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Background: Sedation by dexmedetomidine, like natural sleep, often causes bradycardia. We explored the nature of heart
rate (HR) changes as they occur during natural sleep versus those occurring during dexmedetomidine sedation.
Methods: The present study included 30 patients who were scheduled to undergo elective surgery with spinal anesthesia.
To assess HR and sedation, a pulse oximeter and bispectral index (BIS) monitor were attached to the patient in the ward
and the operating room. After measuring HR and BIS at baseline, as the patients slept and once their BIS was below 70,
HR and BIS were measured at 5-minute intervals during sleep. Baseline HR and BIS were also recorded before spinal an-
esthesia measured at 5-minute intervals after dexmedetomidine injection.

Results: During natural sleep, HR changes ranged from 2 to 19 beats/min (13.4 + 4.4 beats/min), while in dexmedetomi-
dine sedation, HR ranged from 9 to 40 beats/min (25.4 + 8.5 beats/min). Decrease in HR was significantly correlated be-
tween natural sleep and dexmedetomidine sedation (R* = 0.41, P < 0.001). The lowest HR was reached in 66 min during
natural sleep (59 beats/min) and in 13 min with dexmedetomidine sedation (55 beats/min). The time to reach minimum
HR was significantly different (P < 0.001), but there was no difference in the lowest HR obtained (P = 0.09).
Conclusions: There was a correlation between the change in HR during natural sleep and dexmedetomidine sedation.
The bradycardia that occurs when using dexmedetomidine may be a normal physiologic change, that can be monitored

rather than corrected.
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Introduction

Dexmedetomidine is a receptor agonist highly selective for
the a,-adrenergic receptor, the affinity ratio for a,: a, adrener-
gic receptors of 1 : 1600 [1]. This agonistic behavior upon the
a2-adrenergic receptor leads to sedative, analgesic, and anxio-
Iytic effects, making dexmedetomidine useful for sedation and
analgesia in the field of anesthesia. Dexmedetomidine reduces
nausea, vomiting, and anxiety, along with anti-shivering effects;
it is anesthetic sparing without causing respiratory depression
[2-4]. However, by acting on the a,-adrenergic receptor of the
sympathetic ganglia, dexmedetomidine can cause severe brady-
cardia and hypotension [5].

Dexmedetomidine sedation mimics the natural sleep state,
showing an electroencephalography (EEG) signal pattern sim-
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ilar to that of second stage non-rapid eye movement (NREM).
The awakening pattern from sedation is comparable to that of
awakening in natural sleep [6]. In addition, cardiovascular and
respiratory patterns of dexmedetomidine sedation are similar to
those of natural sleep [7]. During natural sleep, the vagus nerve
activity increases, resulting in increased heart rate variability.
During NREM sleep, the heart rate slows down, and blood pres-
sure decreases. With dexmedetomidine sedation, mean arterial
pressure increases by 7% and heart rate declines by 16%-18%
during initial loading dose; then mean arterial pressure decreas-
es and heart rate remains reduced during continuous infusion
(8].

The purpose of this study was to evaluate the relationship
of heart rate variability between natural sleep and dexmedeto-
midine sedation. Furthermore, we attempted to confirm that
bradycardia occurring with dexmedetomidine use might be a
normal physiological change.

Materials and Methods

A total of thirty patients participated in this study. The de-
mographic data of these patients are presented in Table 1. The
present study was approved by the clinical research ethics com-
mittee. Patients identified as American Society of Anesthesiolo-
gist physical status class I-II for elective surgery with spinal an-
esthesia were included. Patients with a history of heart disease,
respiratory disease, obesity, or sleep apnea were excluded from
the study.

On the day before surgery, a pulse oximeter (Suresigns VM6,
Philips, USA) was attached to the patient to measure heart rate
and oxygen saturation, while a BIS monitor (BIS VISTA, As-
pect Medical Systems, USA) determined bispectral index (BIS)
during natural sleep. Real-time data were automatically record-
ed for 90 min after BIS values reached 70 or less following the
initiation of sleep. Baseline heart rate and BIS were defined 5
min before the initiation of sleep.

Table 1. Patient Characteristics

Sex (M/F) 17/13
Age (yr) 39.8+12.6
Height (cm) 166.8 £ 8.7
Weight (kg) 64.6 9.0
Level of spinal anesthesia

T7-8 10

T9-10 15

T11-12 5
Dexmedetomidine total dose (ug)™* 81.4+11.1
Dexmedetomidine total infusion time (min) 99.0 +£23.3
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The next day, the same two monitoring devices were used
during operation. Pre-anesthetic medication was not adminis-
tered. For spinal anesthesia, 10-12 mg of heavy bupivacaine was
used, according to the patient’s characteristics, aiming at T10
anesthesia. The level of the spinal anesthesia was checked using
the pinprick test. After confirming the level of spinal anesthesia,
loading dose of dexmedetomidine (1 ug/kg) was administered
over 10 min for sedation. The maintenance dose of dexmede-
tomidine was 0.2 pg/kg/h and the infusion rate was adjusted to
maintain a BIS of 50-70. If the heart rate decreased to less than
40 beats/min, 0.5 mg of atropine was administered intravenous-
ly. If the blood pressure decreased by more than 30% or the
systolic blood pressure fell below 100 mmHg, 5 mg of ephedrine
was administered.

The baseline value was measured in a stable state before spi-
nal anesthesia administration. After spinal anesthesia, heart rate
and BIS were measured every 5 min starting from the beginning
of the dexmedetomidine loading dose. The time at which heart
rate and BIS values reached their lowest values was recorded,
along with the total amount of dexmedetomidine administered
during surgery.

Statistical analysis was performed using the SPSS (version
24.0, IBM, USA) statistical program. For comparison of the
lowest heart rate and BIS value, the corresponding paired T test
was performed. Simple regression analysis was performed to
determine the relationship of heart rate variability between the
natural sleep and dexmedetomidine sedation. The results are
expressed as mean * SD, and statistical significance was defined
as P <0.05.

Results

A total of 30 patients participated in this study. The demo-
graphic data of these patients are presented in Table 1.

Table 2. Comparisons of Characteristics between Natural Sleep and
Dexmedetomidine Sedation

Dexmede-
Natural sleep tomidine P value
sedation
Heart rate (beats/min)
Baseline 72.0+13.4 80.0 £15.1 <0.001
Lowest point 58.6+11.8 54.6+11.3 0.090
Time (min) 66.3 £9.7 12.5+6.8 <0.001
Bispectral index
Baseline 93.7+2.8 94.1 +4.8 0.682
Lowest point 45.0 £10.9 45.7 £ 11.6 0.786
Time (min) 34.0+13.7 31.2+10.7 0.374

Values are presented as number or mean + SD. *Total amount of
dexmedetomidine during surgery.
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Values are presented as mean + SD. HR: heart rate. Time: Time to maxi-
mal decrease of heart rate and bispectral index.
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Fig. 1. Change of heart rate (HR) during natural sleep and dexmede-
tomidine sedation over time.
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Fig. 2. Linear relationship between heart rate changes during natural
sleep and during dexmedetomidine sedation.*The data obtained for
both conditions are superimposed.

The baseline heart rate was significantly different between
natural sleep and dexmedetomidine sedation (72.0 + 13.4 beats/
min vs. 80.0 £ 15.1 beats/min, respectively) (P < 0.001, Table 2).
The lowest heart rate was 58.6 + 11.8 beats/min in natural sleep
and 54.6 + 11.3 beats/min in dexmedetomidine sedation which
was not statistically significant (P = 0.09). The time to reach
the lowest point was 66.3 + 9.7 min in natural sleep and 12.5 +
6.8 min in dexmedetomidine sedation which was significantly
different (P < 0.001, Fig. 1). The difference in heart rate between
baseline and the point of lowest heart rate was 13.4 + 4.4 beats/
min in natural sleep and 25.4 + 8.5 beats/min in dexmedeto-
midine sedation; this difference was thought to be due to the
difference in base values. There was a significant correlation in
reduction of heart rate between the natural sleep and dexmede-
tomidine sedation (R* = 0.41, P < 0.001, Fig. 2).

BIS levels during natural sleep declined to less than 70 be-
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Fig. 3. Change of bispectral index (BIS) values during natural sleep and
dexmedetomidine sedation over time.

tween 10 and 15 min. During sedation, BIS levels decreased to
less than 70 between 5 and 10 min after the loading dose was
injected. Subsequent BIS levels remained similar in both natural
sleep and dexmedetomidine sedation (Fig. 3).

Discussion

Dexmedetomidine has a high selectivity for a,-adrenergic
receptor, acting on the a,,, a,;-adrenergic receptors. It acts on
the a,z-adrenergic receptor to cause vasoconstriction and an in-
crease in blood pressure in the early stage of injection [9]. In the
present study, heart rate decreased when injecting dexmedeto-
midine, reaching a minimum heart rate similar to natural sleep,
though in a significantly shorter period of time. The difference
in the time point when the blood pressure reached the lowest
level was due to the rapid increase in plasma concentration
when the dexmedetomidine loading dose was injected. As a
result, the blood pressure is temporarily increased, and the heart
rate is likely decreased as a natural reflex. Continuous infusion
of dexmedetomidine causes the blood pressure to decrease in-
versely, but the heart rate remains lower than the baseline [10].
In the present study, the heart rate decreased to the lowest value
when the loading dose was injected, and then the heart rate
remained constant when the maintenance dose was injected.
However, the baseline heart rate before spinal anesthesia was
higher than that of natural sleep which is thought to be the result
of a patient’s anxiety from being in the operating room without
premedication such as midazolam.

In the present study, the heart rate reached its lowest point in
66.3 £ 9.7 min during natural sleep, and the heart rate tended
to rise around 80 min. This change in heart rate during natural
sleep may be a result of the change in the sympathetic-para-
sympathetic balance [11]. During natural sleep, the sympathetic
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nervous system does not show large fluctuations, but there are
changes in the activity of the parasympathetic nerves. The bal-
ance between sympathetic nerves and parasympathetic nerves
during awakening shifts toward parasympathetic as the level
of sleep progresses, and heart rate gradually slows. However, at
the REM sleep stage, the activity of the parasympathetic system
decreases, and the heart rate rises to a level similar to the awak-
ened state [12].

After a rapid heart rate decline during sedation with dex-
medetomidine, the heart rate remained at a level similar to the
lowest heart rate observed during natural sleep. The greater the
decrease in heart rate during natural sleep, the greater the de-
crease in heart rate when sedated with dexmedetomidine, and
this amount of reduction in heart rate was statistically related (R’
=0.41, P < 0.001). Studies have shown that EEG patterns during
dexmedetomidine sedation are similar to those during natural
sleep [13,14]. In the present study, similar patterns of BIS levels
were observed during natural sleep and sedation with dexme-
detomidine. These results show that dexmedetomidine not only
produces sedation with characteristics similar to those of natural
sleep, but also results in changes of heart rate comparable to
those of natural sleep.

Bradycardia is a common complication of dexmedetomidine
use [5]. Complications leading to death have been reported
when dexmedetomidine was used in conjunction with other an-
esthetic agents [15]; to date, there have been no reports of death
related to dexmedetomidine alone. While dexmedetomidine use
frequently reduces heart rate, it does not cause major problems.
Therefore, as confirmed in the present study, it may be sufficient
to simply monitor dexmedetomidine-associated bradycardia
without immediate correction with anticholinergic drugs such as
atropine. However, attention should be paid to other factors that
may affect heart rate. When dexmedetomidine is used in con-
junction with other medications that can lower heart rate, such
as propofol and fentanyl, the risk of severe bradycardia is greater
[15]. If spinal anesthesia reaches above the above T4 level, the
cardioaccelerator fibers may be blocked and cause bradycardia.
If this happens in association with dexmedetomidine, serious
bradycardia may occur. Therefore, when dexmedetomidine is
used, careful attention should be paid to avoid inadvertent eleva-
tion of spinal anesthesia, or the use of dexmedetomidine should
be reduced if the height of the anesthesia is unintentionally
raised.

In the present study, the incidence of bradycardia, defined
as a heart rate less than 40 beats/min, was relatively low at 5%.
Other studies have shown that the frequency of bradycardia
varies from 10% to 30%, depending on the amount of drug used
[16-18] and their criteria for bradycardia. Additionally, because
the dexmedetomidine infusion rate was controlled by maintain-
ing the BIS value between 50 and 70, the probability of bradycar-
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dia was decreased. A better designed study should be conducted
by adjusting the dosage of the drug in accordance with the BIS
values as this may reduce bradycardia.

One limitation of this study was the possible effect of spinal
anesthesia on heart rate, although the highest level of spinal
anesthesia was T8. Second, the difference in baseline values
between natural sleep and dexmedetomidine sedation makes
interpretation of data more difficult. An anxiolytic agent such
as midazolam was not administered before the operation, and it
seems that as the patients came to the operating room with anx-
iety, this may have elevated their heart rate. Finally, in practice,
it is difficult to measure heart rate during sleep. In our study, the
patient’s heart rate during sleep was measured using a portable
patient monitor used for anesthesia, which is not widely avail-
able. Employing a simple, wearable smart band to evaluate sleep
may compromise accuracy, but allow a larger set of meaningful
measurements to be collected.

In conclusion, we found a correlation between the change in
heart rate during natural sleep and dexmedetomidine sedation.
The bradycardia that occurs when using dexmedetomidine
may be a normal change. Therefore, the bradycardia that occurs
when using dexmedetomidine should be observed rather than
immediately treated so long as no other factors have caused it.
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