1000 mL/day, i.e., approximately 42 mL/hr, and midazolam solution is in 2 mL/hr using syringe pump. Therefore
we mixed PPN solution and midazolam solution in the ratio of 42:2=8.4:0.4. We usually dilute midazolam solution by adding 5% dextrose solution to
appropriate concentration for the patient.
Therefore we prepared sample A-N by diluting midazolam injection with 5% dextrose solution.
Sample O is midazolam injection itself.
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83.2%, and 91.0%, respectively. The midazolam content ratio to
theoretical values of the mixture with saline were 1.6%, 0.8%,
37.1%, 82.7%, and 100.3% (Figure 4A). The midazolam content
ratios to theoretical values of the mixed solution with the PPN
solution were 4.6%, 4.9%, 17.0%, 76.2%, and 82.7% when a
midazolam 1/4.8-diluted solution was injected, and those of the
mixed solution with saline were 15.2%, 4.0%, 69.0%, 99.0%, and
99.7%, respectively (Figure 4B). The midazolam content ratio to
theoretical values of the mixed solution with the PPN solution
were 0.2%, 0.0%, 2.7%, 72.3%, and 66.1% when injecting 1/2.4-
diluted midazolam, and the ratios of the mixed solution with
saline were 1.8%, 1.9%, 56.8%, 99.5%, and 102.9%, respectively
(Figure 4C).

The midazolam content ratio to theoretical values of the mixed

Figure 2 The relationship between the midazolam concentrations as
assessed using HPLC and the theoretical concentrations of the stirred
solutions (n=3).
The coefficient of determination between the midazolam content as
measured through HPLC and the midazolam concentration of the mixture
was R2=0.9918, showing a strong correlation.

solution with PPN solution when injecting midazolam undiluted
solution were 0.1%, 33.5%, 33.4%, 54.7%, and 50.2%, and those
of the mixed solution with saline were 0.1%, 0.0 %, 69.3%,
99.1%, and 95.0%, respectively (Figure 4D). The calibration
curves for each concentration demonstrated R2=0.999 or more.
An appearance change was observed only in the mix of PPN
solution and midazolam undiluted solution. The mixture was
colorless and transparent under other conditions.

Discussion

Our experiments clarified a method of combined adminis-
tration for a PPN solution and a midazolam injection solution that
avoids changes in the mixed solution characteristics. Guidelines
regarding infusion therapy for terminal cancer patients have
been issued in several countries. The importance of nutrition
has also been highlighted in Japan, and guidelines were issued
that consider the use of PPN solution preparations.4,9–14 The
midazolam injection solution used for the sedation of terminal-
stage patients maintains a stable aqueous solution under
acidic conditions, and composition changes occur under alkaline
conditions. Mixing injectable drugs is not possible when one
or both of the following are observed: (1) a change in the
mixture’s physical appearance is recognized, (2) within 24 h
post-compounding, one or more of the compounded ingredients
is decomposed by ≥10%. When changes in a formulation are
prevented, it remains necessary to observe the reaction product,
maintain the content of the active ingredient, and ensure that the
medicine is administered to the patient safely and securely.15

Avoiding formulation changes and reaction products and
maintaining the content of the active ingredient will guarantee
drug efficacy and safety. In an examination of the stability
of midazolam hydrochloride in a parenteral nutrient solution
with intravenous nutrients containing amino acids at 1.5%,
2.5%, and 5% concentrations and midazolam injections at 0.1
and 0.5 mg/mL concentrations, the midazolam and amino acid

Figure 1 The appearance just after drop-wise sample delivery into a PPN solution.
White turbidity was observed when midazolam solutions with a higher concentration than 1/4.8 diluted (1.04 mg/mL), i.e. sample E, assuming 50 mg/day
administration, were mixed with a PPN solution.
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content at 5 h after mixing did not change, and changes in
appearance, pH, and precipitation did not occur.16 Kuramoto
et al. mixed equal volumes of a high-calorie infusion preparation
and a midazolam injection solution in two-, three-, four-, and
five-fold dilutions; they examined changes in appearance and
conducted a filter-resistance test and reported that a five-fold

dilution of the injection can be administered from the side tube
of a total parenteral nutrition infusions line without causing
composition changes.7

In Experiment (A), white turbidity was confirmed at
concentrations exceeding a 1/4.8 dilution of the midazolam
injection solution. Hydrochloric acid as a solubilizing agent

Figure 3 Changes in the pH of a mixed solution of saline and midazolam (I) and mixed solution of PPN solution and midazolam (II)
The pH of a mixture of saline and midazolam changed to approximately pH 4 as the concentration of midazolam increased. However, the pH of the
mixture with the PPN solution was approximately pH 6.7 without affecting the concentration.

Figure 4 Changes in midazolam content in saline and PPN solution
The content of 1/6 diluted midazolam was 90% or more after 120 min, and no change in composition occurred (4A). With the midazolam 1/4.8 diluted
solution, the content of the saline mixture decreased to 99.7% after 120 min and the PPN solution mixture content decreased to 82.7% (4B). In the
saline mixture 1/2.4 dilution, the stock solution showed no decrease in content even after 120 min, but the PPN solution showed a decrease in the
content rate of 66.1% (4C) and 50.2% (4D).
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influences changes in the midazolam formulation, leading to
large variation in the clinical formulation. The pH range of
midazolam injections is 2.8–3.8, and crystals precipitate at the
more basic region including the change point 4.72.17 The most
interesting point revealed in the current study is that although
visible white turbidity occurred in the solution with samples
E–O, when we stirred the samples again, the white turbidity
disappeared and 95.27% of the midazolam could be detected
through HPLC (indicating that only 4.73% was lost). These
results were contrary to our expectation, because the solutions
measured pH 6.6–6.7, which is more basic than the value of the
changing point; i.e., the pH value at which crystals are thought
to precipitate. To clarify the pH dependence of midazolam, the
pH of the critical point at which no formulation change is
observed could be identified using Azuma’s method or predicting
a formulation change.18 The critical-point pH can be determined
through Azuma’s method, but the reason for the value being
close to the pH value of the PPN solution is that the mixed
solution pH is included in the beaded infusion. The influence
of the pH buffer appears to be large. Moreover, although we
observed that the midazolam content of the solution after stirring
does not fall, in clinical settings there is no guarantee that the
mixture under the same conditions will be stirred. Therefore,
midazolam administration at a ≥6-fold dilution is recommended.

In Experiment (B), the midazolam content was measured
through HPLC, and we investigated whether a difference
occurred in the composition change between a PPN solution
transfusion and saline. We measured the pH of unbuffered saline
immediately after mixing with saline and after 10 min, and the
pH fluctuation after 30 min tended to be acidic due to the
strongly acidic midazolam injection. This is consistent with the
detection of a midazolam injection after 30 min, as shown in
Figure. 4. In Figure 3 (II), the pH of a PPN solution, which has
buffering properties, is shown immediately after mixing and was
not affected by the pH of a midazolam injection. The change in
the midazolam content over time in the saline was not detected
at the mixing ratio of 42: 2 after 30 min, but was detected after
30 to 60 min. With reference to the Experiment (A) results
and to confirm the reproducibility of the blending change in
1/6-diluted midazolam and a 1/4.8-diluted solution, we conducted
experiments twice for the 1/6 dilution and three times for the
1/4.8 dilution. The results demonstrated that at a 1/6 dilution,
the content ratio to the theoretical values of midazolam was
≥90% after 120 min from the initiation of the infusion, and no
composition change occurred. With the 1/4.8-diluted solution, the
midazolam content in the saline mixture decreased slightly to
99.7% after 120 min, and approximately 20% of the midazolam
content was lost in the PPN solution mixture with a ratio of
82.7% because of the blending change. We speculated that the
reason why the content ratio to theoretical values declined is that
the trace amounts of chloride (which is colorless and transparent)
were trapped by the inline filter. With the 1/2.4-diluted solution,
the saline mixture after 60 min was 99.5%, and the PPN solution-
mixed solution showed a deviation of approximately 30%, with
a 72.3% ratio. The midazolam content ratio to theoretical values
of the PPN solution-liquid mixture after 120 min demonstrated a
66.1% decrease. In the midazolam undiluted solution, the content
ratio to theoretical values in the saline remained at ≥95% even
after 120 min, but in the PPN solution mixture, it was 54.7%
after 60 min, and approximately one-half of the expected dose
was not administered. Even after 120 min, the ratio was 50.2%.

Midazolam was reported to be adsorbed by vinyl chloride,

and we therefore used an infusion route with polybutadiene (non-
vinyl chloride) which does not adsorb midazolam.19 Our results
clarified that the cloudy midazolam observed in Experiment (A)
is a formulation that does not reduce the midazolam content
if it is redissolved. It is not yet known how the redissolved
midazolam solution would affect the body. Although the cloudy
component can be thought of as midazolam, an analysis of the
components captured by the in-line filter is necessary because
the cause of the reaction between the midazolam solution and the
PPN solution that generates this white turbidity is not known.20

Since the injection of a high concentration of midazolam was
captured by the in-line filter, it is considered that the in-line
filter should be used in a clinical setting. In Experiment (B),
we performed a formulation change test by setting the time
for a midazolam injection to reach a patient’s blood vessel from
the side tube at a maximum of 120 min. The compatibility of
midazolam with morphine, haloperidol, and similar drugs which
are frequently used in the palliative field should be determined
through compound change tests.21–23

In palliative care, sedation is administered to reduce patient
pain. Sedation is necessary in approximately 30% of cancer
patients, for the relief of delirium, dyspnea, malaise, and pain.
In a systematic review of studies of midazolam doses, the
median starting dose was 0.5–1.7 mg/h, the median maintenance
dose was 18–62 mg/day, and the range was 2–450 mg.24

Since the midazolam dose that could sedate terminal cancer
patients was 20–30 mg/day, midazolam administration starts at
1–2 mg/h and the dosage is increased until sufficient sedation is
achieved. Sedation using midazolam is effective at 80%–90%; at
approximately 5% it causes complications leading to death, but
midazolam is generally considered to be safe.25 Midazolam is also
recommended as a palliative care sedative. Safe administration
is desired; i.e., avoiding changes in formulation, complications
such as pulmonary embolism, and problems such as catastrophic
blockage or clogging of the in-line filter. It is important to
promote the proper use of injectable medicines and to investigate
and solve problems occurring with their use.

In conclusion, our findings demonstrated that the
administration of a midazolam injection solution diluted by ≥6-
fold or more with glucose solution or saline from the side
tube of a PPN solution did not cause any change in the
solution composition.

Acknowledgements

We gratefully acknowledge the work of past and present
members of our laboratory. We thank Conn Hastings, PhD, from
Edanz Group (www.edanzediting.com/ac) for editing a draft of
this manuscript.

Conflicts of Interest

The authors have no conflicts of interest to declare.

References

 1. Japanese Society for Palliative Medicine. Practical guide for
refractory suffering and palliative sedation therapy in advanced
cancer patients. Tokyo: Kanehara & Co., LTD.; 2018: 108–9
(in Japanese).

 2. Maltoni M, Scarpi E, Rosati M, Derni S, Fabbri L, Martini F, Amadori
D, Nanni O. Palliative sedation in end-of-life care and survival: a

Fujita Medical Journal 2021 Volume 7 Issue 2

39



systematic review. J Clin Oncol 2012; 30: 1378–83.
 3. Beller EM, van Driel ML, McGregor L, Truong S, Mitchell G.

Palliative pharmacological sedation for terminally ill adults. Cochrane
Database Syst Rev 2015; 1: CD010206.

 4. Higashiguchi T, Ikegaki J, Sobue K, Tamura Y, Nakajima N, Futamura
A, Miyashita M, Mori N, Inui A, Ohta K, Hosokawa T. Guidelines for
parenteral fluid management for terminal cancer patients. Jpn J Clin
Oncol 2016; 46: 986–92.

 5. Awa H, Futamura A, Higashiguchi T, Ito A, Mori N, Murai M,
Ohara H, Chihara T, Kaneko T. Effects of Combined Treatment with
Branched-Chain Amino Acids, Citric Acid, L-Carnitine, Coenzyme
Q10, Zinc, and Various Vitamins in Tumor-Bearing Mice. Biol Pharm
Bull 2017; 40: 266–71.

 6. Foinard A, Décaudin B, Barthélémy C, Debaene B, Odou P. Impact
of physical incompatibility on drug mass flow rates: example of
furosemide-midazolam incompatibility. Ann Intensive Care 2012;
2: 28.

 7. Kuramoto K, Yamamoto K, Shoji T, Takahashi S, Nakagawa Y.
The avoidance on incompatibility of Dolmicam® injection for
intravenous sedation method. Jomyaku Keicho Eiyo 2004; 19: 59–64.
(in Japanese).

 8. Kobo B, Hashimoto M, Takahashi N. Midazoramu chushaeki
(dorumikamu(R)chu) no haigo henka (Mixture change of Midazolam
Injection (Dolmicam®)). Medicine and Drug Journal 1988; 24: 1491–
503 (in Japanese).

 9. Bozzetti F, Arends J, Lundholm K, Micklewright A, Zurcher G,
Muscaritoli M. Guidelines on Parenteral Nutrition: non-surgical
oncology. Clin Nutr 2009; 28: 445–54.

10. August DA, Huhmann MB. A.S.P.E.N. clinical guidelines: nutrition
support therapy during adult anticancer treatment and in
hematopoietic cell transplantation. JPEN J Parenter Enteral Nutr
2009; 33: 472–500.

11. Bachmann P, Marti-Massoud C, Blanc-Vincent MP, Desport JC,
Colomb V, Dieu L, Kere D, Melchior JC, Nitenberg G, Raynard B,
Roux-Bournay P, Schneider S, Senesse P. Summary version of the
Standards, Options and Recommendations for palliative or terminal
nutrition in adults with progressive cancer. Br J Cancer 2003; 89:
S107–10.

12. Bruera E, Sala R, Rico MA, Moyano J, Centeno C, Willey J, Palmer
JL. Effects of parenteral hydration in terminally ill cancer patients: a
preliminary study. J Clin Oncol 2005; 23: 2366–71.

13. Good P, Cavenagh J, Mather M, Ravenscroft P. Medically assisted
hydration for palliative care patients. Cochrane Database Syst Rev
2008; 16: CD006273.

14. Japanese Society for Palliative Medicine. Clinical guidelines for
infusion therapy in advanced cancer patients. 2013 ed. Tokyo:
Kanehara & Co.,Ltd.; 2013: 69–71 (in Japanese).

15. Kobo B. Chushayaku toyoho no kihon to kufu (Basics and devises of
injection drug administration method). Tokyo: Medical Tribune; 2001:

58 (in Japanese).
16. Bhatt-Mehta V, Rosen DA, King RS, Maksym CJ. Stability of

midazolam hydrochloride in parenteral nutrient solutions. Am J Hosp
Pharm 1993; 50: 285–8.

17. Maruishi Pharmaceutical. Co., Ltd. Dormicum Injection 10 mg. Drug
Interview form; 2019: 4–6(in Japanese). <https://www.maruishi-
harm.co.jp/media/dormicum_interview.pdf>. (Accessed July 2, 2019).

18. Azuma K, Watanabe K, Shoji T, Nakagawa Y. A Method for Predicting
Incompatibility in Admixing Injections into Infusion (IV)—Concept of
Critical Point pH—. Japanese Journal of Hospital Pharmacy 1995; 21:
555–71(in Japanese).

19. Kawano K, Matsunaga A, Nakazawa K, Komatsu R, Nakajima S. The
Effect of pH in the Solutions on the Sorption of Midazolam into
a Plastic Container or an Administration Set. Japanese Journal of
Hospital Pharmacy 1992; 18: 449–53(in Japanese).

20. Yoshida H, Takaba D, Uchida Y, Ishimoto K, Shima K, Okano
Y, Kamiya A. Research for the crystal material produced
in the continuous infusion line of midazolam(dormicum®) and
butorphanol(stadol®). Japanese Journal of Hospital Pharmacy 1997;
23: 531–8 (in Japanese).

21. Gómez MA, Arenas VJ, Sanjuán MM, Hernández MJ, Almenar CB,
Torres VJ. Stability studies of binary mixtures of haloperidol and/or
midazolam with other drugs for parenteral administration. J Palliat
Med 2007; 10: 1306–11.

22. Vermeire A, Remon JP. Compatibility and stability of ternary
admixtures of morphine with haloperidol or midazolam and
dexamethasone or methylprednisolone. Int J Pharm 1999; 15: 177:
53–67.

23. Uekuzu Y, Higashiguchi T, Futamura A, Ito A, Mori N, Murai M,
Ohara H, Awa H, Chihara T. A Clinical Study on Administration of
Opioid Antagonists in Terminal Cancer Patients: 7 Patients Receiving
Opioid Antagonists Following Opioids among 2443 Terminal Cancer
Patients Receiving Opioids. Biol Pharm Bull 2017; 40: 278–83.
(in Japanese).

24. Claessens P, Menten J, Schotsmans P, Broeckaert B. Palliative
sedation: a review of the research literature. J Pain Sympton Manage
2008; 36: 310–33.

25. Morita T, Chinone Y, Ikenaga M, et al. Efficacy and safety of
palliative sedation therapy: A multicenter,prospective,observational
study conducted on specialized palliative care unit in Japan. J Pain
Symptom Manage 2005; 30: 320–8.

Copyright©2021 Akihiko Futamura, PhD et al. 
This is an Open access article distributed under the Terms of
Creative Commons Attribution License, which permits unrestricted use,
distribution, and reproduction in any medium, provided the original
author(s) and source are credited.

Avoiding the incompatibility of parenteral nutrition and midazolam injection

40


