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We report the first two cases of Coronavirus Disease 2019 (COVID-19) whowere receiving intensive care includ-
ing favipiravir, and were clinically diagnosed with neuroleptic malignant syndrome (NMS) to focus attention on
NMS in COVID-19 management. Case 1: A 46-year-old-man with acute respiratory distress syndrome (ARDS)
caused by COVID-19 infection was being administered favipiravir. Fentanyl, propofol, and rocuronium were
also given. On day 3, midazolam administration was initiated for deep sedation. On day 5, his high body temper-
ature increased to 41.2 °C, creatine kinase level elevated, and he developed tachycardia, tachypnea, altered con-
sciousness, and diaphoresis. NMS was suspected, and supportive therapy was initiated. High-grade fever
persisted for 4 days and subsided on day 9. Case 2: A 44-year-old-manwith ARDS caused by COVID-19 infection
was being treatedwith favipiravir. On day 5, risperidonewas started for delirium.Onday 7, his body temperature
suddenly increased to 40.8 °C, his CK level elevated, and he developed tachycardia, tachypnea, altered conscious-
ness, and diaphoresis. NMS diagnosis was confirmed, and both, favipiravir and risperidonewere discontinued on
day 8. On the same day, his CK levels decreased, and his body temperature normalized on day 9.
Patients with COVID-19 infection frequently require deep sedation and develop delirium; therefore, more atten-
tion should be paid to the development of NMS in patients who are being administered such causative agents.
The mechanism underlying the occurrence of NMS in COVID-19 patients treated with favipiravir remains un-
known. Therefore, careful consideration of NMS development is necessary in the management of COVID-19
patients.
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1. Introduction

Themortality of patientswith Coronavirus Disease 2019 (COVID-19)
who were receiving mechanical ventilation in Japan is considerably
lower than that in the United States and European countries, possibly
because of the intensive care provide in Japan that included the use of
favipiravir to battle the exponential rise in the number of infections
[1-3]. Favipiravir has been investigated for its efficacy against influenza
[4], and has been widely used for COVID-19 patients who were receiv-
ing mechanical ventilation in observational studies in Japan.

Patientswith acute respiratory distress syndrome (ARDS) associated
with COVID-19 require deep sedation, neuromuscular blockade, and
steroid administration in some instances [5], and family visits are some-
times restricted owing to the high-risk of infection spread involved in
contact with COVID-19 patients [6]. Thus, patients with COVID-19 re-
quire sedatives and frequently develop delirium that is treated with
the administration of major tranquilizers, such as risperidone. In such
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clinical situations, we treated two COVID-19 cases in patients who had
high body temperature with increased serum creatine kinase (CK) dur-
ing intensive care that included the administration of favipiravir.

We report the first two cases of COVID-19 that were clinically diag-
nosed with neuroleptic malignant syndrome (NMS) to focus attention
on NMS in COVID-19 management.

2. Case presentation

2.1. Case 1

A46-year-old-manwith ARDS caused by COVID-19 infectionwas re-
ceiving mechanical ventilation and was being administered favipiravir
(1800 mg ∗ 2 on the first day followed by 800mg ∗ 2/day for the subse-
quent 9 days), mPSL (1 g/day for 3 days), and antibiotics ceftriaxone
(CTRX) 2 g/day and azithromycin (AZM) 500 mg/day for 3 days. Fenta-
nyl, propofol, and rocuroniumwere also given. Onday 3,midazolamad-
ministration was initiated for deep sedation; however, it was
discontinued on day 5 because of light sedation after oxygenation im-
proved. On day 5, his high body temperature increased to 41.2 °C, crea-
tine kinase level elevated, and he developed tachycardia, tachypnea,
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Fig. 1. Hospital course in case 1. CRP; c-reactive protein, BT; body temperature, CK; creatinine kinase.
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altered consciousness, and diaphoresis. NMS was suspected, and sup-
portive therapy was initiated. His breathing stabilized, and extubation
was performed on day 8. High-grade fever persisted for 4 days and sub-
sided on day 9. Blood test performed on day 9 showed severely in-
creased CK level (181,650 U/L) and acute kidney injury (Cre
2.6 mg/dL). Thereafter, the CK level decreased gradually, and his condi-
tion normalized. Supplemental oxygen was weaned off, and he was ad-
mitted to the general ward for rehabilitation therapy (see Fig. 1).

2.2. Case 2

A44-year-old-manwithARDS caused by COVID-19 infectionwas re-
ceiving mechanical ventilation and was being treated with favipiravir
Fig. 2. Hospital course in case 2. CRP; c-reactive prote
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(1800 mg ∗ 2 on the first day, followed by 800 mg ∗ 2/day for 8 days),
mPSL (100 mg/day for 3 days), and antibiotics [tazobactam/piper-
acillin (TAZ/PIPC) and azithromycin (AZM)]. On day 5, risperidone
was started for delirium. On day 7 (10 day after the development
of high-grade fever in case 1), his body temperature suddenly in-
creased to 40.8 °C, his CK level elevated, and he developed tachy-
cardia, tachypnea, altered consciousness, and diaphoresis. NMS
diagnosis was confirmed, and both, favipiravir and risperidone
were discontinued on day 8. On the same day, his CK levels de-
creased, and his body temperature normalized on day 9. On day
13, tracheostomy was performed, and mechanical ventilation was
weaned off on day 22, and his condition was stabilized (see
Fig. 2).
in, BT; body temperature, CK; creatinine kinase.

2

Image of Fig. 2
Image of Fig. 1


M. Soh, T. Hifumi, S. Isokawa et al. American Journal of Emergency Medicine 38 (2020) 2243.e1–2243.e3
3. Discussion

Two patients with COVID-19 infection who were receiving me-
chanical ventilation fulfilled Levenson's criteria for the diagnosis of
NMS [7]. Causative agents, such as midazolam and fentanyl were
discontinued in Case 1. Following the experience of case 1, risperi-
done was discontinued quickly in case 2, thus preventing the
worsening of the condition.

Several cases of NMS caused by midazolam use have been re-
ported in Japan [8], and risperidone-induced NMS has been com-
monly reported [9]. However, the short duration of midazolam use
did not allow us to exclude it as the possible cause of NMS. Risperi-
done was administered in case 2 for delirium control and was
discontinued earlier in case 2, on the basis of the experience of case
1 in terms of NMS. Patients with COVID-19 infection frequently re-
quire deep sedation and develop delirium; therefore, more attention
should be paid to the development of NMS in patients who are being
administered such causative agents.

With regard to the association of favipiravir administration
(favipiravir is a potent and selective RNA-dependent RNA polymerase
inhibitor) and NMS development, it is considered that favipiravir
could cause rhabdomyolysis because patients with influenza treated
with favipiravir exhibited increased CK levels [10]. However, the direct
association of favipiravir with NMS remains unknown. In the current
two cases, favipiravir was discontinued on day 10 in case 1 and on day
8 in case 2. Consequently, fever subsided in both the cases in conjunc-
tion with other therapies. The number of COVID-19 positive patients
being treated with favipiravir is increasing not only in Japan, but also
across the world, including countries like China and the United States
[11,12]; therefore, further research on the association between
favipiravir use and NMS development in COVID-19 patients is
warranted.

COVID-19 infection could cause rhabdomyolysis as a late complica-
tion [13]. In the current two cases, the serum CRP levels that reflected
inflammation remained low with the rise in body temperature; there-
fore, the possibility of COVID-19-induced rhabdomyolysis concomitant
with increased inflammation is considered less likely.
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4. Conclusion

The mechanism underlying the occurrence of NMS in COVID-19 pa-
tients who are receiving intensive care and are being treated with
favipiravir remains unknown. Therefore, careful consideration of NMS
development is necessary in the management of COVID-19 patients.
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