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Coronavirus Disease 2019

Kathryn S. Czepiel, MD'; Alexandra T. Lucas, MD'; Michael J. Whalen, MD? James E. Mojica, MD?

Ohjectives: To present three patients with severe coronavirus disease
2019 infection who developed life-threatening hyperpyrexia while
being treated with dexmedetomidine for sedation.

Data Sources: Clinical records.

Study Selection: Case report.

Data Extraction: Relevant clinical information.

Data Synthesis: We describe three patients, a 60-year-old female,
43-year-old female, and 46-year-old male, who were hospitalized in
surge ICUs during the coronavirus disease 2019 pandemic in the
early spring of 2020. All developed hyperpyrexia, defined as a tem-
perature above 41.1°C, following an increase in dexmedetomidine
dosing to above 1.5 pg/kg/hr. Fevers resolved following discontinua-
tion of dexmedetomidine.

Conclusions: While the exact mechanism of hyperpyrexia remains
unclear, findings in this study suggest that high doses of dexme-
detomidine infusion are associated with hyperpyrexia in a seemingly
dose-dependent fashion in critically ill patients with coronavi-
rus disease 2019. Coronavirus disease 2019 infection causes a
hyperinflammatory state characterized by pro-inflammatory cytokine
dysregulation. Dexmedetomidine, a centrally acting alpha-2 agonist,
may alter hypothalamic temperature regulation through disturbances
in neurotransmitter expression and metabolism. We postulate that
the use of high-dose dexmedetomidine in a hyperinflammatory state
may increase the risk of developing hyperpyrexia in this severe dis-
ease state.
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evere acute respiratory syndrome coronavirus 2 causing

coronavirus disease 2019 (COVID-19) has led to increased

admissions to ICUs (1, 2). Given the risk of aerosolization
associated with noninvasive ventilation, thresholds for intuba-
tion with rapid sequence induction are low (3). Sedation for the
mechanically ventilated patient is critical to prevent unintentional
extubation and promote patient comfort; however, the optimal
agent for primary sedation is debated (4). Dexmedetomidine,
a highly selective, centrally acting alpha-2 adrenergic receptor
agonist, is a preferred agent, as it has analgesic effects without
respiratory depression (5-7). In randomized controlled studies
comparing dexmedetomidine with midazolam and propofol, dex-
medetomidine was associated with shorter ICU admissions and
time to extubation (8-10).

However, since 2015, multiple observational studies have been
published highlighting the temporal association between dexme-
detomidine infusion and hyperthermia with temperatures above
39°C (11-15). The following case series is unique from the pre-
viously reported studies in that all three of our patients experi-
enced hyperpyrexia, which is distinct from hyperthermia and
is defined by an increased body temperature above 41.1°C (16).
Hyperpyrexia is a pathologic condition that results in abnormal
elevation of the hypothalamic thermoregulatory set point, while
hyperthermia is secondary to decreased heat loss or increased
heat production leading to elevated body temperature above the
normal thermoregulatory set point (17). Hyperpyrexia in the
critically ill patient is of great clinical significance because it may
result in cell death and local damaging effects that include extrava-
sation and vascular stasis (18).

Retrospective analysis reveals that hyperpyrexia developed
following temporally associated increases in dexmedetomidine
dosing and resolved following discontinuation of the medication.
This association warrants attention amidst the current COVID-
19 pandemic, as providers not familiar with the potential for
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dexmedetomidine drug fever are called to the frontlines to par-
ticipate in ICU-level care. Furthermore, hyperpyrexia that com-
plicates COVID-19 disease in an already vulnerable population
could result in increased mortality and morbidity (19, 20).

CASE REPORT

We describe three patients who were hospitalized in surge ICUs
during the COVID-19 pandemic in the early spring of 2020.
Informed consent for publication was obtained for all patients
described. All patients were managed under the care of an adult-
medicine trained intensivist. All three patients presented similarly
with prodromal viral symptoms and ultimately required intubation
for acute hypoxemic respiratory failure secondary to acute respira-
tory distress syndrome (ARDS) and COVID-19. A review of labo-
ratory data at the time of hyperpyrexia is available in Table 1.

Patient 1 was a 60-year-old female with a history of hyperten-
sion, type 2 diabetes mellitus (DM2), class II obesity (body mass
index [BMI] 35), latent tuberculosis, hypothyroidism, cerebrovas-
cular accident, panic disorder, and fibromyalgia. Prior to admis-
sion medications included ranitidine, metformin, levothyroxine,
latanoprost, gabapentin, duloxetine, dicyclomine, and calcium
carbonate.

She was endotracheally intubated on day 12 of illness and initially
sedated with hydromorphone and propofol. On day 14, propofol
was discontinued due to increased serum triglycerides and dexme-
detomidine was titrated to 1.5 pg/kg/hr over 1 hour. Fever developed
24 hours later, increasing over 8 hours to a maximum of 42.4°C at
approximately 32 hours of infusion (Fig. 14). The dexmedetomidine
infusion was promptly discontinued and aggressive external cooling
measures (including use of an Arctic Sun Temperature Management
System [Medivance, Louisville, CO] and application of ice packs

to the groin, axilla, and neck) were performed; however, her body
temperature remained above 39°C for 7 hours. Follow-up labora-
tory studies were notable for a new increase in C-reactive protein to
367 mg/L (reference range < 8.0mg/L), ferritin to 3,653 ng/mL (ref-
erence range, female: 10-200ng/mL), and lactate to 3.9 mmol/L (ret-
erence range, 0.5-2.2 mmol/L). Interleukin (IL)-6 was also markedly
increased to 428 pg/mL (reference range < 1.8 pg/mL). Using the
Naranjo algorithm for adverse drug reaction (ADR) and the World
Health Organization-Uppsala Monitoring Centre (WHO-UMC)
causality categories, she had a “probable” reaction (21, 22).

In the 24 to 48 hours following hyperpyrexia, the patient devel-
oped cardiovascular failure requiring increasing inotrope and
vasopressor support, as well as oliguric renal failure, metabolic
acidosis refractory to continuous renal replacement therapy, and
fixed and dilated pupils consistent with irreversible brain injury,
with intracerebral hemorrhage ruled out by CT scan. Based on her
poor prognosis, her family elected for comfort care and she died
shortly after discontinuing vasoactive medications.

Patient 2 was a 43-year-old female with a history of hyperten-
sion, mild intermittent asthma, hyperlipidemia, and class I obesity
(BMI 33). Home medications included amlodipine and albuterol,
which she was not regularly using. She presented to care following
1 week of subjective fevers and cough, and she was endotracheally
intubated on hospital day 2. She was initially sedated with propo-
fol and hydromorphone. In the following days, dexmedetomidine
was begun at a dose of 0.2 pg/kg/hr and steadily increased to a dose
of 2 pg/kg/hr over a 6-hour period. During this time, the patient
developed a new fever to 38.6°C that decreased once she reached
a steady infusion dose of 2 pg/kg/hr. She developed new fever to a
maximum of 42°C at approximately 72 hours after the beginning
of the 2 ug/kg/hr dexmedetomidine infusion, on day 16 of illness

TABLE 1. Patient Clinical and Laboratory Data at Time of Maximum Body Temperature

Clinical Data Patient 1

Age/sex 60/female

Comorbidities

Day of illness at peak temperature 14
Dexmedetomidine dose (ug/kg/hr) 1.6
WBC (K/pL) 6.71]
Lymphocyte count (K/uL) 1.967
Lactate dehydrogenase (U/L) NA
p-dimer (ng/mL) > 10,0007
C-reactive protein (mg/L) 193.8]
Erythrocyte sedimentation rate (mm/hr) 11567
Ferritin (ug/L) 3,6531
Creatine kinase (U/L) 8791
Troponin T (ng/L) 1317

DM2, latent tuberculosis, hypertension,
cerebrovascular accident,
hypothyroidism, and class Il obesity

Patient 2 Patient 3
43/female 46/male
Hypertension, hyperlipidemia, DM2 and

reactive airway disease, and
class | obesity

hyperlipidemia

15 13
20 20
1091 598«
0.861 446
4351 646
42191 3016}
275.51 291.51
88e 891
5331 1,333]
43| 254|
NA 171

DM2 = type 2 diabetes mellitus, NA = not available.
Laboratory trends compared to the prior day are represented by arrows.
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Figure 1. The figure illustrates the temporal relationship between dexmedetomidine dose increase and subsequent body temperature elevation. C-reactive
protein (CRP) levels (mg/L), dexmedetomidine dose (ug/kg/hr), and temperature (°C) for each patient in the days around maximum temperature (A) patient 1,

(B) patient 2, and (C) patient 3.

(Fig. 1B). Serum IL-6 at this time was 7.3 pg/mL (reference range
< 1.8 pg/mL). The dexmedetomidine infusion was promptly dis-
continued and the patient was successfully cooled with aggressive
external cooling techniques, which included use of an Arctic Sun
Temperature Management System and application of ice packs to
the groin, axilla, and neck. Her body temperature returned to 37.2°C
for 4 hours after coming off the dexmedetomidine drip. One week
later, she was rechallenged with dexmedetomidine periextubation at
adose of 0.5 ug/kg/hr and again developed fever to 39.6°C beginning
3 hours after dexmedetomidine infusion. Despite discontinuation of
the medication, the fevers persisted for a 24-hour period and were
associated with nontraumatic rhabdomyolysis with creatinine kinase
reaching a peak of 33,535 U/L (reference range, female: 40-150 U/L).
Her body temperature gradually returned to 37°C over the next 24
hours. Fortunately, the patient did not show evidence of acute kid-
ney injury and the rhabdomyolysis improved with IV hydration.
Using the Naranjo algorithm for ADR and the WHO-UMC cau-
sality categories, she had a “probable” event (21, 22). Patient 2 has
since returned to her home, but she continues with outpatient home
health therapies to address her critical illness myopathy associated
with her prolonged hospitalization with COVID-19.

Patient 3 was a 46-year-old male with a history of DM2 and
hyperlipidemia. His home medications included atorvastatin,
empagliflozin, flaxseed, metformin, and multivitamin. He pre-
sented to care following 5 days of cough, congestion, and fever
with temperatures ranging between 38.9°C and 39.4°C. He was
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endotracheally intubated upon arrival to the hospital (day 7 of
illness) and was initially sedated with propofol and hydromor-
phone. In preparation for extubation on hospital day 5, dexme-
detomidine was initiated at a dose of 0.3 pg/kg/hr and gradually
increased over the subsequent 24 hours to 1.5 pg/kg/hr without
any sustained increases in body temperature. As depicted in
Figure 1C, the patient developed fever to 38.7°C once the dex-
medetomidine was increased to 1 ug/kg/hr, but body temperature
returned to normal over the next 3 hours. The dose of dexme-
detomidine was maintained at 1.5 ug/kg/hr for the subsequent 12
hours without any associated fevers. With the next dose increase
to 1.6 pg/kg/hr, body temperature increased within 1 hour to
38.9°C and remained increased over the following 24 hours reach-
ing a peak of 42°C associated with incremental dose increases
of dexmedetomidine to a maximum of 2 ug/kg/hr (Fig. 1C).
Dexmedetomidine was discontinued and his body temperature
returned to 37.2°C over the next 12 hours. His IL-6 at this time
was 21.4 pg/mL (normal reference range: 0-15.5 pg/mL), down
from 184 pg/mL at admission.

About 2 weeks later, the patient was briefly rechallenged on dex-
medetomidine at a dose of 0.3 pg/kg/hr for acute agitation with
no associated fever over an 8-hour period of use. He had a “pos-
sible” ADR by the Naranjo algorithm and a “probable” event by the
WHO-UMC causality categories (21, 22). Patient 3 has since been
extubated but suffers from critical illness myopathy and polyneu-
ropathy. He continues his recovery in a rehabilitation hospital.
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Figure 2. C-reactive protein (CRP) levels (mg/L), dexmedetomidine dose (ug/kg/hr), and temperature (°C) for all patients in the days around maximum temperature.

DISCUSSION

This case series offers support for the association between high-dose
dexmedetomidine infusions and hyperpyrexia in a subpopulation of
critically ill COVID-19 patients. Findings collated in Figure 2 dem-
onstrate that all episodes of hyperpyrexia, defined as a temperature
above 41.1°C, were preceded by an increase in dexmedetomidine dos-
ing to 1.5 ug/kg/hr or above. High doses of dexmedetomidine infusion
are potentially linked to the isolated episodes of hyperpyrexia in this
cohort. While fever is common in the COVID-19 population requir-
ing ICU admission (23, 24), reports of hyperpyrexia are less common
(20) in contrast to the three aforementioned cases of patients with
COVID-19 on high doses of dexmedetomidine. The natural course of
fever in the COVID-19 patient population is not well-described in the
current literature. A cohort study from patients in Wuhan,
China (25), reported the occurrence rate of fever in 100% of ICU
patients with the majority of these patients (54%) having body tem-
peratures between 38.1°C and 39°C (26). In our experience, adult
patients with COVID-induced ARDS typically demonstrate cyclic
fevers lasting up to 24 hours or more at least every few days in the
ICU setting.

Preceding dexmedetomidine up-titration, there was no con-
cern for the development of new infection with no trends toward
leukocytosis, worsening respiratory distress, or newly positive
blood or respiratory cultures in these patients. Additionally, none
of the patients had received dopamine D2 receptor antagonists at
the time of hyperpyrexia development. This is important to con-
sider as dopamine antagonists are commonly implicated in neu-
roleptic malignant syndrome, which can present with dystonia
and high body temperatures. Two patients had “probable” ADRs
and one had a “possible” ADR by the Naranjo ADR scale, a vali-
dated probability scale used to assess relationship-likelihood of
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suspected ADRs (21), and all three had “probable” ADRs by the
WHO-UMC causality categories (22).

Although the mechanism is uncertain, doses of greater than 1
ug/kg/hr have been associated with probable ADRs in prior case
series (13). It is postulated that centrally acting alpha-2 agonists
such as dexmedetomidine alter the expression of noradrenaline,
serotonin, and dopamine, the neurotransmitters that mediate
hypothalamic regulation of temperature (12). In animal studies,
alpha-2 agonists block the activation of thermogenic premotor
neurons, thereby decreasing body temperature. In mouse mod-
els of alpha-2 receptor knockout, this temperature decrease is not
observed; it is therefore possible that polymorphisms in these
receptors resulting in decreased receptor activity may predispose
patients to hyperthermic reactions (27). Alternatively, dexmedeto-
midine may induce hyperthermia through dopaminergic blockade
such as that associated with neuroleptic malignant syndrome (12).
Other animal models have demonstrated that under different
environmental conditions, alpha agonists result in hyperthermia,
suggesting that changes in metabolism of neurotransmitters may
also be mediated by other unknown external factors (27). It is
possible, therefore, that an interaction between high-dose alpha
agonists and COVID-19 may predispose to hyperpyrexia. More
studies are needed to better elucidate this mechanism.

Currently recommended dexmedetomidine dosing for mainte-
nance therapy is 0.2-0.7 ug/kg/hr with prior evidence suggesting
that there is no associated improvement in sedation quality with a
dose above 1.5 pg/kg/hr (28, 29). The findings in this study suggest
that high doses of dexmedetomidine infusion are associated with
hyperpyrexia in a dose-dependent fashion in critically ill patients
with COVID-19. Based on prior evidence and observations made
in this case series, it seems reasonable to limit dexmedetomidine
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dosing to less than 1.5 pg/kg/hr in patients who are later in their
COVID-19 disease course whenever clinically possible.

The results also suggest that the time to fever development after
initiation on dexmedetomidine is variable. It is notable that for
the three patients, the average reported day of illness at the time
of hyperpyrexia was day 14 (average 14.67 + 1.53 d), which may
coincide with a hyperinflammatory state, as increases in serum
IL-6, IL-1f, and tumor necrosis factor have been documented
during the later phases of the COVID-19 illness (30, 31).

In prior retrospective reviews, patients with obesity were sug-
gested to have higher risks of dexmedetomidine-associated hyper-
thermia (15) and obesity has also been suggested as a risk factor
for COVID-19 related mortality (32). This may be related to a state
of chronic low-grade inflammation that has been well established
in patients with obesity (33). Indeed, two of our three patients had
obesity, possibly predisposing them further to dexmedetomidine-
related reactions.

As with any case series, conclusions drawn from this report are
limited by sample number, selection bias, and the lack of a com-
parison group. This brief report calls for more rigorous clinical tri-
als involving the use of dexmedetomidine in patients admitted to
the ICU for COVID-19. Frontline providers should be aware of the
association between high-dose dexmedetomidine and hyperpy-
rexia, particularly in critically ill COVID-19 patients who may be
at increased risk of complications due to a hyperinflammatory state.
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