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The purpose of this studywas to determine the effect of dexmedetomidine on hemodynamic responses toDLT intubation compared
to placebo and to assess the adverse effects related to dexmedetomidine. Sixty patients were randomly allocated to receive 0.7𝜇g/kg
dexmedetomidine (𝑛 = 30) or normal saline (𝑛 = 30) 10 minutes before general anesthesia. Systolic blood pressure (SBP), diastolic
blood pressure (DBP), mean arterial pressure (MAP), heart rate (HR), and rate pressure product (RPP) between groups were
recorded. During intubation and 10 minutes afterward (T1-T10), the mean SBP, DBP, MAP, HR, and RPP in the control group were
significantly higher than those in the dexmedetomidine group throughout the study period except at T1. The mean differences of
SBP, DBP, MAP, HR, and RPP were significantly higher in the control group, with the value of 15.2mmHg, 10.5mmHg, 14mmHg,
10.5 beats per minute, and 2,462.8mmHg min−1. Four patients in the dexmedetomidine group and 1 patient in the control group
developed hypotension, while 2 patients in the dexmedetomidine group had bradycardia. Prophylactic dexmedetomidine can
attenuate the hemodynamic responses to laryngoscopy and DLT intubation with minimal adverse effects. This trial is registered
with ClinicalTrials.gov NCT01289769.

1. Introduction

A double-lumen endotracheal tube (DLT) is a device fre-
quently used in thoracic surgery. It effectively provides lung
separation and facilitates changing from two- to one-lung
ventilation [1]. A previous study found that both laryn-
goscopy and DLT intubation could stimulate significant
hemodynamic responses and increase the plasma concen-
tration of catecholamines [2]. Although these hemodynamic
responses including tachycardia and hypertension are tran-
sient, they can be harmful to patients with hypertension,
myocardial ischemia, or cerebrovascular disease [3, 4]. The
supplement of an inhaled anesthetic agent during anesthetic

induction and intubation using a nondepolarizing muscle
relaxant is a normal practice at our hospital. However, we
observe that this practice is found ineffective to attenuate the
hemodynamic responses to intubation and rescue treatment
is frequently required. Therefore, some measures should be
added in order to optimize this condition.

Several drugs have been used to attenuate the hemody-
namic responses to laryngoscopy and DLT intubation. Dex-
medetomidine, a highly selective 𝛼2 receptor agonist, pro-
duces sedative, analgesic, and central sympatholytic effects.
It reduces norepinephrine release at the neuroeffector junc-
tion, inhibits neurotransmission of sympathetic nerves, and
decreases plasma catecholamines, which results in a slight
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Figure 1: The Consolidated Standards of Reporting Trials flow diagram of the study.

decrease in blood pressure and lowering of the heart rate
[5, 6]. On the other hand, dexmedetomidine can also increase
SBP, the effect mediated by peripheral 𝛼2 receptor agonism at
the vascular smooth muscle. This effect is associated with a
higher dose of dexmedetomidine or rapid drug administra-
tion [7]. Dexmedetomidine has been used to attenuate the
hemodynamic responses to single-lumen endotracheal tube
intubation [8–12]; however, its effect on the hemodynamic
responses during DLT intubation has not been investigated.
The purpose of the present study is to determine the effect
of dexmedetomidine on the hemodynamic responses to DLT
intubation compared to placebo and to assess the adverse
effects related to dexmedetomidine.

2. Methods

After approval from the institutional review board and
written informed consent were obtained, 60 patients with
the American Society of Anesthesiologists (ASA) physical
status I-III, aged 18–65 years, undergoing scheduled thoracic
surgery between March and December 2011 were enrolled in
the study. Exclusion criteria were preoperative arrhythmias,
bradycardia (heart rate < 50 beats per minute), second- or
third-degree atrioventricular block, tachycardia (heart rate >
100 beats per minute), coronary artery disease, previous cere-
brovascular accident, poorly controlled hypertension, renal
or liver impairment and suspected difficult intubation. All
patients had 0.2mg/kg of diazepam orally two hours before

surgery. In the operating theater the following monitoring
was established: noninvasive blood pressure monitoring,
electrocardiography (ECG) using the three-lead electrode
system, peripheral oxygen saturation, and radial artery
catheterization with a 20G catheter. Patients were randomly
allocated into two groups: the dexmedetomidine group and
the control group, using a block of four randomizations
with each randomized number concealed in a sealed, opaque
envelope which would be opened after radial artery catheter-
ization. The dexmedetomidine group received dexmedeto-
midine, 0.7 𝜇g/kg in 0.9% NaCl 20mL, while the control
group received 0.9%NaCl 20mL. Both the dexmedetomidine
solution and 0.9% NaCl were prepared by a nurse who was
not involved in the study so that the investigators would be
unaware of the group identity. The designated solution was
infused over 10 minutes before the induction of anesthesia.
Propofol 2.5mg/kg and fentanyl 1𝜇g/kg were given followed
by rocuronium 0.6mg/kg to facilitate endotracheal intuba-
tion. Anesthesia was maintained with 1% vaporizer setting of
concentration of sevoflurane until tracheal intubation. Four
minutes later, the laryngoscopy and endotracheal intubation
were performed using a 39 Fr, 37 Fr, or 35 Fr endobronchial
tube as recommended by Slinger and Campos [13]. All intu-
bation attempts were performed by the same anesthesiologist
(TP). Hemodynamic parameters (systolic blood pressure
(SBP), diastolic blood pressure (DBP), mean arterial pressure
(MAP), heart rate (HR), and rate pressure product (RPP,
SBP ×HR)) were recorded at baseline, just before intubation,
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Table 1: Patient characteristics and operative data.

Variables Dexmedetomidine group (𝑛 = 30) Control group (𝑛 = 30)
Age (yr) 48.0 ± 19.4 47.8 ± 15.1

Sex
Female 12 (40) 17 (57)
Male 18 (60) 13 (43)

ASA
I 11 (37) 8 (27)
II-III 19 (63) 22 (73)

Body mass index (kg/m2) 21.2 ± 3.3 20.8 ± 3.3

Concurrent disease
Hypertension 10 (33) 6 (20)
Diabetes mellitus 3 (10) 1 (3)

Duration of anesthesia (minutes) 172 ± 80 154 ± 68

Duration of surgery (minutes) 142.3 ± 80.4 121.3 ± 67.5

Type of operation
Thoracoscopy 11 (37) 18 (60)
Thoracotomy 19 (63) 12 (40)

Extent of surgery
Explorative thoracotomy 9 (31) 11 (39)
Wedge resection 5 (17) 6 (21)
Lobectomy 15 (52) 10 (36)
Pneumonectomy 0 1 (4)

Baseline hemodynamic variables
SBP (mmHg) 141.6 ± 19.7 136.1 ± 18.9

DBP (mmHg) 78.9 ± 9.6 74.8 ± 12.4

MAP (mmHg) 101.9 ± 12.2 95.9 ± 14.9

HR (beats per minute) 78.4 ± 17.1 81.2 ± 16.7

RPP (mmHgmin−1) 11, 094.0 ± 2, 571.2 10, 931.7 ± 2, 381.8

Intubation time (seconds) 19.8 ± 6.9 20.7 ± 8.7

Data are presented as mean ± SD or number (%).
ASA: The American Society of Anesthesiologists, SBP: systolic blood pressure, DBP: diastolic blood pressure, MAP: mean arterial pressure, HR: heart rate,
RPP: rate pressure product.

during intubation, and every minute after intubation for 10
minutes. Recording of parameters including intubation time
(time from applying a laryngoscopy to tracheal cuff inflation)
was done by another nurse whowas not involved in the study.
The incidences of hypotension (a decrease in SBP > 25% of
baseline or SBP < 90mmHg) and bradycardia (a decrease in
HR > 25% of baseline or HR < 50 beats per minute) were
also noted. Rescue medication was comprised of ephedrine
3mg increments for hypotension (SBP < 90mmHg for 60
seconds), nicardipine 0.5mg increments for hypertension
(SBP > 200mmHg or DBP > 120mmHg for 60 seconds)
[2, 14, 15], and atropine 0.3mg increments for bradycardia
(HR < 50 beats per minute). The flow diagram of the study,
recommended by the Consolidated Standards of Reporting
Trials, is presented in Figure 1.

The primary endpoint of this study was to determine the
differences of hemodynamic parameters between groups.The
secondary endpoint was the adverse effects of dexmedeto-
midine such as hypotension, hypertension, bradycardia, or
airway obstruction during study drug administration. Based

on our pilot study, a sample size of 24 patients per group
was required to detect a 25% change of MAP between groups
with a power of 90% at the 5% significant level. However,
we decided to recruit 30 patients per group to compensate
for 20% of dropouts. All statistical analysis was performed
using Stata software (version 11.0, College station, TX, USA).
Data were presented as mean ± SD for continuous data
and number and percent for categorical data. The Shapiro-
Wilk test was used to determine normal distribution of
data. Statistical analyses were performed using Fisher’s exact
probability test, unpaired t-test, or the Mann-Whitney U
tests as appropriate. If the difference of the hemodynamic
parameters between groups is marginally insignificant, a
multi-level mixed model would be analyzed. The multilevel
mixed model was used to investigate the effects of group,
time, and individuals.Thenumber needed to treat (NNT)was
calculated to demonstrate the efficacy of dexmedetomidine
administration and defined as numbers of patients needed
to be treated to prevent one episode of an increase in MAP
more than 25% after intubation compared to baseline value.
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Figure 2: A line graph demonstrated the mean SBP and their stan-
dard deviation comparing groups at different time points. Baseline
refers to the point of time before the study drug is administered.
Before intubation refers the point of time after anesthetic induction
just before DLT intubation. T0 is the period during intubation. T1–
T10 refer the points of time as minutes after intubation. SBP: systolic
blood pressure. +P value < 0.05 compared between groups. ΔP value
< 0.05, significant difference compared with baseline in the control
group. ×P value< 0.05, significant difference comparedwith baseline
in the dexmedetomidine group.
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Figure 3: A line graph demonstrated the mean DBP and their stan-
dard deviation comparing groups at different time points. Baseline
refers to the point of time before the study drug is administered.
Before intubation refers the point of time after anesthetic induction
just before DLT intubation. T0 is the period during intubation.
T1–T10 refer the points of time as minutes after intubation. DBP:
diastolic blood pressure. +P value < 0.05 compared between groups.
ΔP value < 0.05, significant difference compared with baseline in the
control group. ×P value < 0.05, significant difference compared with
baseline in the dexmedetomidine group.

A 𝑃 value lower than 0.05 was considered to be statistically
significant. Statistical analysis was based on the intention to
treat.

3. Results

Sixty patients were randomized and completed the study.
Patient characteristics, baseline hemodynamic variables, and
intubation time were comparable between both groups
(Table 1). Before intubation, mean SBP, DBP, MAP, and RPP
in both groups were not significantly different; however,
mean HR in the dexmedetomidine group was significantly
lower than that of the control group (𝑃 < 0.05). During
DLT intubation (T0) and 10 minutes afterward (T1–T10), the
mean SBP, DBP, MAP, HR, and RPP in the control group
were significantly higher than those of the dexmedetomidine
group throughout the study period except T1, in which
the blood pressures (BP) were not statistically different
(Figures 2, 3, 4, and 5). A maximal increase of mean HR was
observed at T0 in the control group, while amaximal increase
of the mean HR in the dexmedetomidine group occurred
at T1. Meanwhile, the mean differences of SBP, DBP, MAP,
HR, and RPP were significantly higher in the control group
between baseline, before intubation, during intubation, and
T1–T10 after being adjusted for age, gender, ASA, concurrent
disease, intubation time, baseline hemodynamic variables,
and intubation attempts (𝑃 < 0.001) as shown in Table 2. In
the dexmedetomidine group, the mean SBP, DBP, and MAP
decreased significantly from the baseline before intubation,
during intubation, and all through 10 minutes afterward
except at T1 (𝑃 < 0.05). The mean SBP before intubation
was 106.5 ± 20.7mmHg, while the lowest mean SBP was
observed at T7 (97.2 ± 13.2mmHg). Significant decreases of
mean HR from the baseline were before intubation and from
T6 to T10, with the lowest mean value of 67.3 ± 13.1 beats
per minute before intubation (𝑃 < 0.05). The mean values
of SBP, DBP, MAP, HR, and RPP at different time points in
both groups were presented in Table 3. Table 4 shows the
incidences of adverse effects during and after intubation,
which were not significantly different between groups. Four
patients in the dexmedetomidine group and 1 patient in the
control group developed hypotension, all of whom but 1 in
the dexmedetomidine group required rescue medications.
No patient in the control group had bradycardia. In the
dexmedetomidine group, 2 patients had bradycardia and only
1 patient required treatment. All patients who received rescue
medications responded very well to treatment. There was no
episode of respiratory obstruction observed during adminis-
tration of the study drug. NNT to prevent an increase ofMAP
more than 25% of baseline for dexmedetomidine was 10 (95%
CI: 3.4–10.6). All patients were able to be extubated after the
operation.

4. Discussion

An inhaled anesthetic agent is commonly used in combina-
tion with an intravenous anesthetic agent before a nonde-
polarizing muscle relaxant reaches its onset. In our practice,
1% concentration of sevoflurane may be sufficient to prevent
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Table 2: The multivariate mean difference of systolic blood pressure, diastolic blood pressure, mean arterial pressure, and heart rate by
treatment group adjusted for multiple variables†.

Difference∗ 𝑃 value 95% CI
Systolic blood pressure (mmHg) 15.2 <0.001 6.9–23.6
Diastolic blood pressure (mmHg) 10.5 <0.001 5.6–15.3
Mean arterial pressure (mmHg) 14.0 <0.001 7.4–20.6
Heart rate (beats per minute) 10.5 <0.001 6.2–14.8
Rate pressure product (mmHgmin−1) 2, 462.8 <0.001 1, 415.7–3, 510.0
Themean difference of each hemodynamic variable was estimated from hemodynamic change between baseline, before intubation, during intubation, and T1–
T10.
†Adjusted for age, gender, ASA classification, preexisting hypertension, baseline hemodynamic variables, intubation time, and intubation attempts.
∗Placebo group-treatment group.
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Figure 4: A line graph demonstrated themeanMAP and their stan-
dard deviation comparing groups at different time points. Baseline
refers to the point of time before the study drug is administered.
Before intubation refers the point of time after anesthetic induction
just before DLT intubation. T0 is the period during intubation. T1–
T10 refer the points of time as minutes after intubation. MAP: mean
arterial pressure. +P value < 0.05 compared between groups. ΔP
value < 0.05, significant difference compared with baseline in the
control group. ×P value < 0.05, significant difference compared with
baseline in the dexmedetomidine group.

awareness during induction of anesthesia [16]; however, this
concentration does not effectively attenuate the hemodynam-
ic responses to intubation. This study found that the mean
SBP, DBP, MAP, HR, and RPP in the control group were sig-
nificantly higher than those of the dexmedetomidine group
all through 10 minutes after DLT intubation, except mean
SBP, DBP, and MAP between groups at T1. Corresponding to
a previous study, this study showed that maximal increases
of blood pressure and heart rate occurred 1 to 2 minutes
after DLT intubation in the control group and returned to
baselinewithin 5minutes [2].Thompson et al. showed that an
increase of hemodynamic responses after DLT intubation in
patients with an adequate depth of anesthesia was associated
with an increase of the plasma level of norepinephrine [2]. In
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Figure 5: A line graph demonstrated the mean HR and their stan-
dard deviation comparing groups at different time points. Baseline
refers to the point of time before the study drug is administered.
Before intubation refers the point of time after anesthetic induction
just before DLT intubation. T0 is the period during intubation. T1–
T10 refer the points of time as minutes after intubation. HR: heart
rate. +P value < 0.05 compared between groups. ΔP value < 0.05,
significant difference compared with baseline in the control group.
×P value < 0.05, significant difference compared with baseline in the
dexmedetomidine group.

addition, previous studies reported that RPP was one of the
major determinants of myocardial oxygen consumption and
RPP> 20,000mmHgmin−1 could precipitate angina pectoris
[17]. Four patients (13%) in the control group and 1 patient
(3%) in the dexmedetomidine group had an RPP of more
than 20,000mm Hg min−1, which could increase the risk of
myocardial ischemia [17, 18]. The effect of dexmedetomidine
on lowering SBP, HR, and RPP could decrease themyocardial
oxygen requirement and may be advantageous for patients at
risk of coronary artery disease [19]. Moreover, the effect of
dexmedetomidine in the controlling of blood pressure and
heart rate during intubationmay be beneficial in patientswith
preexisting hypertension or risk of stroke [20].
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Table 4: Incidence of adverse effects during and after intubation.

Events Dexmedetomidine group (𝑛 = 30) Control group (𝑛 = 30) 𝑃 value
Hypotension

SBP < 90mmHg 4 (13%) 1 (3%) 0.313
Hypertension

SBP > 200mmHg 1 (3%) 4 (13%) 0.171
Bradycardia

(HR < 50 beats per minute) 2 (7%) 0 0.496
Data are presented as number (%). SBP: systolic blood pressure, HR: heart rate.

Various dosages of preoperative dexmedetomidine rang-
ing from 0.5 to 2 𝜇g/kg have been investigated to attenuate
the sympathoadrenal and hemodynamic responses following
single-lumen endotracheal tube intubation [8, 10, 12, 21]. A
randomized controlled trial study demonstrated that the use
of 0.5 𝜇g/kg of dexmedetomidine could decrease the HR and
MAP at the 10thminute after intubation compared to placebo
in patients undergoing general surgery [22]. However, the
HR seemed to be inadequately attenuated few minutes after
intubation as observed from the result of the former study.
Moreover, the investigators did not compare hemodynamic
parameters between groups at that time interval in their
study. The use of 1𝜇g/kg of dexmedetomidine in patients
undergoing general surgery could lower both HR and MAP
more effectively than the use of fentanyl alone 1, 3, and 5
minutes after intubation and reduce the requirement of in-
traoperative fentanyl and isoflurane [12]. The administration
of 2𝜇g/kg of dexmedetomidine lowered SBP, DBP, and HR
significantly compared to a placebo and reduced the intraop-
erative isoflurane requirement [21]. During our pilot study,
the investigator beganwith 1𝜇g/kg of dexmedetomidine infu-
sion over 10 minutes and we found that some patients devel-
oped severe hypotension and bradycardia after the induc-
tion of general anesthesia and intubation. Therefore, we de-
cided to decrease dose of dexmedetomidine to 0.7𝜇g/kg in
order to minimize its adverse effects.

In the dexmedetomidine group, mean HR and RPP were
significantly lower than those in the control group all through
10minutes after intubation.Maximal increases of blood pres-
sures in the dexmedetomidine group occurred at T1 and
they were not significantly different from those in the con-
trol group. However, these differences were marginally insig-
nificant. In addition, we observed that some patients had
exaggerated hemodynamic responses during and after intu-
bation. The analysis of average mean difference between
groups at different time points is may be inappropriate in
this situation.Therefore, the multilevel mixed model analysis
was then used to evaluate the differences of hemodynamic
parameters between groups throughout the study period.The
results showed that mean differences adjusted for multiple
variables of SBP, DBP, and MAP were significantly higher in
the control group than those of the dexmedetomidine group
over 10minutes after intubation. However, dexmedetomidine
at dose of more than 0.7 𝜇g/kg may be required in order to
ensure the complete abolishment of hemodynamic responses
at T1.

Hypotension and bradycardia are common adverse
hemodynamic effects in patients receiving dexmedetomidine
as a result of decreasing the central sympathetic nervous
activity or preserving the baroreceptor reflex [7]. In the
present study, only a few patients had significant hypotension
and bradycardia during or after dexmedetomidine adminis-
tration and responded well to rescue medications. Hypoten-
sion and bradycardia occur frequently in patients receiving an
initial loading dose of dexmedetomidine especiallywith rapid
administration and also in those with concurrent negative
chronotropicmedications [19]. Previous studies reported that
the undesirable effects of dexmedetomidine were dose relat-
ed. Basar et al. reported that the incidence of bradycardia
after a single dose of 0.5 𝜇g/kg of dexmedetomidinewas about
5% [8], while a study of Sulaiman et al. showed develop-
ment of hypotension or bradycardia with a similar dosage
of dexmedetomidine [22]. The incidence of hypotension
occurred by about 20% with the use of 1𝜇g/kg of dexmedeto-
midine in patients undergoing coronary artery bypass graft
surgery [11]. Nevertheless, transient tachycardia, hyperten-
sion, and oxygen desaturation were observed after the use of
1 𝜇g/kg of dexmedetomidine in the study of Bajwa et al. [12]. A
randomized controlled trial investigated the effect of 2 𝜇g/kg
of dexmedetomidine and placebo on anesthetic requirement
and perioperative hemodynamic stability. The former study
reported that the incidences of intraoperative hypotension,
bradycardia, and partial airway obstruction were 20%, 24%,
and 12%, respectively. In addition, 56% of patients in the
dexmedetomidine group developed bradycardia in the post-
anesthesia care unit and subsequently had a significantly
longer stay in the postanesthesia care unit compared to the
placebo group [21]. In this study, although we did not ob-
serve any adverse event during the use of 0.7 𝜇g/kg of dex-
medetomidine in the pilot study, hypotension (13%) and
bradycardia (7%) were observed after intubation in the main
study. However, we could not detect any difference in adverse
effects between groups.

There were a few limitations of this study. First, we did
not measure the plasma concentration of catecholamines.
Therefore, we could not demonstrate the effectiveness of this
dosage of dexmedetomidine in decreasing the sympathetic
nervous system activity. Second, in this study, we could not
confirm the anesthesia depth in both groups due to lack of
facility. Inadequate depth of anesthesia can, to some extent,
increase the hemodynamic responses to intubation.
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5. Conclusion

Prophylactic dexmedetomidine can attenuate the hemody-
namic responses to laryngoscopy and DLT intubation with
minimal adverse effects. This application may be useful to
patients who are at risk of cardiovascular complications
related to severe hypertension and tachycardia after DLT
intubation.
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