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Physical Compatibility of Nafamostat with Analgesics, Sedatives,

and Muscle Relaxants for Treatment of Coronavirus Disease 2019
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Naoya Tagui, Masato Yoshida, Kazutoshi Sugaya and Hisamitsu Takase

Department of Pharmacy, Nippon Medical School Tama Nagayama Hospital, Tokyo, Japan
Background: Severe coronavirus disease 2019 (COVID-19) may require continuous administration of an-
algesics, sedatives, and muscle relaxants. Nafamostat has recently been reported as a therapeutic agent
for COVID-19. However, there is a lack of information on the compatibility of nafamostat with the
aforementioned drug classes. This study evaluated the physical compatibility of nafamostat with these
drug classes.
Methods: Nafamostat was combined with 1-3 target drugs (fentanyl, morphine, midazolam, dexmede-
tomidine, and rocuronium). Fifteen physical compatibility tests were conducted. Nafamostat was dis-
solved in 5% glucose solution; the final concentration was 10 mg/mL. All other medications were di-
luted in 0.9% sodium chloride to obtain clinically relevant concentrations. The power of hydrogen (pH)
of all medications was measured during each test. Compatibility tests were conducted with 4 test solu-
tions in which nafamostat and the target drugs were compounded at equal volume ratios (1:1, 1:1:1, or
1:1:1:1). Visual appearance, turbidity, and pH were evaluated immediately after mixing and at 1 and 3
hours. Physical incompatibilities were defined as gross precipitation, cloudiness, appearance of the Tyn-
dall effect, or a turbidity change of >20.5 nephelometric turbidity units (NTU) based on nafamostat.
Results: The mean pH of nafamostat was 3.13 + 0.03. The combination of nafamostat, fentanyl, and
dexmedetomidine had the highest pH (3.39 + 0.01; 3 hours after mixing). All drugs were compatible
with nafamostat until 3 hours after admixture, with a mean turbidity value of <0.03 NTU.
Conclusions: Infusions combining nafamostat with the tested sedatives, analgesics, and muscle relax-
ants could be safely administered. (J] Nippon Med Sch 2021; 88: 533-539)
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Introduction
The first case of coronavirus disease 2019 (COVID-19)
was reported in the People’s Republic of China in De-
cember 2019, and COVID-19 subsequently spread to
many countries, including Japan. Nafamostat is a thera-
peutic agent for pancreatitis and disseminated intravas-
cular coagulation'”. Continuous administration of nafa-
mostat 200 mg/day (0.06-0.20 mg/kg/hour) has been
used for treating disseminated intravascular coagulation.
Nafamostat has been reported to block the activity of se-

vere acute respiratory syndrome coronavirus 2 by inhibit-

ing transmembrane protease serine 2’ and has recently
been reported as a therapeutic agent for COVID-19"".
Patients with severe COVID-19 require mechanical
ventilation during extracorporeal membrane oxygenation
(ECMO) support™, and it is assumed they will need con-
tinuous injections of drugs such as analgesics, sedatives,
and muscle relaxants. COVID-19 increases the risk of
thrombosis, and the International Society on Thrombosis
and Hemostasis (ISTH) recommends prophylaxis with
heparin for patients requiring hospitalization’. Nafamo-
stat treatment for severe COVID-19 is thus likely to be
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administered in combination with these injections.

In the intensive care unit (ICU), multiple drugs are
often administered intravenously through the same
catheter line. Different techniques are used to avoid drug
incompatibility, such as changing the administration time
for each drug or flushing with normal saline before and
after each injection. However, in the case of continuous
infusions such as nafamostat, the only way to avoid drug
incompatibility is to use a separate line for each drug.
Therefore, information on compatibility tests is important
to avoid drug incompatibilities such as intravenous line
blockages and turbidity.

Patients with severe COVID-19 may require several
continuous injections of heparin, analgesics, sedatives, or
muscle relaxants, which may have to be combined and
administered through the same infusion route. A mixture
of nafamostat and heparin causes physical incompatibil-
ity because it produces a sparingly soluble sulfate”. Com-
patibility tests between nafamostat and analgesics, seda-
tives, and muscle relaxants have not been carried out
with morphine, dexmedetomidine, or rocuronium' . Ad-
ditionally, only a few multi-drug compatibility tests,
wherein 3 or more drugs were mixed, have been re-
ported. However, drug compatibility tests for COVID-19
are not sufficient. Therefore, this study aimed to evaluate
the physical compatibility of nafamostat with analgesics,
sedatives, and muscle relaxants during simulated Y-site
administration (an equal volume ratio) by visual inspec-
tion, turbidity evaluation, and power of hydrogen (pH)

measurement.

Materials and Methods

Since this study was a drug compatibility study and not
a clinical study, the ethics committee of Nippon Medical
School Tama Nagayama Hospital deemed ethical review
unnecessary. Analgesics, sedatives, and muscle relaxants
are the drug classes commonly combined with nafamo-
stat during the administration of injections through the
infusion line for severe COVID-19. The analgesics chosen
for this study were fentanyl and morphine, the sedatives
were midazolam and dexmedetomidine, and the muscle
relaxant was rocuronium. Although propofol is a fre-
quently used sedative”, it was excluded from this study
because it is a fat emulsion, which would make its evalu-
ation by visual inspection difficult.

Nafamostat (Lot NTC119W; Asahi Kasei Pharma Cor-
poration) was dissolved in a 5% glucose solution (Lot 9]
96P; Otsuka Pharmaceutical Factory, Inc.) to obtain a so-

lution with a concentration of 10 mg/mL. Morphine (Lot
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W5303; Shionogi Pharma Co., Ltd) and dexmedetomidine
(Lot FPF002; Sandoz) were diluted in 0.9% sodium chlo-
ride (Lot 0A78P; Otsuka Pharmaceutical Factory, Inc.) to
prepare solutions with concentrations of 2 mg/mL and 4
pg/mL, respectively. Fentanyl (Lot A0015; Terumo), mi-
dazolam (Lot JF5569; Sandoz), and rocuronium (Lot 8Y
011; Maruishi Pharmaceutical. Co., Ltd) were prepared as
solutions with concentrations of 0.05mg/mL, 5mg/mL,
and 10 mg/mL without dilution, respectively, since they
can be used as undiluted solutions. Each of the prepared
test materials was passed through a 0.22-um filter
(Millex-GV PVDF filter unit, Lot ROCA04857; Merck Mil-
lipore Ltd), after which compatibility testing for each of
the prepared test materials was performed. Nafamostat
was combined with 1-3 target drugs, and a total of 15
compatibility tests were conducted. In the 2-drug com-
patibility tests, nafamostat was mixed with fentanyl,
morphine, midazolam, dexmedetomidine, and rocu-
ronium. In the 3-drug compatibility tests, nafamostat and
one of the analgesics (fentanyl or morphine) were com-
bined with a sedative (midazolam or dexmedetomidine)
or rocuronium. In the 4-drug compatibility tests, nafamo-
stat, an analgesic (fentanyl or morphine), and rocu-
ronium were combined with a sedative (midazolam or
dexmedetomidine).

The compatibility test was conducted by preparing 4
test solutions in which nafamostat and the target drugs
were compounded in a turbidity-measuring vial at an
equal volume ratio (1:1, 1:1:1, or 1:1:1:1) to a total volume
of 12mL. In addition, 1 mL of each target drug, includ-
ing nafamostat, was prepared for pH measurement dur-
ing each test. Since it was unlikely that nafamostat and
the target drug would be mixed in an infusion bottle or
syringe, the observation time was up to 3 hours, which
allowed for evaluation of the possibility of mixing in the
infusion route'”. In the compatibility test, pH, turbidity,
visual appearance, and the Tyndall effect were evaluated
immediately after mixing and at 1 and 3 hours. pH and
turbidity were measured by inverting the test solutions
10 times immediately before measurement. The test was
conducted at room temperature (25 + 1°C) and in a scat-
tered light environment (400-500 Ix).

pH was measured using a pH meter (LAQUA act D72,
Horiba Ltd.), in accordance with the Japanese Pharmaco-
poeia, 17" edition. Turbidity was measured using a tur-
bidimeter (TurbiDirect TB300IR, Tintometer GmbH) and a
method based on the scattered light measurement
method. Three consecutive measurements of turbidity

were made for each test solution in each time period. In
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addition, 1 nafamostat reagent was used as a standard
for the turbidity value. The measurable range of the
measuring instrument was 0.01-1,100 nephelometric tur-
bidity units (NTU). If measured values were below or
above the quantitation limit, then the sample was ana-
lyzed as 0.01 NTU or 1,100 NTU, and it was specified
that the limit of quantification was included. If all 4 com-
pounded samples were below or above the detection
limit, then the values were specified as <0.01 NTU and
>1,100 NTU, respectively.

Visual inspection was performed against both a white
and a black background with unaided eyes at a light in-
tensity of 2,000-3,750 Ix under a white light source, as
suggested by the Japanese Pharmacopoeia, 17" edition.
The Tyndall effect was observed in the dark with a red
laser pointer (PR500-RC, 635 nm, maximum output 1
mW or less, Canon Marketing Japan Co., Ltd.). The laser
was applied from the bottom of the turbidity measuring
vial, and visual confirmation of the laser was defined as
presence of the Tyndall effect.

Physical incompatibilities were defined as gross pre-
cipitation, cloudiness, appearance of the Tyndall effect, or
a turbidity change of >0.5 NTU based on nafamostat'".

Results
The pH values (mean * standard deviation) of the test
materials before the compatibility tests were as follows:
nafamostat, 3.13 + 0.03 (n = 15); fentanyl, 4.24 + 0.08 (n =
6); morphine, 3.59 = 0.03 (n = 6); midazolam, 3.34 + 0.04
(n = 5); dexmedetomidine, 4.36 + 0.25 (n = 5); and rocu-
ronium, 2.97 + 0.03 (n = 7). The turbidity value of nafa-
mostat was <0.01 NTU (n = 1). The results of the all-
compatibility tests are shown in Table 1. The highest pH
was the combination of nafamostat, fentanyl, and
dexmedetomidine (3.39 = 0.01), 3 hours after mixing. The
lowest pH was the combination of nafamostat and rocu-
ronjium (3.01 = 0.01), 3 hours after mixing. The highest
turbidity was the combinations of nafamostat and mor-
phine and nafamostat, fentanyl, and midazolam (both
0.03 + 0.03 NTU), immediately after mixing. After its
preparation as an admixture, nafamostat was compatible
with all the drugs or all combinations of drugs until 3

hours.

Discussion
This study evaluated the combination of nafamostat with
analgesics, sedatives, and muscle relaxants that may need
to be administered through the same infusion route for

mechanical ventilation support during ECMO for
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COVID-19 patients. There were no physical incompati-
bilities in the combinations of nafamostat with the anal-
gesics, sedatives, and muscle relaxants tested in this
study. Therefore, this study is useful for those consider-
ing administration of combinations of these drugs
through the same infusion route.

Analgesics and sedatives are often administered con-
tinuously to manage pain, restlessness, and delirium in
patients under mechanical ventilation support during
ECMO. Although fentanyl is recommended for use as an
analgesic in the ICU"Y, it is associated with a lower sur-
vival rate because of sequestration within the ECMO cy-
cle”. Therefore, morphine is more likely to be selected for
patients under ECMO support. Furthermore, Clinical
Management Of Patients with COVID-19: A Guide for Front-
Line Healthcare Workers (version 2.1) states that use of
muscle relaxants may be considered for excessive sponta-
neous breathing efforts®. The use of muscle relaxants re-
quires administration of analgesics and sedatives. Anal-
gesics, sedatives, and muscle relaxants are often com-
bined and administered through the same route in the
ICU of our hospital, and other hospitals might use simi-
lar administration methods. Therefore, the muscle relax-
ant also underwent a 4-drug compatibility test.

The American Society of Health-System Pharmacists
cautions that drug compatibility information should not
be misinterpreted as applying to more than two specific
agents under the study conditions™. In addition, existing
compatibility studies of nafamostat with midazolam and
fentanyl were conducted at nafamostat concentrations of
50 mg/1,000 mL and 10 mg/500 mL, respectively, which
are lower than those used for COVID-19". The compati-
bility tests of midazolam and fentanyl and 3 or more
agents were carried out at a high nafamostat concentra-
tion (10 mg/mL). This study was the first to examine the
compatibility of nafamostat with morphine, dexmede-
tomidine, and rocuronium. The results demonstrated a
reduced risk of drug incompatibility during clinical man-
agement of COVID-19.

There were no combinations of physical incompatibili-
ties in this study. In a previous study, nafamostat dis-
solved in water for administration as an injection (10
mg/mL) had a cloudy appearance above a pH of 10.06™.
In this study, the combination of nafamostat, fentanyl,
and dexmedetomidine had the highest pH (3.39 + 0.01; 3
hours after mixing). Therefore, the present results for pH
evaluation are consistent with those of the previous
study, as the pH values for the drug combinations con-

taining nafamostat were below 10.06.
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This study had some limitations. Chemical compatibil-
ity tests, such as stability testing, were not conducted.
Nafamostat is known to undergo degradation after mix-
ing with sodium bisulfite, which is used as a stabilizer
during injectable preparation®”. Although there was no
injectable drug containing sodium bisulfite among the
tested drugs, there may have been instabilities while
combining the drugs in this study. However, a recent sys-
tematic review found that data on physical and/or
chemical compatibility were available for only 41 of the
possible 820 two-drug combinations (54%) that are com-
monly used in the ICU, and that data on chemical com-
patibility were available for only 9% of the possible com-
binations™. Information on compatibility tests for select-
ing an infusion line in the ICU area is limited. Although
this study evaluated only physical combination changes,
our results may have high clinical significance.

In conclusion, our study showed that there were no
physical incompatibilities when nafamostat was com-
bined with the tested analgesics, sedatives, and muscle
relaxants. Therefore, infusion line combinations of nafa-
mostat with the sedatives, analgesics, and muscle relax-
ants examined in this study are safe. Future studies of
chemical compatibility are warranted. Moreover, if new
treatment options for COVID-19 are reported, then addi-
tional drug compatibility tests should be performed to
ensure effective clinical management for patients with
COVID-19.
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