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Abstract: Dexmedetomidine is a selective and potent o,-adrenoceptor agonist used for sedation, analgesia, and anxiolysis, with
minimal respiratory depression; therefore, it is widely used in clinical practice. Transient hypertension has been reported to be an
indication for the use of dexmedetomidine. The authors report three female patients who experienced hypertensive crisis when used
atropine to treat bradycardia caused by dexmedetomidine. The transient hypertension is a relatively common side effect of dexme-
detomidine, hypertensive crisis seen with coadministration of atropine is much less frequently reported. This is the first report to
describe the use of atropine to treat bradycardia induced by dexmedetomidine, which may cause severe hypertension in female
patients. They discuss the reason for and treatment of hypertension caused by administration of atropine and dexmedetomidine
together and review the relevant literature.
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Introduction

Dexmedetomidine is a selective and potent a,-adrenoceptor agonist used for its anxiolytic, sedative, and analgesic
properties, with minimal respiratory depression." The most common adverse events associated with its use include
hypotension, bradycardia, and dry mouth.? Transient hypertension, which also been reported during the initial phase of
infusion, is caused by stimulation of ay-adrenoceptors.’ This usually does not require direct intervention, and simply
reducing the infusion rate may be more reasonable. We report three female patients who experienced bradycardia during
intravenous (IV) injection of dexmedetomidine during general anesthesia, for which atropine was used to treat ensuing
bradycardia, each female patient exhibited resistant, severe hypertension.

Perioperative bradycardia generally refers to a heart rate (HR) <50 beats/min or a decrease in HR to 20% of awake
norms. Perioperative hypertension is defined as an increase in blood pressure to >30% of awake norms or systolic blood
pressure >140 mmHg and/or diastolic blood pressure 290 mmHg. The potential mechanisms underlying hypertension
following atropine administration for bradycardia associated with dexmedetomidine infusion remain unclear. The
coadministration of IV atropine and dexmedetomidine are suspected to have led to severe hypertension.

Case Descriptions
Case |
A 43-year-old female, weighing 57 kg, with a maxillary tumor was scheduled for maxillary tumor resection under general

anesthesia. She was not taking any medications and her physical examination was unremarkable. She presented in a calm state,
with an HR of 69 beats/min, noninvasive blood pressure (NIBP) of 119/70 mmHg (mean arterial pressure [MAP], 86 mmHg),
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and an oxygen saturation (SpO,) of 100% on room air. An IV bolus of dexmedetomidine (1 pg/kg) was administered over
a period of 15 min. Anesthesia induction drugs included lidocaine (100 mg), propofol (75 mg), sufentanil (35 pg), and
cisatracurium (10 mg); sufentanil (10 pg) was administered before surgery commenced. Anesthesia maintenance drugs included
sevoflurane 1-2.5%, dexmedetomidine 0.25 pg/kg/h, remifentanil 10 pg/kg/h. Five minutes after tracheal intubation, HR
exhibited sinus bradycardia (46 beats/min), with a concurrent NIBP of 100/59 (MAP, 73 mmHg), and an SpO, of 100%. IV
administration of atropine (0.5 mg) elicited an immediate HR response to 60, 79, and 85 beats/min at 1, 2, and 5 min, respectively.
NIBP and MAP increased to 176/122 and 140 mmHg, respectively. The concentration of sevoflurane was adjusted to 3% and
dexmedetomidine infusion was continued. After administration of nitroglycerin (0.5 mg), blood pressure decreased to 163/107
mmHg, with an HR of 79 beats/min. When nitroglycerin (0.5 mg) was administered again, blood pressure decreased further to
142/107 mmHg, with an HR of 72 beats/min. Subsequently, the operation commenced and was completed in 25 min. After a 60
min recovery period, the patient fulfilled discharge criteria and was transferred to the ward with an HR of 62 beats/min and NIBP
of 112/82 (MAP, 92 mmHg). No adverse sequelae were noted at discharge or at the 24 h follow-up.

Case 2

A 47-year-old female, weighing 51 kg, with multiple uterine fibroids was scheduled to undergo uterine fibroid resection
under general anesthesia. She was not taking any medications and her physical examination was unremarkable. She
presented in a calm state, with an HR of 82 beats/min, a respiratory rate (RR) of 16 breaths/min, an NIBP of 110/59
(MAP, 76 mm Hg), and an SpO, of 98% on room air. After placement of an IV catheter, dexmedetomidine (1 pg/kg) was
administered over a 15 min period. Anesthesia induction drugs included lidocaine (100 mg), propofol (75 mg), sufentanil
(40 pg), and cisatracurium (10 mg). Anesthesia maintenance drugs included sevoflurane 1-2% and dexmedetomidine 0.5
ng/kg/h. Twenty-five minutes after tracheal intubation, HR exhibited sinus bradycardia (46 beats/min), with a concurrent
NIBP of 90/42 mmHg (MAP, 58 mm Hg), and an SpO, of 100%. IV atropine (0.5 mg) was administered and HR
responded within 3 min. Five minutes later, HR was 96 beats/min, with an NIBP of 171/110 mmHg (MAP 130 mmHg).
The concentration of sevoflurane was adjusted to 3%, dexmedetomidine infusion was discontinued, and IV labetalol
(10 mg) was administered. After repeat administration of IV labetalol (10 mg), blood pressure immediately decreased,
but then increased to 130/97 mmHg. Blood pressure was stable until the conclusion of surgery, with HR of 80 beats/min
and NIBP of 126/79 mmHg (MAP, 100 mmHg). After a 40 min recovery period, the patient fulfilled discharge criteria
and was transferred to the ward with an HR of 79 beats/min and an NIBP of 103/52 mmHg (MAP, 69 mmHg). No
adverse sequelae were noted at discharge or at the 24 h follow-up.

Case 3

A 29-year-old female, weighing 53 kg, with acute mastitis was scheduled to undergo local breast resection under general
anesthesia. She was not taking any medications and her physical examination was unremarkable. She presented in a calm
state, with an HR of 86 beats/min, an RR of 17 breaths/min, an NIBP of 138/79 mmHg (MAP, 99 mmHg), and an SpO,
of 100% on room air. After placement of an IV catheter, dexmedetomidine (1 pg/kg) was infused over a 15 min period.
Anesthesia induction drugs included lidocaine (100 mg), propofol (75 mg, sufentanil 40 pg, cisatracurium (15 mg)).
Anesthesia maintenance drugs included sevoflurane 1-2%, dexmedetomidine 0.5 pg/kg/h. Five minutes after surgery
began, HR exhibited sinus bradycardia at 46 beats/min with a concurrent NIBP of 109/58 (MAP, 75 mmHg), and an
SpO, of 100%. IV atropine 0.5 mg was administered and her HR responded within 3 min. Five minutes later, HR was 120
beats/min, with an NIBP of 178/111 mmHg (MAP, 134 mmHg). The concentration of sevoflurane was adjusted to 3%
and 50 mg of IV propofol was administered. After IV administration of neostigmine (0.5 mg), blood pressure decreased
to 141/100 mmHg (MAP, 103 mmHg), with an HR of 105 beats/min. Infusion of dexmedetomidine was not discontinued
until the conclusion of surgery. Blood pressure continued to decline slowly to 122/69 mmHg (MAP, 87 mmHg), with an
HR of 83 beats/min. When all anesthesia drugs were discontinued, HR was 64 beats/min with an NIBP of 104/62 mmHg
(MAP, 75 mmHg). After a 25 min recovery period, the patient fulfilled discharge criteria and was transferred to the ward
with an HR of 79 beats/min and an NIBP of 103/64 mmHg (MAP, 77 mmHg). No adverse sequelac were noted at
discharge or at the 24 h follow-up.
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Discussion

Dexmedetomidine is a selective and potent a,-adrenoceptor agonist that has recently gained popularity as an anxiolytic,
sedative, and analgesic agent. It has been registered for use in the United States since 1999 and since 2009 in China. It was
approved for IV administration for sedation of mechanically ventilated adult patients during surgery. Dexmedetomidine is
commercially available as a water-soluble HCI salt, which contains a concentration of dexmedetomidine hydrochloride
equivalent to 200 pg/mL dexmedetomidine. According to clinical application guidelines in China, dexmedetomidine hydro-
chloride is diluted to 4 pg/mL in 0.9% sodium chloride before IV injection. The guidelines recommend an initial infusion rate
of 0.5-1 pg/kg, with a loading dose delivered over 10—15 min, followed by titration to the desired effect using a dose range of
0.2-0.5 ng/kg/h while adjusting the concentration of inhaled anesthetic. Dexmedetomidine can cause hemodynamic changes
including hypertension and bradycardia.

Hypertension can occur during the initial phase of infusion and last for a short time owing to o,,-receptor activation, which
causes vasoconstriction and systemic and pulmonary hypertension.> Dexmedetomidine causes hypertension at high plasma
concentrations and hypotension at lower plasma concentrations, producing a typical biphasic hemodynamic response.>*
Nevertheless, this initial response can be overcome by stimulation of central o, adrenoceptors to continue the infusion.” In
clinical practice, the infusion dose is generally reduced to address this situation. The high blood pressure reflex causes
bradycardia, and central o, adrenoceptors prevent the release of norepinephrine, thereby causing bradycardia. This can also be
attributed to the combined properties of volatile anesthetics (vasodilation and myocardial depression) and opioids. Therefore,
we used atropine to improve HR.

There have been some reports addressing dexmedetomidine-induced hypertension in literature (Table 1). Erkonen et al
reported a 2-year-old boy who experienced traumatic brain injury and developed hypertension following dexmedetomidine
infusion at 4 ug/kg/h for several hours.® Shah et al reported a 70 kg 18-year-old male with acute transverse myelitis with severe
hypertension and bradycardia after a loading dose of dexmedetomidine for sedation to undergo magnetic resonance imaging.”
Mason et al reported bradycardia in three boys after administering high-dose dexmedetomidine as sedation, which was treated
with IV glycopyrrolate (5.0 pg/kg) for cases of marked bradycardia; each child responded to glycopyrrolate with immediate,
exaggerated hypertension.® Kukoyi et al reported two cases of adult female patients who experienced sudden onset of
hypertension, tachycardia, agitation, and anxiety after rapid discontinuation of prolonged (5—7 days) infusions of dexmede-
tomidine in the intensive care unit.” Muthiah et al reported a case involving a 34-year-old male patient who was scheduled to
undergo general anesthesia with a conscious fiber-guided nasotracheal tube because of a fractured mandible. The initial
infusion rate of 1 pg/kg/h dexmedetomidine was used as the loading dose for 20 min. The patient’s blood pressure
progressively increased from 128/86 mmHg to 200/110 mmHg, and he complained of severe headache.'”

Table | Overview of Published Dexmedetomidine-Induced Hypertension

Author Year | Sex N Clinical Findings

Erkonen G et al® 2008 M | A 2-year-old male with traumatic injury to the brain developed hypertension after dexmedetomidine
(4 pg/kg/h) infusion for several hours.

Shah S et al’ 2008 M | An |8-year-old male (70 kg) with acute transverse myelitis suffered severe hypertension plus
bradycardia after a loading dose of dexmedetomidine for sedation for magnetic resonance imaging.
Mason K P et al® 2009 M 3 Three boys suffered bradycardia when they received high-dose dexmedetomidine for sedation, and
the bradycardia was treated using glycopyrrolate (5.0 pg/kg, i.v.). Each child had immediate and
exaggerated hypertension in response to glycopyrrolate.

Kukoyi A T et al’ 2012 F 2 Two cases where adult females, after withdrawal syndrome, experienced the sudden onset of
hypertension, tachycardia, agitation and anxiety after rapid discontinuation of prolonged (5-7 d)
infusions of dexmedetomidine.

Muthiah T et al'® 2016 M | A 34-year-old male scheduled to undergo general anesthesia with a conscious fiber-guided
nasotracheal tube because of a fractured mandible. The initial infusion rate was | pg/kg/h
dexmedetomidine, delivered as a loading dose in 20 min. The blood pressure increased gradually
from 128/86 mm Hg to 200/110 mm Hg, and the case suffered a severe headache.
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We analyzed the similarities among the patients described in the present article to determine the underlying
mechanisms. All patients were female, all of whom were administered a bolus infusion of dexmedetomidine (1 pg/kg)
for 15 min. Severe hypertension did not occur during the initial phase of infusion, but did occur after surgery
commenced. After administration of atropine, the patients experienced severe hypertension. Other studies have reported
that cases usually occur in occidental males, except in the study by Kukoyi et al. We found that only female patients
experienced severe hypertension after a loading dose of dexmedetomidine, and other anesthesiologists have previously
reported similar situations in virtually all female patients. Not all patients experience hypertension in their daily lives.

To our knowledge, this is the first report to describe the use of atropine to treat bradycardia induced by dexmedetomidine,
which may cause severe hypertension in female patients. Why are females more prone to this situation? Flieller et al''
reported that a history of hypertension and shorter weaning duration appear to be associated with an increased risk for
rebound hypertension with discontinuation of dexmedetomidine. In a study investigating hypertension after discontinuation

of dexmedetomidine infusion, Salah et al'?

reported that a medical history of hypertension was the only independent risk
factor for hypertension or tachycardia with discontinuation. The patients in the present study had no history of hypertension.

Resistant and severe hypertension is not a stress response caused by surgical stimulation, and increasing the concentration
of inhaled anesthetic did not change this situation; moreover, we used sufficient analgesic drugs. We observed that after
atropine was administered, HR accelerated and blood pressure increased significantly. Hence, we believe that atropine
administration for bradycardia associated with dexmedetomidine infusion may induce resistant and severe hypertension.

Bolus administration of dexmedetomidine with a high plasma concentration®* results in ayy-receptor activation in the
vascular smooth muscles, causing peripheral vasoconstriction and hypertension. As with the initial high plasma
concentrations after an IV bolus, higher maintenance doses are associated with progressive increases in MAP.
Together with presynaptic a,-adrenoreceptors, they inhibit the sympathetic release of catecholamines and increase
vagal activity. These hypotensive effects overcome hypertensive effects, resulting in hypotension. Atropine is an antic-
holinergic alkaloid that acts as an antiarrhythmic, preanesthetic to reduce secretion, and a cholinesterase inhibitor. IV
atropine has been reported to significantly increased HR, MAP, and cardiac output.'*'* Atropine and dexmedetomidine
work synergistically, and the hypertensive effects overcome the hypotensive effects causing high blood pressure but not
only through dexmedetomidine alone. Similar to Mason et al,® who treated bradycardia using IV glycopyrrolate for
bradycardia caused by dexmedetomidine, each child responded to immediate exaggerated hypertension.

In conclusion, the increase in arterial blood pressure observed in our patients after atropine administration was presumably
secondary to an HR-induced increase in cardiac output in the setting of elevated systemic vascular resistance due to the
sustained effect of higher concentrations of dexmedetomidine on the a,-receptors in the peripheral vascular smooth muscles.

It is crucial to carefully choose the appropriate treatment drugs for hypertension caused by atropine and dexmedetomidine.
When we encountered this situation for the first time, we chose to increase the concentration of inhaled anesthetics and
nitroglycerin; however, the effect of this strategy on reducing blood pressure was not favorable. Currently, we know that
hypertension following dexmedetomidine administration is caused by a,-adrenoceptor stimulation, and atropine increases
cardiac output; therefore, the use of a-adrenoceptor blockers should be a reasonable choice. We chose labetalol, a combined a-
and p-blocker, to treat hypertension and control blood pressure.'® The pure a-blocker phentolamine appears to be a reasonable
choice for treating such cases. It should be noted that the administration of a selective f-blocker will result in no antagonistic o-
receptor stimulation, which may worsen hypertension. It is interesting that we used a small dose of IV neostigmine (0.5 mg)
and controlled blood pressure while slowing HR; however, more attention should be devoted to monitoring muscle relaxation
and airway secretions. Neostigmine is a cholinesterase inhibitor that is used as a standard drug to reverse the effects of muscle
relaxants at the conclusion of surgery. It indirectly increases acetylcholine levels, which are mediated via muscarinic receptors,
leading to bradycardia and hypotension.'® Neostigmine is very effective in this situation because it slows HR and reduces heart
output, which offsets the effects of atropine. Fortunately, all patients described in this article returned to the ward, and no
adverse sequelae were noted at discharge or at the 24 h follow-up.

Based on our experience, we recommend infusion of low-dose dexmedetomidine under general anesthesia. We recommend
to treat bradycardia caused by dexmedetomidine with low-dose atropine or use other drugs, such as ephedrine. Once atropine and
dexmedetomidine induced hypertension, infusion of dexmedetomidine was discontinued, and the appropriate antihypertensive
drugs were carefully chosen.
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