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Abstract

Anaphylactic shock is a potentially lethal complication during anesthesia and requires appropriate management to save the
patient’s life. We report a 32-year-old man who developed anaphylaxis during induction of general anesthesia with remima-
zolam for hand surgery. He received general anesthesia with midazolam 4 weeks before. This time facial flushing followed by
a decrease of peripheral oxygen saturation (SpO,) and blood pressure occurred 2 min after starting continuous remimazolam
infusion at 6 mg/kg/h. Hypotension and SpO, were recovered by repeated administration of adrenaline. Despite no increase
of serum tryptase levels, intradermal allergy tests 4 weeks postoperatively revealed that remimazolam and midazolam were
positive, suggesting remimazolam as a causative agent for anaphylaxis. In the previous surgery, midazolam, which has a
similar structure to remimazolam, may have caused sensitization. This is probably the first case report of anaphylaxis caused

by remimazolam.
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Introduction

Anaphylaxis is an acute, systemic allergic reaction that
triggered by mediators released by mast cells and basophils
activated via allergic or non-allergic mechanisms. Although
rare, it can cause fatal shock [1-3]. During anesthesia induc-
tion, various drugs are administered over a short time period,
often making it difficult to identify the causative agent of
anaphylaxis occurring at this time. Currently, the known
common causes of perioperative anaphylaxis are muscle
relaxants and antimicrobial agents [4, 5].

Remimazolam besylate (Anerem®), which we use for
induction of anesthesia, is an ultra-short-acting benzodiaz-
epine intravenous anesthetic [6] that was newly launched
in Japan on Aug 7, 2020, ahead of the rest of the world, by
Mundipharma Co. (Sydney, Australia) [7, 8]. Its safety for
use as a sedative has been previously evaluated [9]. So far
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(Feb 2021), no case of anaphylaxis caused by remimazolam
has been reported.

In this study, we report our experience with a patient
who suffered severe anaphylactic shock during induction of
anesthesia with remimazolam. From these and postoperative
allergen identification skin tests, we were able to identify the
causative drug as remimazolam. Written consent for publica-
tion of this case report was obtained from the patient.

Case presentation

The patient was a 32-year-old man, 162 cm tall, weighing
60 kg. He had no significant previous medical history and no
history of allergy. He underwent a surgery for the right wrist
open injury on the day of admission, and autologous free
composite tissue grafting on the eighth day under general
anesthesia. The two surgeries were completed without any
adverse events (Table 1).

Anaphylactic shock occurred during the third surgery,
which involved right intraosseous insert removal on the
36th day. After entering the operating room, oxygenation
was started at 6 L/min, followed by intravenous remifentanil
0.3 pg/kg/min and fentanyl 100 pug under standard moni-
toring. Then, an infusion of remimazolam was started at
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Table 1 Drug information

Drugs given during the 1st anesthesia and surgery

Drugs given during the 2nd anesthesia and surgery

Desflurane, propofol, fentanyl, remifentanil, rocuronium, phenylephrine,

ephedrine, prostaglandin alfa-dex, dexmedetomidine, ulinastatin,
heparin, cefazolin sodium

Desflurane, propofol, fentanyl, remifentanil, rocuronium, ephed-
rine, dobutamine, calcium gluconate, prostaglandin alfa-dex,
midazolam, pethidine, acetaminophen

6 mg/kg/h. Facial flushing occurred 2 min later, after infu-
sion of remimazolam 12 mg. Desflurane inhalation was
commenced, and rocuronium 50 mg was administered after
confirming the loss of consciousness and stopping infusion
of remimazolam. Following facial flushing, a decrease in
SpO, and systolic blood pressure was observed. The patient
was manually ventilated using bag-mask ventilation, but
since his SpO, decreased further to 75% and he appeared
cyanotic without typical wheezy sounds on auscultation,
he was urgently intubated. Hypotension was treated with
12 mg ephedrine administered intravenously. However,
there was no improvement in oxygenation and blood pres-
sure, and SpO, dropped to 68% and systolic blood pressure
to 49 mmHg. Diagnosing anaphylactic shock, we admin-
istered 0.5 mg of adrenaline intravenously. Immediately
after injection of adrenaline, improvement in oxygenation
and increase in blood pressure were observed. An arterial
catheter was inserted through the left radial artery. 20 min
after the first dose of adrenaline, hypoxia and hypotension
recurred, with a SpO, of 77% and systolic blood pressure of
89 mmHg. Subsequently, adrenaline, 0.25 mg intravenously
and 0.5 mg intramuscularly, was administered, which once
again resulted in stabilization of his vital signs. Given the
patient’s condition, the surgical procedure was changed to
only reduction with debridement. After his vitals were sta-
bilized, 20 mg of famotidine, 5 mg of d-chlorpheniramine,
and 100 mg of hydrocortisone were administered. A total
of 1600 ml of extracellular fluid were administered during
surgery. At the end of surgery, dexmedetomidine was started
at 40 pg/h, and adrenaline at 0.05 pg/kg/min to maintain
systolic blood pressure above 90 mmHg, and the patient was
discharged to the ICU with his trachea still intubated. The
vital signs from the time of entry into the operating room to
the time of their stabilization is shown in Fig. 1.

On admission of ICU, his serum lactate level was
98.6 mg/dl and Troponin T level was 0.214 ng/ml. Echo-
cardiography showed that his left-ventricular wall motion
was normal. Since laryngoscopy showed marked laryngeal
edema, we judged that extubation was not possible until
the laryngeal edema improved. Intravenous hydrocortisone
(100 mg) was administered to prevent a bimodal anaphy-
laxis reaction and to treat laryngeal edema. While in the
ICU, his blood pressure and heart rate remained stable at
90/40-120/60 mmHg and 80-110 beats/min, respectively.
Fortunately, there was no reappearance of anaphylaxis. We
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extubated the patient the next day, after confirming that
there were no airway or respiratory issues. Since evaluation
revealed that there were no persistent circulatory or central
nervous system abnormalities, the patient was transferred
to the general ward.

Serum tryptase and histamine were 5.8 pg/ml and
1.5 ng/ml, respectively, immediately after the onset of
anaphylaxis. Tryptase levels were 5.6 ug/ml and 4.7 pg/
ml at 3 and 6 h after the onset of anaphylaxis, respectively.
About 4 weeks after the occurrence of anaphylaxis, skin
tests for allergen identification were performed (Fig. 2). A
total of three drugs were tested: rocuronium and remima-
zolam, which were suspect drugs, and midazolam, which
is a benzodiazepine sedative drug like remimazolam. The
results indicated positive intradermal tests with remima-
zolam and midazolam (Table 2).

Discussion

The patient developed anaphylaxis to remimazolam, and
probably, this is the first report. Skin tests performed about
4 weeks later evidenced a clear relationship between remi-
mazolam and anaphylaxis. It should be noted that mida-
zolam also showed positive results, suggesting that mida-
zolam used in the second surgery might have caused a
sensitization reaction, and remimazolam, which has similar
chemical structure to midazolam, subsequently caused ana-
phylaxis. Both remimazolam and midazolam have an imi-
dazobenzodiazepine structure [6]. Allergic reaction due to
cross-reactivity of drugs with similar chemical structures has
been reported previously [10].

Although rare, some cases of anaphylaxis due to mida-
zolam have been reported [11-13]. In these previous reports,
anaphylaxis due to midazolam was diagnosed when severe
hypotension, decreased oxygen saturation, and skin symp-
toms suddenly appeared 1-2 min after intravenous mida-
zolam. Although there are few reports of anaphylaxis due to
midazolam allergy itself, most cases occurred within a few
minutes after its administration, which is consistent with the
fact that allergy to remimazolam, which is structurally simi-
lar to midazolam, would also cause anaphylaxis within a few
minutes after administration. The high levels of histamine
in blood samples obtained after the onset of symptoms in
this case also suggest an immediate allergic reaction. Serum
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Fig. 1 The patient’s vital signs in the operating room

The patient’s vital signs in the operating room
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Fig.2 Photograph of the skin test for anaphylaxis. M midazolam,
R Remimazolam, NC Negative control, PC Positive control, Black
arrow positive response to remimazolam, White arrow positive
response to midazolam

tryptase is known to be elevated during anaphylaxis, but
there was no significant change in this case. Jeon et al. [11]
also reported midazolam anaphylaxis without elevation of
serum tryptase levels, which should be carefully evaluated
in the future [14].

The first-line drug for the treatment of anaphylaxis is
adrenaline. However, appropriate use of adrenaline in terms
of dosage and rate of administration requires careful moni-
toring, because excessive amounts can cause ventricular
tachycardia, excessive hypertension, myocardial damage,
coronary artery spasm, and pulmonary edema [15]. In our
case, adrenaline was administered intravenously at an initial
dose of 0.5 mg, followed by 0.25 mg intravenously. The
adrenaline doses recommended by the guidelines of differ-
ent countries vary [16—19]. We believe that the intravenous
dose of 0.5 mg of adrenaline was acceptable, even though his
systolic blood pressure increased to more than 180 mmHg
after the administration of adrenaline, because our patient
seemed about to go into cardiac arrest.
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Table 2 Results of skin tests

Prick test Intradermal test
Drugs Drug concen-  Diameter of Diameter of the Judgment Drugconcen-  Diameter of Diameter of the Judgment
tration (mg/ml) flare (mm) wheal (mm) tration (mg/ml) flare (mm) wheal (mm)
Negative control 0 0 (=) 0 3 (=)
Positive control 10 16 4 (+) 10 22 9 (+)
Remimazolam 0.05 0 0 ) 5 4 3 (=)
0.5 0 0 ) 50 4 3 (-)
5 0 0 ) 500 8 7 +)
Midazolam 0.05 0 0 ) 5 0 3 (=)
0.5 0 0 ) 50 0 3 (-)
5 0 0 ) 500 11 8 +)
Rocuronium 0.1 0 0 ) 0.5 0 3 (=)
1 0 0 ) 5 0 3 (=)
10 0 0 ) 50 0 3 (=)
In anaphylactic shock, which requires high doses of References

adrenaline for treatment, it is necessary to be aware of
subsequent complications. A study by Cha [20] assessing
troponin levels and echocardiography confirmed the occur-
rence of myocardial damage in 7.3% of 300 patients with
anaphylaxis. In the present case, troponin was positive in
blood samples collected at the time of ICU admission. Dur-
ing intensive care management, occurrence of a second wave
of anaphylaxis and cardiac disorders that can occur after
anaphylaxis, such as Kounis syndrome [21] and Takotsubo
cardiomyopathy [22], was ruled out by continued echocar-
diography monitoring. Fortunately, the patient recovered
without major complications and could be extubated the
day after the event.

This case report shows that remimazolam, although a
useful drug, can cause anaphylaxis. Cross-reactivity with
midazolam is also possible. Therefore, it is important to
observe the patient during induction of anesthesia and to
treat anaphylaxis-induced hypotension with adrenaline as
soon as possible.
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