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Conclusion  Dexmedetomidine in intubated, spontaneously 
breathing patients after ESD was safe and effective. Patient 
baseline hemodynamics could significantly affect hemo-
dynamics during drug infusion. Without loading doses, 
plasma drug concentrations were expected to increase pro-
gressively. A progressive decrease in blood pressure and 
unchanged heart rate after an initial decrease suggested that 
hemodynamic effects of dexmedetomidine in our patients 
might differ from those reported in young volunteers, 
although further studies are required to elucidate these 
points.

Keywords  Dexmedetomidine · Endoscopic submucosal 
dissection · Hemodynamics · Respiration · Sedation

Introduction

Endoscopic submucosal dissection (ESD), when compared 
with conventional endoscopic mucosal resection (EMR) 
for early esophageal cancer, has considerable advantages 
regarding the en bloc resection rate, complete resection 
rate, and local recurrence rate [1, 2]. Therefore, EMR has 
been replaced by ESD for the treatment of early esopha-
geal cancer. However, ESD requires higher skill levels of 
the endoscopists, a more complicated intervention, and a 
longer procedure time compared with EMR [1, 2]. There-
fore, at some institutions, ESD is performed under general 
anesthesia to reduce the discomfort of patients, to shorten 
the procedure time, and to decrease the risk of complica-
tions such as perforation [3–5].

At our institution, ESD for early esophageal or pharyn-
geal cancer is commonly performed under general anesthe-
sia. In addition, in patients whose cervical esophageal or 
pharyngeal cancer is located quite close to the airway, the 
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tracheal tube is left in place overnight to protect the airway 
from possible obstruction caused by airway edema. Postop-
eratively, patients are allowed to breathe spontaneously via 
the tracheal tube while being sedated in the intensive care 
unit (ICU). Previously, we used propofol to sedate such 
patients. However, propofol, which is associated with dose-
dependent respiratory depression [6, 7], caused significant 
respiratory depression in some patients. Therefore, in 2007, 
we began to use dexmedetomidine, which is associated 
with less respiratory depression [6, 7].

Previous studies showed that dexmedetomidine was 
not inferior to propofol or midazolam in maintaining light 
to moderate sedation in mechanically ventilated patients 
[8, 9]. A previous study showed that dexmedetomidine 
was as efficacious as propofol in intubated patients after 
extensive cervical spine surgery whose spontaneous 
breathing was supported by pressure support ventilation 
[10]. However, no study has been conducted to evalu-
ate the effects of dexmedetomidine in intubated patients 
after ESD who are just spontaneously breathing without 
any ventilatory support. We conducted the present study 
to evaluate effects of dexmedetomidine on hemodynam-
ics and respiration in intubated, spontaneously breathing 
patients after ESD.

Methods

Before this retrospective study, approval was obtained from 
the institutional review board (IRB) of Juntendo Univer-
sity Hospital. Because of the anonymous and retrospective 
fashion of this study, the IRB waived the need for patient 
consent.

From May 2007 to December 2015, 244 patients under-
went ESD for cervical esophageal or pharyngeal cancer 
under general anesthesia. Among them, 98 patients were 
extubated in the operating room (OR), whereas 146 patients 
with surgical sites very close to the airway were not extu-
bated and were transferred to the intensive care unit (ICU), 
receiving continuous infusion of dexmedetomidine alone 
(n = 131) or with other sedatives such as propofol, mida-
zolam, or a combination of dexmedetomidine and fenta-
nyl (n = 15). Primarily, surgeons decided whether patients 
were likely to be extubated safely in the OR, depending on 
the site of ESD relative to the airway, before, during, or 
after surgery.

In the first step, 98 patients who were extubated in the 
OR were excluded. In the second step, 15 patients who 
received sedatives other than dexmedetomidine alone were 
excluded. In the third step, 2 patients who received dex-
medetomidine alone but for less than 12 h were excluded. 
Consequently, 129 patients who were sedated with dexme-
detomidine alone, at least initially, and for at least 12 h in 
the ICU were included in this study (Table 1).

No patient was premedicated. After baseline measure-
ments of the heart rate (HR), systolic blood pressure (SBP), 
diastolic blood pressure (DBP), and percutaneous oxygen 
saturation (SpO2), general anesthesia was induced with 
propofol and remifentanil and/or fentanyl. Rocuronium was 
used to facilitate orotracheal intubation. Anesthesia was 
maintained with sevoflurane and remifentanil (n =  108), 
desflurane and remifentanil (n = 14), sevoflurane and fen-
tanyl (n = 4), and propofol and remifentanil (n = 3). When 
the surgeon decided the nonextubation policy, infusion of 
dexmedetomidine was initiated. After anesthesia, patients 
were allowed to breathe spontaneously via the tracheal 

Table 1   Patient demographic, 
anesthetic, and surgical data

Data are expressed as the mean ± SD (range) or the number of patients

Patients n = 129

Age (years) 66.5 ± 8.3 (42–87)

Gender (males/females) 124/5

Height (cm) 165.5 ± 6.2 (145–182)

Weight (kg) 56.1 ± 10.2 (36.7–85.0)

ASA-PS I/II/III 27/96/6

Documented history of smoking n = 54

Coexisting diseases (n = 102) either alone or in 
combination

Obstructive and/or restrictive lung disease (n = 62), 
hypertension (n = 48), cardiac disease (n = 17), 
diabetes mellitus (n = 14), hematological disease 
(n = 10), brain disease (n = 9), liver disease 
(n = 7), metabolic or hormonal disease (n = 7), 
kidney disease (n = 3)

Past history of major surgery Radical esophagectomy (n = 43), pulmonary 
lobectomy (n = 3), distal gastrectomy (n = 2), 
colectomy (n = 2), liver transplantation (n = 1)

Duration of surgery (min) 131 ± 64 (25–315)

Duration of anesthesia (min) 193 ± 64 (100–399)
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tube left in place, and transferred to the ICU. In the ICU, 
patients spontaneously breathed oxygen-enriched air via a 
T-piece system (TRACH-VENT and OXY-VENT; Teleflex 
Medical Japan, Tokyo) without any ventilatory support. 
Constant infusion of dexmedetomidine was continued until 
extubation. Hemodynamic variables (HR, SBP, DBP) and 
respiratory variables [SpO2 and the respiratory rate (RR)] 
were measured every hour, but these variables were meas-
ured every 3  h during the dark period (2100–600). The 
Richmond Agitation-Sedation Scale (RASS) (+4, combat-
ive; +3, very agitated; +2, agitated; +1, restless; 0, alert 
and calm; −1, drowsy; −2, lightly sedated; −3, moderately 
sedated; −4, deeply sedated; −5, unarousable) [11] and a 
5-point verbal rating pain scale (VRS) (0, no pain; 1, mild 
pain; 2, moderate pain; 3, severe pain; 4, intolerable pain) 
were assessed every 3  h. The patients were extubated on 
the first postoperative day after surgeons endoscopically 
confirmed the patency of the upper airway. Drug infusion 
was discontinued upon extubation.

Effectiveness of dexmedetomidine was assessed pri-
marily based on change in RASS scores during tracheal 
intubation. Safety of dexmedetomidine was evaluated 
by noticing adverse events, such as hypotension (SBP 
<80  mmHg), hypertension (SBP >160  mmHg), bradycar-
dia (HR <40 bpm), tachycardia (HR >100 bpm), bradypnea 
(RR <10 bpm), and desaturation (SpO2 <95 %). Criteria for 
defining these adverse events were based on our surgeons’ 
indications to the nurses that doctors should be called in the 
event. The estimated plasma dexmedetomidine concentra-
tion after entering the ICU was calculated based on Dyck’s 
pharmacokinetic model [12].

Data are expressed as the mean ± SD and range, or the 
median, percentiles, and range, according to data types. 
Changes in RASS scores, VRS scores, and SpO2 were ana-
lyzed with the Wilcoxon signed-rank test with the Bonfer-
roni correction. Changes in SBP, DBP, HR, and RR were 
analyzed with repeated-measures analysis of variance 
(ANOVA) with Bonferroni correction. To evaluate correla-
tion between any two variables, a simple linear regression 
analysis was used. To evaluate effects of the use or non-use 
of initial loading doses on RASS scores, ANOVA was used. 
Values of P < 0.05 were considered statistically significant, 
unless otherwise stated. All data analyses were performed 
with SPSS ver. 19 software package (SPSS Japan, Tokyo, 
Japan).

Results

The demographic, anesthetic, and surgical data of 129 
patients are shown in Table  1. Complications of ESD 
occurred in 14 patients, including subcutaneous emphy-
sema (n = 4), minor bleeding (n = 1), neck swelling and 

pain (n = 1), and upper airway edema, which could post-
pone extubation for several hours (n  =  8). However, no 
patient needed special treatment for these self-limited 
complications.

Infusion of dexmedetomidine was initiated intraop-
eratively, 69  ±  66 (1–284) min before ending surgery 
(n = 109); or postoperatively, 8.5 ± 5.5 (3–20) min after 
ending surgery (n = 20), depending on the time when sur-
geons decided the nonextubation policy. Overall, dexme-
detomidine infusion was initiated 89.1  ±  66.9 (10–309) 
min before entering the ICU. A loading dose was used in 29 
patients, including 6 µg/kg/h for 10 min (n = 13), 3 µg/kg/h 
for 20 min (n = 3), and 1 µg/kg/h for 60–120 min (n = 13), 
whereas it was not used in 100 patients. The initial mainte-
nance dose of dexmedetomidine was 0.505 ± 0.164 (0.20–
1.01) μg/kg/h. At the end of anesthesia, fentanyl [106 ± 48 
(25–250) µg] was given to 68 patients for immediate post-
operative analgesia, whereas it was not given to 61 patients.

All 129 patients remained intubated for 16.4 ±  3.3 h 
(12.0–23.5 h) in the ICU. Dexmedetomidine infusion 
was continued throughout the intubation period in all 
129 patients. However, in 21 patients, a drug dose was 
increased to augment sedation, whereas in 7 patients, it 
was decreased for adjustment of too-high doses (>0.8 μg/
kg/h) (n  =  2) and because of bradycardia (n  =  4) and 
hypotension (n  =  1). Consequently, the initial and final 
doses in the ICU were 0.505  ±  0.164 (0.20–1.01) μg/
kg/h and 0.526 ± 0.178 (0.18–1.00) μg/kg/h, respectively. 
Total duration of drug infusion in the OR and ICU was 
17.9 ± 3.5 h (12.5–26.5 h). During infusion, the estimated 
dexmedetomidine plasma concentration increased progres-
sively as follows: 0.32 ±  0.14 (0.10–0.60), 0.54 ±  0.14 
(0.33–0.80), 0.72 ± 0.19 (0.47–1.07), 0.86 ± 0.23 (0.57–
1.27), 0.95  ±  0.24 (0.63–1.42), and 1.00  ±  0.26 (0.63–
1.67) ng/ml at 0, 3, 6, 9, 12, and 16 ±  3 (12.0–23.5) h, 
respectively. Rescue sedatives in addition to dexmedetomi-
dine were required in 5 patients (3.9 %), including propo-
fol (n = 4) and midazolam (n = 1). Therefore, 124 patients 
(96.1  %) could be sedated with dexmedetomidine alone 
until extubation.

RASS scores were significantly less at 6 and 9 h com-
pared with 0, 3, and 16 ± 3 h (P < 0.0033) (Fig. 1a). RASS 
scores were 0 or less in 117 (90.7 %), 117 (90.7 %), 126 
(97.7 %), 125 (96.9 %), 123 (95.3 %), and 122 (94.6 %) 
of 129 patients at 0, 3, 6, 9, 12, and 16 ± 3 h, respectively. 
Using regression analysis or ANOVA, no determinant fac-
tor significantly correlating with RASS scores could be 
identified, including the use or non-use of loading doses, 
maintenance doses, duration of drug infusion, and accumu-
lated drug doses.

Five-point VRS pain scores were recorded in 99 
patients. The median VRS pain score was 0 (no pain) 
throughout drug infusion, but 35–40 patients reported 
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pain at each assessment time (Fig.  1b). Analgesics were 
required in 43 patients, including pentazocine (15  mg) 
in 28 patients [once (n =  15), twice (n =  8), three times 
(n = 4), four times (n = 1)], pethidine (50 mg) in 8 patients 
[once (n = 5), twice (n = 2), three times (n = 1)], and fen-
tanyl (100 µg) in 7 patients [once (n = 4), twice (n = 1), 
three times (n =  2)]. Of note, surgeons preferring penta-
zocine indicated that pain should be treated with penta-
zocine (15  mg) alone during the light period (600–2100) 
but should be treated with a combination of pentazocine 
(15 mg) and hydroxyzine hydrochloride (25 mg) during the 
dark period (2100–600). Consequently, hydroxyzine was 
given in 24 patients once (n = 18) or twice (n = 6) during 
the dark period, although RASS scores were 0 or less in 22 
patients even before hydroxyzine was given.

After entering the ICU, patients breathed oxygen-
enriched air via a T-piece system, which could provide 
fractions of inspiratory oxygen (FiO2) of 0.24 to 0.40 at an 
oxygen flow rate of 1–6  l/min in the standard respiratory 

condition, according to the manufacturer’s instruction. 
The initial and final oxygen flow rates during intubation 
were 3.1  ±  1.1 (3–6)  l/min and 2.9  ±  1.1  (0–6)  l/min, 
respectively, which corresponded to estimated FiO2 of 
0.319 ± 0.034 (0.24–0.40) and 0.314 ± 0.034 (0.21–0.40), 
respectively. The arterial blood oxygen tension (PaO2), 
PaO2/FiO2 ratio, and carbon dioxide tension (PaCO2), 
measured shortly after entering the ICU, were 143.4 ± 35.0 
(80.6–219.0), 442.0 ±  103.8 (230–626), and 44.5 ±  5.6 
(25.8–56.4) mmHg, respectively (n = 113), whereas those 
values measured immediately before extubation were 
139.9 ±  32.8 (59.1–235.1), 446.8 ±  99.1 (201–641), and 
42.6 ± 4.2 (31.6–52.6) mmHg, respectively (n = 108).

SpO2 remained at 95 % or more throughout drug infu-
sion in all but three patients with lung disease, who 
recorded SpO2 of 93  % or 94  % transiently or intermit-
tently, but SpO2 in the ICU was always higher than that 
at baseline in the OR and remained unchanged in the ICU 
(Fig. 1c). Otherwise, no episode of significant desaturation 
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Fig. 1   Changes in Richmond Agitation-Sedation Scale (RASS) (a), 
5-point verbal rating pain scale (b), percutaneous oxygen saturation 
(SpO2) (c), respiratory rate (d), heart rate (e), and systolic and dias-
tolic blood pressures (f) before and/or during dexmedetomidine infu-
sion. Data are shown in median (bar), quartiles (box), 10th and 90th 
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was documented. The RR remained unchanged throughout 
drug infusion (Fig. 1d), and no patient experienced bradyp-
nea. All patients could be extubated uneventfully on the 
first postoperative day.

HR decreased significantly at 3 h through 16  ±  3  h, 
compared with baseline before induction of general anes-
thesia (P  <  0.0024), and compared with 0  h in the ICU 
(P < 0.0024), but remained unchanged after 3 h (Fig. 1e). 
SBP and DBP decreased significantly at 3 h through 
16 ±  3  h, compared with baseline and 0 h (P  <  0.0024). 
During drug infusion, SBP and DBP decreased progres-
sively until 12  h, but they did not decrease further after-
ward (Fig. 1f).

Hemodynamic alterations occurred in 45 patients 
(34.9  %), including hypertension (n  =  25), bradycar-
dia (n  =  11), hypotension (n  =  10), and/or tachycardia 
(n = 3). Hypertension was noticed in 28, 18, 8, 4, 1, 1, and 
0 of 129 patients at baseline, 0, 3, 6, 9, 12, and 16 ± 3 h, 
respectively. It was noted during the first 6 ICU hours in 
23 patients, while being newly noted at 9  h or later in 2 
patients. Hypertension was just observed (n = 9) or treated 
with isosorbide dinitrate tape (40 mg) (n = 9). Tachycardia 
was noted in 7, 3, and 2 patients at baseline, 0 h, and 3 h, 
respectively. Tachycardia was just observed. Bradycardia, 
occurring at 6 h or later in 11 patients, was just observed in 
all patients, although drug doses were reduced in 4 patients. 
Hypotension, occurring at 9  h or later in 10 patients, 

were treated just by raising patients’ legs for all patients, 
although a drug dose was reduced in one patient.

There was no significant correlation between any 
hemodynamic variable and a RASS score at each assess-
ment time. In contrast, there was a significant correlation 
between a baseline hemodynamic variable in the OR and 
that in the ICU at each assessment time (Figs. 2, 3).

Discussion

In this study, 96.1 % of intubated, spontaneously breathing 
patients after ESD could be sedated solely with dexmedeto-
midine during the intubation period over 16.4 ± 3.3 h. In 
addition, 90.7–97.7 % of patients remained calm or sedated 
at each assessment time. Although minor hemodynamic 
alterations were observed, dexmedetomidine infusion could 
be continued until extubation in all 129 patients. Further, 
respiratory depression did not occur in any patients. Our 
data suggested that sedation with dexmedetomidine was 
safe and effective in intubated, spontaneously breathing 
patients after ESD.

In general, the use of initial loading doses is recom-
mended to facilitate increases in plasma dexmedetomidine 
concentrations. When a drug is infused at a constant rate 
without a loading dose, plasma concentration increases 
exponentially over time until it reaches 97 % of steady-state 

0

20

40

60

80

100

120

0 20 40 60 80 100 120
Baseline Heart Rate (bpm)

)
mpb( h 0 ta eta

R trae
H A (0 h) R = 0.50

p < .0001

0 20 40 60 80 100 120
Baseline Heart Rate (bpm)

0

20

40

60

80

100

120

H
ea

rt 
R

at
e 

at
 3

 h
 (b

pm
)

B (3 h)
R = 0.50
p < .0001

0

20

40

60

80

100

120

H
ea

rt 
R

at
e 

at
 6

 h
 (b

pm
)

C (6 h)

0 20 40 60 80 100 120
Baseline Heart Rate (bpm)

R = 0.48
p < .0001

0

20

40

60

80

100

120

)
mpb( h 9 ta eta

R trae
H D (9 h)

0 20 40 60 80 100 120
Baseline Heart Rate (bpm)

R = 0.41
p < .0001

0

20

40

60

80

100

120

H
ea

rt 
R

at
e 

at
 1

2 
h 

(b
pm

)

E (12 h)

0 20 40 60 80 100 120
Baseline Heart Rate (bpm)

R = 0.31
p = .0004 F (16± 3 h)

0 20 40 60 80 100 120
Baseline Heart Rate (bpm)

R = 0.30
p = .0006

0

20

40

60

80

100

120

H
ea

rt 
R

at
e 

at
 1

6±
3 

h 
(b

pm
)

Fig. 2   Correlation between the heart rate (HR) at baseline before induction of general anesthesia and HR at 0 h (a), 3 h (b), 6 h (c), 9 h (d), 12 h 
(e), or 16 ± 3 h (f) in the intensive care unit



633J Anesth (2016) 30:628–636	

1 3

plasma concentration after five elimination half-lives [13]. 
Because the elimination half-life of dexmedetomidine is 
2–3  h [14–17], the time to reach steady-state concentra-
tion will be 10–15 h. Actually, by omitting loading doses in 
many patients (n = 100), the mean estimated plasma con-
centration progressively increased from 0.32 ng/ml at 0 h to 
0.95 ng/ml at 12 h. Without loading doses in many patients, 
sufficient sedative effects could be achieved in a majority 
of patients, probably because postoperative pain was gen-
erally mild after ESD, mechanical ventilation associated 
with bucking was not used, and patients undergoing ESD 
were older in age, compared with volunteers in previous 
studies [7, 15, 18]. Although earlier studies found no effect 
of age on pharmacokinetics of dexmedetomidine [12, 19], 
recent studies reported a prolonged elimination half-life 
in the elderly, thereby recommending reduced dosing [17, 
20]. Further, ED95 of a single dose of dexmedetomidine 
for achieving light sedation was 33  % lower in the older 
patients compared to young patients, suggesting a phar-
macodynamic difference by age [21]. Because our patients 
were relatively old in age, it was probable that small doses 
without loading doses could induce adequate sedation. Suc-
cessful sedation with dexmedetomidine without loading 
doses has been reported previously [22, 23].

Previous studies showed that sedative effects of dex-
medetomidine increased progressively as actual or target 

plasma drug concentrations increased from 0.1 to 5.1 ng/ml 
in a stepwise fashion in volunteers [7, 15, 18]. The thresh-
old concentration for inducing sedation was 0.1 or 0.2 ng/
ml depending on sedation assessment methods [18]. In our 
study, RASS scores decreased significantly only at 6 and 
9  h, compared with 0  h, indicating RASS scores did not 
decrease progressively, although plasma concentrations 
were expected to increase progressively. The reasons for 
this discrepancy were not clear. However, it was plausi-
ble that RASS scores did not decrease significantly at 3 h, 
compared with 0 h, because RASS scores at 0 h, assessed 
shortly after the end of anesthesia, might have been affected 
by residual effects of anesthetics and/or fentanyl given in 
the OR. In contrast, significantly decreased RASS scores at 
6 and 9 h might reflect a progressive increase in drug con-
centrations. In addition, a light–dark cycle might also con-
tribute to decreased RASS at 6 and 9 h. In many patients, 
6 and 9  h in the ICU corresponded to a relatively silent, 
dark period, which could facilitate patients’ natural sleep. 
Conversely, in most patients, 12 h or later corresponded to 
a relatively noisy, light period, when patients underwent 
many interventions, such as blood examinations, oral and 
tracheal suctioning, and endoscopic examinations, in prep-
aration for extubation, all of which might easily arouse 
patients under dexmedetomidine sedation. Further, not only 
opioid analgesics given in 43 patients but also hydroxyzine 
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Fig. 3   Correlation between blood pressure (BP) at baseline before 
induction of general anesthesia and BP at 0 h (a), 3 h (b), 6 h (c), 9 h 
(d), 12 h (e), or 16 ± 3 h (f) in the intensive care unit. Black closed 

circles indicate systolic blood pressure (SBP); gray open circles indi-
cate diastolic blood pressure (DBP)
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coadministered with pentazocine only during the dark 
period in 24 patients might affect sedation levels. These 
reasons might explain why RASS scores did not decrease 
progressively although drug concentrations were expected 
to increase progressively.

In this study, clinically relevant respiratory depression 
occurred in none of the patients. The alpha-2 adrenoceptor 
does not have an active role in the respiratory center [24]. 
Actually, many studies have reported that dexmedetomi-
dine did not cause clinically relevant adverse effects on res-
piration [6, 7, 15, 18, 25]. The present study reconfirmed 
the safety aspect of dexmedetomidine regarding respiration 
in intubated, spontaneously breathing patients without any 
ventilator support.

In this study, HR decreased significantly at 3  h, com-
pared with 0  h, but it remained unchanged afterward. In 
contrast, SBP and DBP decreased progressively until 
12  h. Previous studies in human volunteers showed that 
HR decreased progressively as plasma drug concentra-
tions increased progressively from low (0.1 ng/ml) to high 
(5.1 ng/ml) levels, whereas changes in blood pressure (BP) 
were biphasic; as concentrations increased progressively, 
BP initially decreased dose dependently in a low concen-
tration range (0.1–0.5  ng/ml), but it remained unchanged 
in an intermediate concentration range (0.5–1.2  ng/ml), 
and increased back toward or beyond baseline BP dose 
dependently in a high concentration range (1.2–5.1  ng/
ml) [15, 18]. Results of our study seemed to somewhat dif-
fer from those in volunteers [15, 18], in that BP continued 
to decrease until 12  h, although the mean estimated drug 
concentration had already reached the intermediate con-
centration range by 6  h, and in that HR did not decrease 
progressively while the mean estimated concentration 
increased progressively. These differences might be attrib-
utable to changes in the autonomic systems with aging, 
which include an increase in sympathetic nerve activity and 
a decrease in response to β-adrenoceptor stimulation sec-
ondary to both decreased β-receptor affinity and alterations 
in signal transduction [26, 27]. Reportedly, a low concen-
tration of dexmedetomidine predominantly induces cen-
trally mediated sympatholytic effects, thereby resulting in 
hypotension, whereas a high concentration predominantly 
induces α2-adrenoceptor-mediated vasoconstrictions, 
thereby resulting in hypertension [15]. Increased resting 
sympathetic nervous system activity with aging may be 
associated with the exquisite sensitivity of older patients 
to interventions that decrease sympathetic tone [26–28]. 
Such alterations with aging might explain why BP contin-
ued to decrease in our patients, in contrast to young volun-
teers [15, 18]. Further, although dexmedetomidine-induced 
slowing of HR is attributed to sympatholysis and a possible 
increase in cardiac vagal activity [15], older patients with 
decreased β-adrenoceptor responsiveness [26, 27] might 

mimic patients taking β-blockers who did not experience 
HR slowing when receiving dexmedetomidine [29]. This 
result might explain why our patients did not exhibit pro-
gressive decreases in HR with increasing concentrations, 
again contrasting with young volunteers [15, 18]. Results 
of our study suggested that the hemodynamic effects of 
dexmedetomidine observed in our patients might somewhat 
differ from those observed in young volunteers.

In this study, hemodynamic alterations occurred in 47 
patients (36.4  %). Previous studies showed that the most 
common side effects of dexmedetomidine were bradycardia 
and hypotension [30]. In our study, however, hypertension 
was the most common hemodynamic alteration observed in 
25 patients. Because continuous infusion was started with-
out loading doses in many patients and hypertension was 
most commonly observed within 6  h in 23 patients, one 
may argue that plasma concentrations of dexmedetomidine 
had not reached a therapeutic concentration to induce ade-
quate sedation, thereby resulting in initial hypertension and 
tachycardia as manifestations of stress responses to dis-
comfort from the tracheal tube and/or postoperative pain. 
However, BP and HR at 0 h in the ICU were no higher than 
those at baseline before the induction of general anesthesia, 
and the number of patients who were hypertensive (n = 18) 
and/or tachycardic (n = 3) at 0 h was no greater than that of 
patients who were hypertensive (n = 28) and/or tachycardic 
(n = 7) at baseline in the OR. These results suggested that 
under sedation with dexmedetomidine, stress responses at 
0 h in the ICU were no greater than stress responses caused 
by mental strains in the OR. In addition, there was no cor-
relation between any hemodynamic variable and RASS 
score at each assessment time, again suggesting that nei-
ther hypertension nor tachycardia was associated with inad-
equate sedation. In our study, initial BP and HR in the ICU 
significantly correlated with those at baseline in the OR. 
These results suggested that initial hypertension and tachy-
cardia could be interpreted merely as a reflection of patient 
baseline hemodynamics. Such significant correlations per-
sisted throughout the drug infusion period, indicating that 
baseline hemodynamics continued to exert a significant 
impact on hemodynamics during drug infusion. Thus, ini-
tial hypertension (n = 23) and tachycardia (n = 3) were not 
attributable to effects of dexmedetomidine, although late-
onset hypertension (n = 2) might result from dexmedeto-
midine-induced vasoconstriction [15].

On the other hand, bradycardia and hypotension as 
occurring in 11 and 10 patients, respectively, at 6 h or later 
were probably attributable to effects of dexmedetomi-
dine. However, bradycardia and hypotension were minor 
events not requiring active pharmacological intervention 
or discontinuation of drug infusion. Our findings were in 
agreement with previous authors’ summary that although 
dexmedetomidine was associated with hypotension and 
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bradycardia, both usually resolved without intervention 
[30].

There are limitations of this study. First, we could not 
find any dose–response relationships between drug doses 
and RASS scores, probably because many clinical factors 
other than drug doses could affect RASS scores. Second, 
we did not measure actual plasma drug concentrations, and 
thus we could not reach any definite conclusions regard-
ing concentration–effect relationships. Further studies are 
required to determine the optimal dosing protocol in our 
patient population and to clarify the effects of actual plasma 
drug concentrations on hemodynamics in the elderly.

In conclusion, sedation with dexmedetomidine in intu-
bated, spontaneously breathing patients after ESD was safe 
and effective. Hemodynamic alterations during dexme-
detomidine infusion greatly depended not only on hemo-
dynamic effects of dexmedetomidine but also on baseline 
hemodynamics before anesthesia. Without loading doses in 
many patients, plasma drug concentrations were expected 
to increase progressively. A progressive decrease in blood 
pressure and unchanged heart rate after an initial decrease 
suggested that hemodynamic effects of dexmedetomidine 
in our patients might somewhat differ from those reported 
in young volunteers, although further studies are required 
to elucidate these points.
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