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Abstract
BACKGROUND
Dexmedetomidine (DMED) is frequently used as a sedative in several medical fields. The benefits of DMED include enhanced quality of regional anesthesia, prolonged analgesia, and postoperative opioid-sparing when administered intravenously or perineurally in combination with regional anesthesia. Severe hemodynamic complications, such as profound bradycardia and hypotension, can occur after DMED administration in critically ill patients or overdosage; however, there are few reports of complications with DMED administration following brachial plexus block (BPB).

CASE SUMMARY
We present two cases of hemodynamic instability that occurred following the initial loading of DMED under supraclavicular BPB. A healthy 29-year-old man without any medical history showed profound bradycardia after receiving a loading dose of DMED 0.9 μg/kg for 9 min. DMED administration was promptly stopped, and after receiving a second dose of atropine, the heart rate recovered. A 62-year-old woman with a history of cardiomyopathy became hypotensive abruptly, requiring the administration of inotrope and vasopressors after receiving a reduced loading dose of 0.5 μg/kg for 10 min. Half of the recommended loading dose of DMED was administered due to the underlying heart dysfunction. Decreased blood pressure was maintained despite the intravenous administration of ephedrine. With continuous infusion of dopamine and norepinephrine, the vital signs were maintained within normal ranges. Inotropic and vasopressor support was required for over 6 h after the initial loading dose of DMED.

CONCLUSION
DMED administration following BPB could trigger hemodynamic instability in patients with decreased cardiac function as well as in healthy individuals.
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Core Tip: Although severe, there are few reports of complications with dexmedetomidine (DMED) administration following brachial plexus block. Profound bradycardia can occur even in healthy individuals with DMED administration following brachial plexus block. It can trigger refractory hypotension without apparent bradycardia in patients with decreased cardiac function. Therefore, clinicians must be aware of these potential yet critical consequences while selecting sedatives.

INTRODUCTION
Dexmedetomidine (DMED) is one of the most frequently used sedatives in several medical fields, such as balanced general anesthesia, sedation during regional anesthesia, and as part of intensive care unit sedation. Cooperative sedation without respiratory depression, a unique sedative response of DMED, has shown superior safety compared to other sedatives, such as barbiturate, benzodiazepine and propofol[1]. DMED also exhibits sympatholytic, amnesic, and analgesic properties. The outstanding benefits of DMED include enhanced quality of regional anesthesia, prolongation of analgesia, and postoperative opioid-sparing when administered intravenously or perineurally in combination with regional anesthesia[2,3].
The cardiovascular side effects of DMED, a dose-dependent transient increase in blood pressure (BP) followed by hypotension and bradycardia due to activation of the peripheral α2-adrenergic receptor, are well understood[4]. Severe hemodynamic complications, such as profound bradycardia or asystole, might occur following DMED administration in critically ill patients[5] or overdose of the drug[6]; however, these complications have not been reported in the clinical setting with the conventional regimen of DMED under brachial plexus block (BPB). In this case series, we report two cases of profound bradycardia and refractory hypotension following the administration of the initial loading dose of DMED under BPB for orthopedic upper-extremity surgery.

CASE PRESENTATION
Chief complaints
Case 1: A healthy 29-year-old man (height, 182 cm; weight, 73 kg) was scheduled to undergo BPB for diagnostic arthroscopic triangular fibrocartilage complex repair surgery due to persistent right wrist pain.

Case 2: A 62-year-old woman (height, 159 cm; weight, 56.4 kg) was scheduled to receive supraclavicular BPB for flap coverage of a necrotizing soft tissue infection in the right elbow.

History of present illness
Case 1: Ultrasound-guided supraclavicular BPB was performed on the right supraclavicular fossa without premedication. A 26-gauge 5-cm block needle was advanced toward the brachial plexus lateral to medial direction using real-time ultrasonography after identifying the brachial plexus and adjacent small vessels using color Doppler imaging. We injected 32 mL of 1.5% lidocaine with 5 μg/mL epinephrine. Half the volume (16 mL) entered the main neural cluster, and the remaining half entered the satellite neural clusters via the previously introduced targeted intracluster injection technique. Negative blood aspirations were performed repeatedly with every 5 mL of injection. DMED infusion was initiated to achieve sedation after confirming successful motor and sensory blockade. An initial loading dose of 1 μg/kg (73 μg) was planned at a rate of 6 μg/kg/h. The heart rate (HR) abruptly decreased from 75 to 25 beats per minute (bpm) when approximately 0.9 μg/kg of DMED was administered (9 min after initiation).

Case 2: Supraclavicular BPB was performed using the same technique as in case 1. After confirming successful motor and sensory blockade, half of the recommended loading dose of DMED (0.5 μg/kg) was administered over 10 min at a rate of 3 μg/kg/h due to the underlying heart dysfunction. Immediately after receiving the loading dose, the HR decreased to 59 bpm, and BP abruptly dropped to 67/48 mmHg. The patient experienced nausea and vomiting but showed no signs of local anesthetic systemic toxicity, such as dizziness, tinnitus, or perioral numbness.

History of past illness
Case 1: The patient had no history of allergies or cardiovascular disease. The patient had undergone uncomplicated general anesthesia twice previously, for jaw surgery and then septorhinoplasty.

Case 2: The patient had undergone breast cancer surgery under general anesthesia five years previously, in addition to receiving adjuvant concurrent chemotherapy and radiotherapy. The patient had been diagnosed with stress-induced cardiomyopathy, of which echocardiography revealed severe left ventricular systolic dysfunction (with an ejection fraction of 22%) one month prior. Coronary angiography revealed no significant stenosis in either coronary artery. Proper pharmacological management for cardiomyopathy was ensured before the surgery. The patient was on antihypertensive medications, including beta-blockers (BB), calcium channel blockers (CCB), spironolactone, and angiotensin receptor-neprilysin inhibitor (ARNI). CCB and ARNI were discontinued on the day of surgery.

Personal and family history
Case 1: The patient had no specific personal and family history of illnesses.

Case 2: The patient had been diagnosed with stress-induced cardiomyopathy one month prior.

Physical examination
Case 1: The baseline vital signs in the operating room presented noninvasive BP of 131/85 mmHg, HR of 75 bpm, and oxygen saturation by pulse oximetry (SpO2) of 100 % in room air.

Case 2: The patient had intermittent chest discomfort but no symptoms of dyspnea. The patient was on antihypertensive medications, including BB, CCB, spironolactone, and ARNI. CCB and ARNI were discontinued on the day of surgery. On arrival at the operating room, the baseline noninvasive BP, HR, and SpO2 were 139/93 mmHg, 83 bpm, and 99%, respectively.

Laboratory examinations
Case 1: The preoperative laboratory test results were normal, and electrocardiography (ECG) revealed sinus bradycardia of 58 bpm. However, he exhibited satisfactory functional capacity of 10 estimated metabolic equivalents at the pre-anesthesia visit.

Case 2: A follow-up echocardiography revealed global hypokinesia with moderate left ventricular systolic dysfunction with an ejection fraction of 40%, and ECG showed sinus rhythm with premature atrial complexes and aberrant conduction of 88 bpm.

Imaging examinations
Case 1: The preoperative chest radiography test results were normal.

Case 2: Magnetic resonance imaging of the heart demonstrated non-ischemic cardiomyopathy and an absence of bacterial myocarditis.

FINAL DIAGNOSIS
The two patients had different clinical presentations and incomparable histories but both patients experienced profound bradycardia after receiving a loading dose of DMED for BPB. The treatment of the bradycardia varied between the two patients in composition and duration of administration. However, both patients stabilized and were discharged with no further cardiovascular events, neurologic deficits, or other sequelae. This suggests that sensitivity and cardiac events in response to DMED sedation is not predictable.

TREATMENT
Case 1: DMED administration was immediately halted, and atropine (0.5 mg) was administered twice at a 1-min interval. The patient was drowsy but conscious during the bradycardic event, and the radial artery of the non-operating arm was pulsatile on palpation by an experienced anesthesiologist. The noninvasive BP measured in the non-operating arm was 100/70 mmHg. After receiving a second dose of atropine, the HR recovered to 105 bpm, and BP increased to 165/109 mmHg. Although DMED administration was not resumed, the patient presented as a mild-to-moderate sedative state [Modified Observer’s Assessment of Alertness/Sedation Scale (MOAA/S) score, 3-4] for the duration of the surgery which lasted 45 min (Figure 1A).

Case 2: The depressed BP persisted despite the intravenous administration of 20 mg of ephedrine. After invasive arterial BP monitoring was applied via the radial artery of the non-operating arm, a continuous infusion of dopamine (5 μg/kg/min) and norepinephrine (0.1 μg/kg/min) was started. BP and HR recovered to 132/72 mmHg and 111 bpm, respectively. The vital signs were maintained within the normal range by employing a continuous infusion of dopamine (5-15 μg/kg/min) and norepinephrine (0.1-0.2 μg/kg/min) for the duration of the 3-h surgery. The surgery was completed with minimal bleeding. The vital sign trends are shown in Figure 1B. DMED administration was not resumed, and the patient remained awake (MOAA/S of 5) until the end of the surgery. The infusion of dopamine and norepinephrine was continued even after the patient was transferred to the intensive care unit. Inotropic and vasopressor support was required for over 6 h after the initial loading dose of DMED.

OUTCOME AND FOLLOW-UP
Case 1: The surgery was completed without any complications, and no other cardiac events occurred in the post-anesthetic care unit. There was no evidence of neurologic deficits. The patient was discharged on the third postoperative day.

Case 2: The patient experienced no postoperative cardiovascular or neurological events and was discharged without sequelae.

DISCUSSION
Hemodynamic complications following DMED administration are well-documented in the literature. As it is a highly selective alpha-2 adrenergic agonist, intraoperative bradycardia and hypotension occur frequently in clinical settings[7]. Bradycardia occurs because of a combination of decreased central sympathetic output with increased parasympathetic output and concomitant decreased release of norepinephrine. Hammer et al[8] reported that DMED significantly depresses the sinus and atrioventricular nodal functions, resulting in bradycardia, as evidenced by a cardiac electrophysiology study in pediatric patients. DMED also reduces plasma catecholamine concentrations in a dose-dependent manner[9]. Consequently, administration of a higher dose of DMED decreases the HR, cardiac output, and stroke volume; however, critical hemodynamic deterioration is rare in perioperative settings.
There have been several reports of severe bradycardia with or without asystole related to DMED under general anesthesia[10,11] in pediatric[8], the elderly, and chronically ill patients[5]. Moreover, underlying cardiac arrhythmias, such as conduction disorders[12,13] and concurrent parasympathetic activation by spinal anesthesia[13], could contribute to their development. In the first case reported here, the patient was young and healthy, except for the presence of non-symptomatic sinus bradycardia (which could indicate a higher vagal tone). High vagal tone may contribute to the development of severe bradycardia following DMED administration at a conventional dosage and infusion rate. Another possible etiology may be the Bezold-Jarisch reflex, which is the proposed mechanism for bradycardia and/or hypotension observed in patients undergoing shoulder surgery in the sitting position after interscalene BPB[14]. The Bezold-Jarisch reflex, a form of vasovagal reflex, includes venous pooling in the sitting position and hypercontractility of the empty heart reinforced by exogenous perineural epinephrine. This results in a vagal-mediated arterial vasodilation and bradycardia. Although the patient was placed in the supine position during the event, possible regional hemodynamic alteration, such as arterial vasodilation induced by BPB and perineurally administered epinephrine (approximately 150 μg), combined with the sympatholytic effect of DMED may have led to severe bradycardia in this young and healthy adult. Further studies are required to identify the possible mechanisms underlying this phenomenon.
In case 2, the patient specifically received half of the recommended loading dose (0.5 μg/kg) and at a reduced infusion rate (3 μg/kg/h) of DMED to accommodate an underlying cardiovascular disease. Nevertheless, BP abruptly decreased by 50%, and the patient showed signs of brain hypoperfusion. The patient was receiving multiple drugs, including BB, CCB, and ARNI, although some were discontinued one day before surgery. The patient may have been dehydrated for the therapeutic purposes of congestive heart failure. Consequently, the sympatholytic action of DMED, in addition to the underlying cardiovascular disease with medications and hypovolemia, could have potentiated myocardial depression and vasodilatation, leading to refractory hypotension. Refractory hypotension was sustained for over 6 h after receiving the initial loading dose (0.5 μg/kg). The elimination half-life of DMED is 2-4 h; however, DMED clearance decreases with increasing age and decreasing cardiac output[15]. A dose of 0.5 μg/kg of DMED could not induce an appropriate level of sedation in case 2. This suggests that the pharmacological effects of DMED may be more intense and longer in the cardiovascular system than that in the central nervous system.

CONCLUSION
DMED-associated profound bradycardia can occur even in healthy individuals receiving the conventional regimen under BPB. The use of DMED in patients with decreased cardiac function can potentially lead to refractory hypotension without apparent bradycardia.
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Figure Legends
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Figure 1 Vital signs of the cases 1 and 2. A: Case 1: The heart rate abruptly decreased from 75 to 25 bpm during administration of the initial loading dose of dexmedetomidine (DMED). DMED administration was halted immediately, and after receiving a second dose of atropine, the heart rate recovered to 105 bpm, and blood pressure (BP) increased; B: Case 2: Half of the recommended loading dose of DMED was administered due to the underlying heart dysfunction. Immediately after receiving the loading dose, the heart rate and BP abruptly dropped. Decreased BP was maintained despite the intravenous administration of ephedrine. After invasive arterial BP monitoring was applied, a continuous infusion of dopamine and norepinephrine was started. The vital signs were maintained within the normal range with continuous infusion of dopamine and norepinephrine. Inotropic and vasopressor support was required for over 6 h after the initial loading dose of DMED. DMED: Dexmedetomidine.
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