
J Nippon Med Sch 2023; 90 (5) 381

―Original―
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Background: No compatibility tests are available for remdesivir other than 0.9% sodium chloride. In

this study, we aimed to evaluate the physical compatibility of remdesivir with drugs used in palliative

care and COVID-19 treatment.

Methods: Remdesivir was tested for compatibility with 10 different drugs (fentanyl, morphine, hydro-

morphone, oxycodone, heparin, furosemide, octreotide, acetated Ringer’s injection, 2-in-1 peripheral

parenteral nutrition, and 2-in-1 total parenteral nutrition). Remdesivir was formulated to a final concen-

tration of 1 mg/mL, and the other drugs were prepared at clinical concentrations. Three test solutions

were used for compatibility testing, with remdesivir and the target drugs compounded in a 1:1 ratio.

Appearance measurements, including Tyndall effect, turbidity, and pH, were performed immediately af-

ter mixing and at 1 h and 4 h after mixing. Changes in appearance, including the Tyndall effect, turbid-

ity (turbidity change of ≥ 0.5 nephelometric turbidity unit [NTU] based on control solution for each test

drug), and pH (a change of ≥ 10% based on the pH immediately after mixing) were used to determine

physical compatibility.

Results: All the drugs tested were compatible with remdesivir. The combination of remdesivir and fu-

rosemide produced the highest turbidity (0.23 ± 0.03 NTU) 1 h after mixing. The lowest and highest pH

values were observed at 4 h after mixing for the combinations of remdesivir and morphine (3.23 ± 0.02)

and remdesivir and furosemide (8.81 ± 0.06).

Conclusions: The drugs tested in this study show Y-site physical compatibility with remdesivir.

(J Nippon Med Sch 2023; 90: 381―386)
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Introduction

Remdesivir is a SARS-CoV-2 nucleotide analog RNA po-

lymerase inhibitor indicated for the treatment of coro-

navirus disease 2019 (COVID-19)1. It is recommended

both for patients with mild COVID-19 who do not re-

quire oxygen and for those with moderate COVID-19

who require oxygen or hospitalization1,2. Consequently,

remdesivir can be used not only in acute care hospitals

but also in outpatient and inpatient settings, including

non-acute care hospitals such as palliative care facilities3,4.

Moderate to severe pain in cancer is common, affecting

70-80% of patients with advanced stage, and most pa-

tients with cancer pain require opioids for pain manage-

ment5. Furthermore, COVID-19 treatment or palliative

care, including cancer and heart failure, may entail con-

tinuous injections of heparin, octreotide, furosemide, elec-

trolyte infusions, or nutritional infusions6―8. Subcutaneous

administration is the first-choice administration route in

palliative care for patients who are unable to receive

opioids orally or transdermally5,9. When subcutaneous

administration is contraindicated, intravenous opioid ad-

ministration is selected. This contraindication may be due

to cases of peripheral edema, coagulation disorders, poor

peripheral circulation, the need for high volumes and
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Table　1　Composition of Bfluid® and Elneopa®-NF No.2

Bfluid® 1,000 mL (2-in-1 peripheral parenteral nutrition)

Glucose 75 g SO4
2– 5 mEq Zn 5 μmol

Free amino acids 30 g Acetate– 16 mEq

Na+ 35 mEq L-Lactate– 20 mEq

K+ 20 mEq Citrate3– 6 mEq

Mg2+ 5 mEq P 10 mmol

Ca2+ 5 mEq Thiamine chloride hydrochloride 1.92 mg

Cl– 35 mEq

Elneopa®-NF No. 2  1,000 mL (2-in-1 total parenteral nutrition)

Glucose 175 g Thiamine chloride hydrochloride 3.84 mg Fe 10 μmol

Free amino acids 30 g Riboflavin phosphate sodium 2.3 mg Mn 0.5 μmol

Na+ 50 mEq Pyridoxine hydrochloride 3.68 mg Zn 30 μmol

K+ 27 mEq Cyanocobalamin 2.5 μg Cu 2.5 μmol

Mg2+ 5 mEq Nicotinamide 20 mg I 0.5 μmol

Ca2+ 5 mEq Panthenol 7 mg

Cl– 50 mEq Folic acid 0.3 mg

SO4
2– 5 mEq Biotin 30 μg

Acetate– 48 mEq Ascorbic acid 100 mg

L-Lactate– 14 mEq Vitamin A Oil 1,650 IU

Citrate3– 12 mEq Cholecalciferol 2.5 μg

P 6 mmol Tocopherol acetate 5 mg

Phytonadione 0.075 mg

 (IU, International Unit)

doses, or when rapid pain control is needed5. If intrave-

nous administration rather than subcutaneous admini-

stration is chosen for palliative care patients, continuous

injections containing opioids may be combined and ad-

ministered intravenously via the same route as that of

remdesivir. However, remdesivir compatibility tests have

only been carried out with 0.9% sodium chloride; rem-

desivir compatibility tests with drugs used in palliative

care or COVID-19 treatment have not been conducted1.

Because of a lack of compatibility data for remdesivir

with these drugs, multiple separate injectable drug ad-

ministration access sites are currently required to deliver

potentially incompatible drugs simultaneously. It may be

difficult to obtain new injectable drug administration ac-

cess sites for palliative care patients, and therefore rem-

desivir may be withheld due to a lack of administration

access. To gather insights on this topic, in this study, we

evaluated the physical compatibility of remdesivir with

opioid analgesics, heparin, furosemide, octreotide, and

electrolytes and nutrition infusion during simulated Y-

site administration, assuming a palliative care patient.

Materials and Methods

Test materials: Remdesivir was mixed with fentanyl cit-

rate, morphine hydrochloride hydrate, hydromorphone

hydrochloride, oxycodone hydrochloride hydrate, hepa-

rin sodium, furosemide, octreotide acetate, SolyugenⓇ F,

BfluidⓇ, or ElneopaⓇ-NF No.2. SolyugenⓇ F is acetated

Ringer’s injection, and its composition is as follows: Na+

130 mEq/L, K+ 4 mEq/L, Ca2+ 3 mEq/L, Cl－ 109 mEq/L,

and CH3COO－ 28 mEq/L10. BfluidⓇ is a 2-in-1 peripheral

parenteral nutrition (PPN), and ElneopaⓇ-NF No. 2 is a

2-in-1 total parenteral nutrition (TPN), and their respec-

tive compositions are shown in Table 111,12.

Target drugs containing remdesivir were prepared at

the upper range of the concentrations used in clinical set-

tings. Remdesivir (Lot AS1641CA and AR7050CA; Gilead

Sciences, Inc.) was dissolved in 19 mL of water for injec-

tion (Lot 11104C; Otsuka Pharmaceutical Factory, Inc.),

then diluted with 0.9% sodium chloride (Lot 2E95P and

2H89P; Otsuka Pharmaceutical Factory, Inc.) to a final

concentration of 1 mg/mL. Hydromorphone hydrochlo-

ride (Lot UTA0029; Daiichi Sankyo Co., Ltd.) and octreo-

tide acetate (Lot R108A; Aska Pharmaceutical Co., Ltd.)

were diluted in 0.9% sodium chloride (Lot 2H89P; O-

tsuka Pharmaceutical Factory, Inc.) to prepare solutions

with concentrations of 1 mg/mL and 30 μg/mL, respec-

tively. Fentanyl citrate (Lot F2019; Terumo, Corp.), mor-

phine hydrochloride hydrate (Lot W5696; Shionogi

Pharma Co., Ltd.), oxycodone hydrochloride hydrate (Lot

SQA0027; Daiichi Sankyo Co., Ltd.), heparin sodium (Lot

C756; Mochida Pharmaceutical Co., Ltd.), and furosemide
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Table　2　Control solutions for each drug

Control solution a)

Turbidity (NTU) Tyndall effect Visual

Remdesivir 0.19 ± 0.04 None Colorless, clear

Fentanyl 0.04 ± 0.03b) None Colorless, clear

Morphine 0.09 ± 0.02 None Colorless, clear

Hydromorphone 0.04 ± 0.02 None Colorless, clear

Oxycodone 0.04 ± 0.04b) None Colorless, clear

Heparin 0.08 ± 0.03 None Colorless, clear

Furosemide 0.03 ± 0.03b) None Colorless, clear

Octreotide 0.03 ± 0.03 None Colorless, clear

Solyugen® Fc) 0.02 ± 0.03b) None Colorless, clear

Bfluid®d) 0.04 ± 0.03b) None Colorless, clear

Elneopa®-NF No. 2e) 0.01 ± 0.00b) None Yellow, clear

 (NTU, Nephelometric turbidity unit)

a) 6 mL of the target drug and 6 mL of 0.9% sodium chloride were combined

b) Including less than the quantification limit 

c) Acetated Ringer’s injection

d) 2-in-1 peripheral parenteral nutrition 

e) 2-in-1 total parenteral nutrition

(Lot D0142; Towa Pharmaceutical Co., Ltd.) were pre-

pared as solutions with concentrations of 0.05 mg/mL,

10 mg/mL, 10 mg/mL, 1,000 U/mL, and 10 mg/mL

without dilution. SolyugenⓇ F (Lot 22M42D; Hikari Phar-

maceutical Co., Ltd.), BfluidⓇ (Lot M2F86N; Otsuka Phar-

maceutical Factory, Inc.), and ElneopaⓇ-NF No. 2 (Lot K2

G82; Otsuka Pharmaceutical Factory, Inc.) were prepared

as is. Before being mixed as test or control solutions, each

of the prepared test materials was passed through a 0.22

μm filter (Millex-GV PVDF filter unit, Lot R1JB14225;

Merck Millipore, Ltd.). Furthermore, during each test, 1

mL of each target drug, including remdesivir, was pre-

pared for pH measurement.

Test solutions: In a turbidity measuring vial, the test so-

lutions were prepared by mixing remdesivir and the tar-

get drugs at an equal volume ratio (1:1) to a total volume

of 12 mL. The compatibility tests were conducted by pre-

paring three test solutions. pH, turbidity, visual inspec-

tion, and the Tyndall effect were evaluated immediately

after mixing, and at 1 h and 4 h post-mixing. The pH

and turbidity were measured by inverting the test solu-

tions 10 times immediately before measurement.

Control solutions: Control solutions were prepared for

all target drugs to evaluate their visual appearances, in-

cluding turbidity. The control solutions were prepared

with 0.9% sodium chloride to a concentration corre-

sponding to the test solution.

Physical compatibility tests: pH was measured using a

pH meter (LAQUA act D72, Horiba, Ltd.) and a pH elec-

trode (9618S-10D, Horiba., Ltd.) according to the 18th edi-

tion of the Japanese Pharmacopeia13. The pH meter was

calibrated before each experiment using pH 4, pH 7, and

pH 9 standards. Turbidity was measured using a turbidi-

meter (TurbiDirect TB300IR, Tintometer., GmbH.) based

on the scattered light measurement method. Three con-

secutive measurements of turbidity were performed for

each test solution in each period. The turbidimeter was

calibrated before each experiment using the standard tur-

bidity of <0.1, 20, 200, and 800 nephelometric turbidity

units (NTU) according to the manufacturer’s recommen-

dations. The dynamic range of the turbidimeter used was

0.01-1,100 NTU. If an individual measurement result sur-

passed the dynamic range, the sample was recorded as

0.01 NTU or 1,100 NTU, and it was specified that the

limit of quantification was exceeded.

Visual inspection was performed against both a white

and black background with the naked eyes at a position

of light intensity of 2,000 to 3,750 lx under a white LED

light source (DS-LS24DSM-W, illumination; 3,000 lx un-

der the condition of 30 cm straight down, OHM Electric.,

INC.) according to the 18th edition of the Japanese Phar-

macopeia13. The presence of the Tyndall effect was ob-

served by shining a red laser pointer (PR500-RC, 635 nm,

maximum output 1 mW or less, Canon Marketing Japan

Co., Ltd.) from the bottom of each test solution in the

dark.

Physical incompatibilities were determined by visual,

turbidity, and pH assessments. Visual and turbidity-

based physical incompatibilities were defined as gross

precipitation, change in the Tyndall effect, cloudiness, or
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Table　3　Physical compatibility of remdesivir with test drugs

Combination of the test drugs Immediately 1 h 4 h

Remdesivir  Fentanyl  Visual Colorless, clear Colorless, clear Colorless, clear

Conc 1 mg/ mLa) 0.05 mg/mL Tyndall None None None

Mfr Gilead Sciences Terumo pH 3.91 ± 0.01 3.87 ± 0.05 3.80 ± 0.01

pH 3.60 4.08 Turbidity (NTU) 0.14 ± 0.03 0.15 ± 0.04 0.19 ± 0.05

Remdesivir Morphine  Visual Colorless, clear Colorless, clear Colorless, clear

Conc 1 mg/ mLa) 10 mg/mL Tyndall None None None

Mfr Gilead Sciences Shionogi Pharma pH 3.27 ± 0.01 3.23 ± 0.03 3.23 ± 0.02

pH 3.61 2.79 Turbidity (NTU) 0.13 ± 0.04 0.15 ± 0.05 0.19 ± 0.05

Remdesivir Hydromorphone  Visual Colorless, clear Colorless, clear Colorless, clear

Conc 1 mg/ mLa) 1 mg/mLb) Tyndall None None None

Mfr Gilead Sciences Daiichi Sankyo pH 3.87 ± 0.01 3.86 ± 0.02 3.93 ± 0.03

pH 3.60 3.93 Turbidity (NTU) 0.12 ± 0.04 0.11 ± 0.03 0.15 ± 0.03

Remdesivir  Oxycodone  Visual Colorless, clear Colorless, clear Colorless, clear

Conc 1 mg/ mLa) 10 mg/mL Tyndall None None None

Mfr Gilead Sciences Daiichi Sankyo pH 4.40 ± 0.03 4.38 ± 0.02 4.49 ± 0.02

pH 3.60 4.55 Turbidity (NTU) 0.16 ± 0.04 0.18 ± 0.05 0.18 ± 0.06

Remdesivir Heparin  Visual Colorless, clear Colorless, clear Colorless, clear

Conc 1 mg/ mLa) 1,000 U/mL Tyndall None None None

Mfr Gilead Sciences Mochida pH 4.78 ± 0.01 4.78 ± 0.01 4.76 ± 0.04

pH 3.76 5.60 Turbidity (NTU) 0.12 ± 0.02 0.15 ± 0.06 0.20 ± 0.05

Remdesivir Furosemide  Visual Colorless, clear Colorless, clear Colorless, clear

Conc 1 mg/ mLa) 10 mg/mL Tyndall None None None

Mfr Gilead Sciences Towa pH 8.65 ± 0.07 8.65 ± 0.04 8.81 ± 0.06

pH 3.67 9.07 Turbidity (NTU) 0.19 ± 0.07 0.23 ± 0.03 0.22 ± 0.07

Remdesivir  Octreotide  Visual Colorless, clear Colorless, clear Colorless, clear

Conc 1 mg/ mLa) 30 μg/mLb) Tyndall None None None

Mfr Gilead Sciences Aska pH 4.05 ± 0.01 4.03 ± 0.03 4.02 ± 0.01

pH 3.74 4.07 Turbidity (NTU) 0.07 ± 0.05 0.13 ± 0.06 0.07 ± 0.05

Remdesivir Solyugen® Fc)  Visual Colorless, clear Colorless, clear Colorless, clear

Conc 1 mg/ mLa) Undiluted solution Tyndall None None None

Mfr Gilead Sciences Hikari pH 5.90 ± 0.06 5.90 ± 0.06 5.90 ± 0.07

pH 3.74 6.55 Turbidity (NTU) 0.06 ± 0.03 0.05 ± 0.02 0.06 ± 0.04

Remdesivir  Bfluid®d)  Visual Colorless, clear Colorless, clear Colorless, clear

Conc 1 mg/ mLa) Undiluted solution Tyndall None None None

Mfr Gilead Sciences Otsuka pH 6.64 ± 0.02 6.65 ± 0.04 6.64 ± 0.01

pH 3.76 6.75 Turbidity (NTU) 0.06 ± 0.05 0.07 ± 0.01 0.02 ± 0.02

Remdesivir Elneopa®-NF No.2e) Visual Yellow, clear Yellow, clear Yellow, clear

Conc 1 mg/ mLa) Undiluted solution Tyndall None None None

Mfr Gilead Sciences Otsuka pH 5.34 ± 0.01 5.33 ± 0.02 5.36 ± 0.01

pH 3.76 5.32 Turbidity (NTU)  0.04 ± 0.03f) 0.05 ± 0.04 0.04 ± 0.03

 (Conc, Concentration of the tested drug; Mfr, Manufacturer of the test drug; NTU, Nephelometric turbidity unit)

a) Dissolved in 19 mL of water for injection and then diluted with 0.9% sodium chloride

b) Prepared in 0.9% sodium chloride injection 

c) Acetated Ringer’s injection 

d) 2-in-1 peripheral parenteral nutrition

e) 2-in-1 total parenteral nutrition 

f) Including less than the quantification limit

a turbidity change of ≥ 0.5 NTU, based on the highest

turbidity in the control solutions14―16. A pH change of ≥
10% relative to the pH immediately after mixing was de-

fined to be indicative of physical incompatibility17.
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Results

The control solutions for each drug are listed in Table 2.

The turbidity of remdesivir’s control solution was 0.19 ±

0.04 NTU, the highest turbidity value among control so-

lutions. The Tyndall effect was not observed in any of the

control solutions.

The results of all compatibility tests and the pH of

each drug before the tests are listed in Table 3. The pH

of remdesivir (mean value ± standard deviation) was

3.68 ± 0.07 (n =10). Morphine had the lowest pH of 2.79,

and furosemide had the highest pH, at 9.07. The combi-

nation of remdesivir and morphine (3.23 ± 0.02) 4 h after

mixing, and the combination of remdesivir and fu-

rosemide (8.81 ± 0.06) 4 h after mixing, had the lowest

and highest pH, respectively. The combination of rem-

desivir and furosemide produced the highest turbidity

and change of turbidity than the remdesivir control solu-

tion (0.23 ± 0.03 NTU; change of turbidity, 0.04 NTU) 1 h

after mixing. Therefore, remdesivir was compatible with

all the drugs and drug combinations up to 4 h after mix-

ing.

Discussion

Our results revealed that during simulated Y-site admini-

stration, remdesivir had no physical incompatibilities

with fentanyl, morphine, hydromorphone, oxycodone,

heparin, furosemide, octreotide, acetated Ringer’s injec-

tion, 2-in-1 PPN, or 2-in-1 TPN. These findings may be

useful in deciding whether to administer a combination

of these drugs through the same infusion route.

The mixing of injection drugs carries the risk of poten-

tial physicochemical incompatibility and should be

avoided as much as possible. Mixing of injectable drugs,

including continuous infusions, is considered based on

the results of physicochemical compatibility tests while

mixing of intermittent drugs can be avoided by schedul-

ing. Therefore, in this study, a continuous infusion drug

was selected as the target drug for the compatibility test

with remdesivir. Octreotide was investigated as a target

drug in this study in combination with remdesivir; al-

though continuous intravenous infusion of octreotide for

treatment of malignant bowel obstruction is not recom-

mended in Japan18, in practice, octreotide is sometimes

administered by continuous intravenous infusion during

off-label use8.

The pH of remdesivir compounded with the target

drugs ranged from 3.23 (remdesivir and morphine) to

8.81 (remdesivir and furosemide), whereas the pH of

remdesivir without the target drugs was 3.68 ± 0.07.

However, no combinations were found to be incompat-

ible in this study. Furosemide has been reported to be in-

compatible with other drugs due to pH fluctuations and

furosemide (10 mg/mL) has a cloudy appearance below

pH 6.2719. Remdesivir has a lower buffering capacity than

furosemide, and thus furosemide and remdesivir could

be combined, as the buffering capacity of remdesivir was

lower than that of furosemide, and the combination of

remdesivir and furosemide did not have a pH below

6.27. In this study, remdesivir did not show any relation-

ship between pH fluctuation and drug incompatibility.

This study has some limitations. Primarily, chemical

compatibility evaluations, encompassing stability assess-

ments, were not undertaken. Hence, when administering

remdesivir in conjunction with the drugs examined in

this research, including opioids, heparin, furosemide, and

octreotide, considering the potential instability of these

medications and tracking their therapeutic impacts are

essential. Additionally, due to the short-term nature of

the investigation, we did not determine whether the for-

mulations of the drugs left for more than 4 h were in-

compatible.

Conclusions

This study found no physical incompatibilities in the

combination of remdesivir with fentanyl, morphine, hy-

dromorphone, oxycodone, heparin, furosemide, octreo-

tide, acetated Ringer’s injection, 2-in-1 PPN, or 2-in-1

TPN up to 4 h after mixing. This study provides useful

data to prove that remdesivir can be administered

through the existing infusion route for patients who have

difficulty securing an infusion route.
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