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Two cases of circulatory collapse due
to suspected remimazolam anaphylaxis
Satoshi Uchida*, Daiki Takekawa, Masato Kitayama and Kazuyoshi Hirota

Abstract
Background: Remimazolam was approved in Japan in January 2020. We report two cases of circulatory collapse due
to suspected remimazolam anaphylaxis during anesthetic induction.
Case presentation: Case 1: A 74-year-old male was scheduled for debridement and skin grafting for a severe burn
injury. We induced anesthesia with 4 mg of remimazolam and 20 mg of ketamine. The patient subsequently developed treatment-resistant severe hypotension.
Case 2: A 59-year-old male was scheduled for laparoscopic-assisted sigmoid colectomy. We induced anesthesia with 9
mg of remimazolam. Within a few minutes, the patient developed treatment-resistant severe hypotension.
As serum tryptase was elevated in both cases and only intravenous administration of adrenaline was effective, we
considered the circulatory collapse might be due to anaphylaxis.
Conclusion: We experienced two cases of circulatory collapse due to suspected remimazolam anaphylaxis during
anesthetic induction. The prevalence of remimazolam anaphylaxis is not yet known, and further research is needed.
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Background
Remimazolam besylate (Anerem®), a novel benzodiazepine characterized by its ultra-short acting property
with flumazenil as a specific antagonist, was approved in
Japan in January 2020 [1]. Although the safety of remimazolam has been evaluated [2, 3], the frequency of
related anaphylaxis is not yet known and one published
report describes a case of remimazolam anaphylaxis [4].
Here, we report two cases of circulatory collapse due to
suspected remimazolam anaphylaxis during anesthetic
induction with elevated serum tryptase.
Case presentation
Case 1

A 74-year-old male (height, 157 cm; weight, 78 kg) with
no history of drug allergy was scheduled for a third
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debridement and skin grafting for a severe burn injury.
He had a past medical history of hypertension and diabetes. The first debridement was performed one month
before, and anesthesia was induced and maintained with
remimazolam, propofol, ketamine, fentanyl, and rocuronium without any problems during the first surgery. The
second debridement with tracheostomy was performed 9
days before, but the operation was discontinued because
non-sustained ventricular tachycardia occurred due to
the development of intraoperative hypothermia. Anesthesia was induced and maintained with propofol, ketamine, fentanyl, and rocuronium without any problems
during the first surgery.
Before anesthetic induction for the third surgery,
the patient’s vital signs were as follows: blood pressure,
162/64 mmHg; heart rate, 81 bpm; and SpO2, 94%. We
connected a ventilator circuit to the tracheostomy tube
without any problem. We induced anesthesia with 4 mg
of remimazolam and 20 mg of ketamine. His systolic
blood pressure quickly dropped to 30–40 mmHg, and
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 pO2 dropped to 73% without any S–T change in electroS
cardiography. Wheezing and any other abnormal respiratory sounds were not audible.
We administrated 100 μg of noradrenaline in multiple divided doses, but hemodynamics did not change
drastically. We then administered 50 μg of intravenous
adrenaline repeatedly (total 250 μg) and 2000 mL of
crystalloid, and his blood pressure and SpO2 returned to
115/70 mmHg and 98%. At this point, we could not diagnose anaphylaxis because skin symptoms could not be
confirmed due to the burn injury and there were no respiratory symptoms. We suspected that this severe hypotension was caused by hypovolemic and/or septic shock
due to burn wound infection, which was emphasized by
administration of anesthetics. Considering that the previous surgery had been canceled halfway, we decided to
continue the surgery. Anesthesia was maintained with
propofol, ketamine, and fentanyl with 0.03–0.2 μg/kg/
min of continuous intravenous infusion of adrenaline
during the surgery (Fig. 1).
The surgery was completed, and a subsequent blood
test suggested that circulatory collapse after anesthetic
induction was due to anaphylaxis. Serum tryptase level
was elevated from baseline sample (2.9 μg/L) to acute
sample (8.3 μg/L).
Case 2

A 59-year-old male (height, 176 cm; body weight, 52
kg) with no history of drug allergy was scheduled for a
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laparoscopic-assisted sigmoid colectomy. He had a past
medical history of diabetes. He had undergone esophageal bypass surgery for cervical esophageal cancer and
open liver biopsy. Anesthesia was induced and maintained with propofol, remifentanil, ketamine, and rocuronium during the previous surgery.
Before anesthetic induction, his vital signs were as
follows: blood pressure, 124/84 mmHg; heart rate, 88
bpm; and S
 pO2, 99%. We induced anesthesia with 9 mg
of remimazolam divided into three doses. The patient
then complained of discomfort. Within a few minutes,
he developed sinus tachycardia of 105 bpm, and we
were unable to measure blood pressure with the manchette method due to hypotension and body movement. We were able to palpate the radial artery pulse
slightly. Although the patient seemed to lose consciousness, the bispectral index was more than 90 and body
movement continued. We administered 8 mg of ephedrine and intubated immediately after administration of
60 mg of propofol and 40 mg of suxamethonium. We
catheterized the radial artery at the same time. Since
the patient’s systolic blood pressure remained at 30–40
mmHg, ephedrine and phenylephrine were administered repeatedly, but hemodynamics did not change.
Thus, we administered intravenous 50 μg of adrenaline
repeatedly (total 300 μg), following which his blood
pressure returned to 85/45 mmHg and hemodynamic
was stabilized. After confirming hemodynamic stability,

Fig. 1 Time course of general anesthesia in case 1. We stopped adrenaline infusion at the end of anesthesia

Uchida et al. JA Clinical Reports

(2022) 8:18

we started 2 mg/kg/h of continuous intravenous infusion of propofol for sedation.
At this point, we could not diagnose anaphylaxis
because skin and respiratory symptoms could not be
confirmed. We performed echocardiography, but no segmental asynergy, right ventricular dilatation, or inferior
vena cava collapse was observed. Troponin T was not
elevated (0.001 ng/mL). The operation was discontinued,
and subsequent blood test suggested anaphylaxis. Serum
tryptase was elevated from the baseline sample (4.1 μg/L)
to the acute sample (7.8 μg/L). The time course of general
anesthesia was shown in Fig. 2. We suspected remimazolam anaphylaxis considering the onset situation. However, the skin prick and intradermal tests were negative
for remimazolam.
One month later, the operation was rescheduled, and
anesthesia was induced and maintained with propofol,
ketamine, fentanyl, and rocuronium. This operation was
completed without any problems.

Discussion
We present two cases of circulatory collapse due to suspected remimazolam anaphylaxis. Since serum tryptase
was elevated in both cases, we diagnosed the circulatory collapse as due to anaphylaxis. In case 1, we induced
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anesthesia with 4 mg of remimazolam and 20 mg of ketamine, and then circulatory collapse occurred. Anaphylaxis due to ketamine is extremely rare [5]. Additionally,
we maintained anesthesia with ketamine during surgery, while titrating the dose of adrenaline. Thus, it was
unlikely that ketamine induced anaphylaxis, and remimazolam was more likely the cause. As remimazolam
was used in the first debridement, the patient may have
become sensitized to it. However, as we did not conduct
any allergy tests due to lack of patient’s consent, we could
not confirm this diagnosis.
In case 2, we induced anesthesia with only 9 mg of
remimazolam, after which circulatory collapse occurred.
However, skin prick and intradermal tests were negative
for remimazolam. A systematic review and meta-analysis reported that the sensitivity and specificity for the
skin-prick test were 85 and 77%, respectively, while the
sensitivity and specificity for the intradermal test were
60–79% and 68%, respectively [6]. Thus, the possibility of
remimazolam anaphylaxis was not completely ruled out.
Considering the situation at the onset of anaphylaxis,
remimazolam was likely the causative drug.
Anaphylaxis is often diagnosed through clinical criteria. During general anesthesia, it is more difficult to recognize the symptoms of anaphylaxis, such as hypotension

Fig. 2 Time course of general anesthesia in case 2. We were unable to measure blood pressure with the manchette method after remimazolam
infusion. It was due to hypotension and the body movement. Following then, we catheterized the radial artery, but it took some time. We were able
to palpate the radial artery pulse slightly during this period. TTE: Transthoracic echocardiography
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and respiratory symptoms, because anesthetics and tracheal intubation mask these symptoms and patients are
unable to complain of them. Additionally, the skin symptom may not always appear in the patient with anaphylaxis under general anesthesia [7]. Therefore, obtaining
paired acute-to-baseline serum tryptase level is recommended [7, 8]. Serum tryptase levels of acute phase >
([1.2×baseline tryptase] + 2) μg/L was reported to be a
clinically significant rise, and the sensitivity and specificity of this value were 75 and 86%, respectively [9]. As our
two cases met this criterion, we suspected that circulatory collapse was due to anaphylaxis. However, we should
have suspected anaphylaxis during the surgeries, because
only intravenous administration of adrenaline was effective to both patients. In case 1, if we could have suspected
anaphylaxis, we could also discontinue ketamine as a suspected drug.
Remimazolam anaphylaxis due to cross-reactivity with
midazolam has been reported [4]. The only structural
difference between midazolam and remimazolam is that
the latter has an ester bond in the side chain. In case 2,
however, there was no history of midazolam use in addition to remimazolam. Therefore, we speculate that remimazolam anaphylaxis may occur not only for structural
reasons, but also for other factors. Anelem®, as well as
ByFavo™ and Aptymida™, remimazolam used in the USA
and UK, respectively, contain dextran 40 as an additive.
The prevalence of dextran 40 anaphylaxis is reported
to be 0.003%, and even a small dose of dextran solution
could induce anaphylaxis [10]. Thus, it is possible that the
anaphylaxis was due to dextran 40.
Dextran anaphylaxis is known to be caused by an antidextran antibody that is present in most human bodies
[11]. The anti-dextran antibody is induced by dextran
contaminants in sugar, dextran in dental plaque, the
cell wall of intestinal bacteria, pneumococci, etc., which
means that we are sensitized to dextran in daily life [12].
On the other hand, skin test is reported not to be useful for dextran allergy [13]. Thus, the causative drug for
anaphylaxis may have been dextran 40 added to remimazolam, especially in case 2.

Conclusion
We experienced two cases of circulatory collapse due to
suspected remimazolam anaphylaxis during anesthetic
induction. As dextran 40 is added to remimazolam, clinicians should be careful for patients with allergy to
dextran or products containing dextran when using remimazolam. Additionally, the prevalence of remimazolam
anaphylaxis is not yet known and further research is
needed.
Acknowledgements
None.

Page 4 of 5

Authors’ contributions
SU and MK experienced cases 1 and 2, respectively. SU wrote the first draft of
the manuscript. DT and KH made the critical revisions. The authors read and
approved the final manuscript.
Funding
None.
Availability of data and materials
Not applicable.

Declarations
Ethics approval and consent to participate
Not applicable.
Consent for publication
Informed consent for scientific publication was obtained from the patients.
Competing interests
The authors declare that they have no competing interests.
Received: 20 January 2022 Revised: 22 February 2022 Accepted: 23
February 2022

References
1. Masui K. Remimazolam besilate, a benzodiazepine, has been approved
for general anesthesia!! J Anesth. 2020;34:479–82.
2. Doi M, Morita K, Takeda J, Sakamoto A, Yamakage M, Suzuki T. Efficacy
and safety of remimazolam versus propofol for general anesthesia: a
multicenter, single-blind, randomized, parallel-group, phase IIb/III trial. J
Anesth. 2020;34:543-53.
3. Doi M, Hirata N, Suzuki T, Morisaki H, Morimatsu H, Sakamoto A. Safety
and efficacy of remimazolam in induction and maintenance of general
anesthesia in high-risk surgical patients (ASA Class III): results of a multicenter, randomized, double-blind, parallel-group comparative trial. J
Anesth. 2020;34:491-501.
4. Tsurumi K, Takahashi S, Hiramoto Y, Nagumo K, Takazawa T, Kamiyama
Y. Remimazolam anaphylaxis during anesthesia induction. J Anesth.
2021;35:571–5.
5. Mertes P, Demoly P, Malinovsky J. Hypersensitivity reactions in the
anesthesia setting/allergic reactions to anesthetics. Curr Opin Allergy Clin
Immunol. 2012;12:361–8.
6. Nevis IF, Binkley K, Kabali C. Diagnostic accuracy of skin-prick testing for
allergic rhinitis: a systematic review and meta-analysis. Allergy Asthma
Clin Immunol. 2016;12:20.
7. Garvey LH, Dewachter P, Hepner DL, Mertes PM, Voltolini S, Clarke R, et al.
Management of suspected immediate perioperative allergic reactions: an
international overview and consensus recommendations. Br J Anaesth.
2019;123:e50–64.
8. Takazawa T, Yamaura K, Hara T, Yorozu T, Mitsuhata H, Morimatsu H. Working Group for the Preparation of Practical Guidelines for the Response to
Anaphylaxis, Safety Committee of the Japanese Society of Anesthesiologists. Practical guidelines for the response to perioperative anaphylaxis. J
Anesth. 2021;35:778–93.
9. Vitte J, Amadei L, Gouitaa M, Mezouar S, Zieleskiewicz L, Albanese J, et al.
Paired acute-baseline serum tryptase levels in perioperative anaphylaxis:
An observational study. Allergy. 2019;74:1157–65.
10. Ljungström KG, Renck H, Strandberg K, Hedin H, Richter W, Widerlöv E.
Adverse reactions to dextran in Sweden 1970-1979. Acta Chir Scand.
1983;149:253–62.
11. Hedin H, Richter W. Pathomechanisms of dextran-induced anaphylactoid/anaphylactic reactions in man. Int Arch Allergy Appl Immunol.
1982;68:122–6.
12. Shiratori T, Sato A, Fukuzawa M, Kondo N, Tanno S. Severe
Dextran-Induced Anaphylactic Shock during Induction of

Uchida et al. JA Clinical Reports

(2022) 8:18

Hypertension-Hypervolemia-Hemodilution Therapy following Subarachnoid Hemorrhage. Case Rep Crit Care. 2015;2015:967560.
13. Harper NJ, Dixon T, Dugué P, Edgar DM, Fay A, Gooi HC, et al. Working
Party of the Association of Anaesthetists of Great Britain and Ireland. Suspected anaphylactic reactions associated with anaesthesia. Anaesthesia.
2009;64:199–211.

Publisher’s Note

Springer Nature remains neutral with regard to jurisdictional claims in published maps and institutional affiliations.

Page 5 of 5

