
Available online at www.sciencedirect.com
ScienceDirect

Journal of the Chinese Medical Association 80 (2017) 476e481
www.jcma-online.com
Original Article

Effects of small-dose dexmedetomidine on hyperdynamic responses to
electroconvulsive therapy

Xiang Li a, Fang Tan a, Chao-Jun Jian b, Na Guo a, Zhi-Yong Zhong c, Zi-Qing Hei a,
Shao-Li Zhou a,*

a Department of Anesthesiology, The Third Affiliated Hospital, Sun Yat-sen University, Guangzhou, China
b Department of Anesthesiology, The University of Hong Kong-Shenzhen Hospital, Shenzhen, China
c Department of Psychiatry, The Third Affiliated Hospital, Sun Yat-sen University, Guangzhou, China

Received December 3, 2016; accepted February 18, 2017
Abstract
Background: Acute hemodynamic responses to electroconvulsive therapy (ECT) may increase the risk of cardiovascular complications in
vulnerable patients. The aim of the current study was to assess the effect of small-dose dexmedetomidine on hyperdynamic responses to ECT.
Methods: Seventy-eight patients were enrolled and randomly allocated to receive either 0.2 mg/kg dexmedetomidine (Dex group, n ¼ 39) or
saline (Control group, n ¼ 39) prior to ECT. Heart rate (HR) and mean arterial pressure (MAP) were recorded immediately after the admin-
istration of dexmedetomidine (T1), and 0, 1, 3, 5 and 10 min after the electrical stimuli ended (T2, T3, T4, T5 and T6). In addition, the peak HR
after ECT, seizure duration, recovery time, and incidence rates of post-ECT adverse effects (agitation, headache and nausea) were also recorded.
Results: HR and MAP in the Dex group were significantly lower than those in the Control group from T2 to T5. In addition, peak HR was
significantly lower in the Dex group compared with that in the Control group. Seizure length and time to spontaneous breathing, eye opening,
and obeying commands in the Dex group were similar to those in the Control group. The incidence rates of post-ECT agitation and headache in
the Dex group were significantly lower than that in the Control group.
Conclusion: The administration of 0.2 mg/kg dexmedetomidine to patients receiving ECT leads to a significant reduction in HR, MAP, and peak
HR responses to ECT without altering seizure duration or delaying recovery. Furthermore, dexmedetomidine effectively reduced the incidence
rates of post-ECT adverse effects such as agitation and headache.
Copyright © 2017, the Chinese Medical Association. Published by Elsevier Taiwan LLC. This is an open access article under the CC BY-NC-ND
license (http://creativecommons.org/licenses/by-nc-nd/4.0/).
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1. Introduction resulting from parasympathetic discharge coincident with ECT,
Electroconvulsive therapy (ECT) is an effective non-
pharmacological intervention for patients with severe and
persistent psychiatric illnesses, and is recommended by the
American Psychiatric Association as an alternative to ineffec-
tive pharmacotherapy.1e3 However, hyperdynamic responses
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followed by a sympathetic response, may increase the risk of
cardiovascular complications in patients with ischemic heart
disease, hypertension and cerebrovascular disease.4 In recent
decades, it has been customary to perform ECT under general
anesthesia supplemented with a muscle relaxant. In addition, a
number of anesthetic agents such as a-2 adrenergic agonists and
b blockers have proven to be effective in reducing the incidence
of hyperdynamic responses during ECT.4,5

As a full agonist of the a-2 adrenergic receptor, dexmede-
tomidine has traditionally been applied during ECT at the dose
of 0.5 or 1.0 mg/kg, which effectively blunts the acute hemo-
dynamic response to ECT.4,6e9 However, some side effects
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have been reported. For example, delayed recovery was
observed when 0.5 mg/kg dexmedetomidine was administrated
during ECT.9 Moreover, the effect of dexmedetomidine on
parasympathetic activity may increase the risk of transient
bradycardia or even asystole during ECT.10,11 These side effects
of dexmedetomidine may narrow its application for vulnerable
patient populations. Recent studies have evaluated the effects of
small-dose dexmedetomidine in clinical practice.11e13 The
present study explored whether the use of 0.2 mg/kg dexme-
detomidine would effectively reduce the hyperdynamic
response to ECT. In addition, the influence of small-dose dex-
medetomidine on seizure duration, recovery time and incidence
of post-ECT adverse effects were also assessed.

2. Methods
2.1. Participants
The present clinical trial was in accordance with the
Declaration of Helsinki, approved by the Research Ethics
Committee of the Third Affiliated Hospital of Sun Yat-Sen
University (Guangzhou, China) and registered with the Chi-
nese clinical trial registry (ChiCTR-IOR-15006463).

Patients who were scheduled to undergo ECT as a treatment
for a psychiatric condition at the Third Affiliated Hospital of
Sun Yat-Sen University between June 2015 and March 2016
were recruited for the study. Inclusion criteria were that pa-
tients be between 16 and 55 years of age, and have an
American Society of Anesthesiologists' (ASA) Physical Status
class of I-II. Patients who declined to participate or suffered
any of the following symptoms or diseases were excluded
from the study: severe hepatic and/or renal insufficiency, brain
organic disease, cardiac insufficiency, sick sinus syndrome,
bradycardia, atrioventricular block of degree II and III, and
any contraindications of dexmedetomidine. Written informed
consent was obtained from each participant and their legal
guardian.

All participants were randomly allocated to the dexmede-
tomidine group (Dex group) or the control group (Control
group) using a computer-generated random number with a 1:1
allocation. An independent investigator, not involved in the
clinical management or data collection, maintained allocation
data. The allocation details were stored in a sealed, opaque
envelope in order to enable patients and data collectors to
remain blinded to group allocation. Prior to ECT, the alloca-
tion details were shown to the anesthesiologists who did not
participate in data analysis, and the related data were collected
during ECT by an independent staff blinded to allocation
details. The allocation was not revealed until final statistical
analysis was completed.
2.2. Procedures
After routine monitoring of electrocardiogram (ECG),
pulse oxygen saturation (SpO2) and blood pressure (BP), all
patients received 0.006 mg/kg atropine in order to counter the
initial parasympathetic effects of ECT.14 After atropine was
administered, patients in the Dex group were infused with
0.2 mg/kg dexmedetomidine (diluted to 10 ml with 0.9% sa-
line) at a steady rate of 2 ml/min, while patients in the Control
group were infused with 10 ml of 0.9% saline at the same rate.
Our choice of 0.2 mg/kg as the dose for dexmedetomidine was
consistent with previous studies that added 0.2 mg/kg dex-
medetomidine to intravenous anesthetics for attenuating the
hemodynamic stress response during surgeries.15,16 All pa-
tients were oxygenated with 100% oxygen before anesthesia
induction. After completion of dexmedetomidine (or saline)
administration, anesthesia induction was performed with
intravenous 1.5 mg/kg propofol. Subsequent to loss of con-
sciousness, 0.7 mg/kg succinylcholine was administered.
Assisted ventilation via face mask was performed using 100%
oxygen at a flow rate of 4 L/min for all patients during the
ECT procedure. A bite block was used to protect the patients'
teeth, lips, and tongue from injury caused by the contraction of
facial muscles. The ventilation method was in accordance with
previous studies.4,7,8,17

When neuromuscular response was completely blocked,
ECT was performed by Thymatron System IV (Somatics Inc.,
Lake Bluff, IL, USA) bitemporal electrode stimulation. The
dose of electrical charge was titrated to approximately 50%
above each individual's seizure threshold and adjusted as
needed according to seizure quality throughout the ECT
course. There was an interval of two or three days between
each ECT sessions.

Age, weight, gender, HR and mean arterial pressure (MAP)
were recorded at baseline for all participants. It was reported
that the hemodynamic effect is usually due to a sympathetic
response occurring within approximately 10 min of electrical
stimulation during ECT procedures, and increasing hemody-
namic variables during ECTwasmost significant during the first
5 min post electrical stimulation. We therefore recorded he-
modynamics variables at 10 min post electrical stimulation and
performed more frequent observations (1e2 min) for the first
5 min.4,8,18 The HR and MAP were recorded immediately after
administration of dexmedetomidine (Dex group) or saline
(Control group) (T1) and at 0, 1, 3, 5 and 10 min after the
electrical stimulation ended (T2, T3, T4, T5 and T6, respec-
tively). The selection of time points was in linewith the previous
studies.4,8 In addition, the values of peak HR immediately after
the electrical stimuli were recorded from the ECG.

Recovery time, seizure duration and incidence rates of post-
ECT adverse effects (agitation, headache and nausea) were
measured. Recovery time was measured as the time from the
end of succinylcholine administration until spontaneous
breathing, eye opening, and obeying commands were observed.
Seizure duration was measured by electroencephalography
(EEG) trace. The incidence rate of post-ECTadverse effects was
measured as the proportion of ECT sessions that occurred with
adverse effects. Agitation scorewas recorded after full recovery,
and conducted according to the following scale: 1 ¼ sleepy,
2 ¼ awake and peaceful, 3 ¼ irritable and noisy,
4¼ disconsolate noisy, and 5¼ severe blenched or sitting on the
bed and shrieking.19 The incidence rates of bradycardia
(HR < 50 bpm) and hypotension (SAP < 90 mmHg) were



Table 1

Baseline demographic and peri-ECT clinical variables.

Variables Dex group Control group p
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recorded as the proportion of ECT sessions that occurred with
these two events.

The primary measurements were: 1) HR and MAP from T1
to T6, and 2) the peak HR immediately after electrical stim-
ulation. The secondary measurements were: 1) recovery time,
2) EEG based seizure duration, and 3) incidence rate of post-
ECT agitation, headache and nausea.

In a preliminary study, the peak HR for patients who
received 0.2 mg/kg dexmedetomidine was 97.13 ± 13.74 bpm,
while for those who received 0.9% saline peak HR was
107.80 ± 13.38 bpm. For a two-sided type I error of 0.05 with
a statistical power of 80%, 34 patients in each group was
required. With an expected 15% dropout rate, we included 40
patients in each group.

Statistical analysis was performed using the software SPSS
for Windows (version 16.0, SPSS, Chicago, IL, USA).
Continuous variables were expressed as mean ± SD values,
while the qualitative variables were expressed as number (n)
and percent (%). Multiple measurements were analyzed using
repeated-measures analysis of variance. Other continuous
variables were assessed by the independent samples t-test.
Additionally, Pearson's c2 test or a Fisher's exact test was used
to examine the differences between qualitative variables. A p-
value of 0.05 or less was considered statistically significant.

3. Results

A total of 80 patients were randomly assigned to the Dex or
Control group. After excluding two patients who refused to
continue with subsequent ECT sessions after the first session,
78 patients with a total of 468 ECT sessions (six sessions for
each patient) were included in the final analyses (n ¼ 39 for
Assessed for eligibility 
(n=152)

Entered study 
(n=80)

Excluded (n=72)
Refused to participate (n=34)
Not meeting 
inclusion criteria (n=30)
Bradycardia (n=8)

Dex group 
(n=40)

Control group
(n=40)

Final analysis
(n=39)

Final analysis
(n=39)

Excluded (n=1)
Refused to receive the 
subsequent ECT 
sessions when finished 
the first session

Excluded (n=1)
Refused to receive the 
subsequent ECT 
sessions when finished
the first session

Fig. 1. Study flow diagram.
each group). A CONSORT20 flow diagram is depicted in
Fig. 1. There were no differences between the groups in terms
of demographics (Table 1).

Baseline HR and MAP values did not differ significantly
between the Dex and Control group (HR: p ¼ 0.859; MAP:
p ¼ 0.705) (Table 1). After ECT, the HR and MAP values in
the Control group were significantly higher than those in the
Dex group at T2 (HR: p < 0.001; MAP: p < 0.001), T3 (HR:
p < 0.001; MAP: p < 0.001), T4 (HR: p < 0.001; MAP:
p < 0.001) and T5 (HR: p < 0.001; MAP: p ¼ 0.002) (Fig. 2).
HR and MAP values were reduced to baseline levels at T4 in
the Dex group (HR: p ¼ 0.474; MAP: p ¼ 0.278) and at T6 in
the Control group (HR: p ¼ 0.573; MAP: p ¼ 0.353) (Fig. 2).
In addition, the peak HR in the Dex group was significantly
higher than that in the Control group ( p < 0.001) (Fig. 2A and
Table 1).

Although the HR and MAP values were lower in the Dex
group than those in the Control group immediately after
dexmedetomidine administration (T1), the differences were
not statistically significant between the two groups (HR:
p ¼ 0.113; MAP: p ¼ 0.170) (Fig. 2). No significant differ-
ences in the occurrence of bradycardia or hypotension be-
tween the groups were observed (Table 1). There were no
episodes of bradycardia (HR < 45 bpm) requiring atropine or
hypotension (systolic arterial pressure [SAP] < 80 mmHg)
requiring ephedrine during the study in either group.

There was no difference between the groups ( p ¼ 0.214) in
EEG seizure length (Table 1). Recovery time also did not
(n ¼ 39) (n ¼ 39)

No. of ECT sessions (N) 234 234

Pre-ECT characteristics

Age (year) 29.97 ± 10.56 28.28 ± 11.09 0.492

Weight (Kg) 59.33 ± 10.46 59.29 ± 11.90 0.988

Gender (male/female) 21/18 25/14 0.357

HR (bpm) 82.41 ± 10.44 82.23 ± 11.31 0.859

MAP (mmHg) 86.38 ± 10.42 86.02 ± 10.18 0.705

Intra- and post-ECT variables

Values of peak HR (bpm) 100.01 ± 16.83 117.30 ± 18.22 <0.001
EEG seizure length (s) 30.09 ± 3.17 31.32 ± 5.23 0.214

Recovery time

Spontaneous breathing (min) 4.43 ± 0.55 4.28 ± 0.51 0.226

Open eyes (min) 7.43 ± 0.72 7.42 ± 0.67 0.977

Obey commands (min) 10.45 ± 0.98 10.35 ± 1.05 0.677

Incidence rate of

bradycardia (N [%])

4 (1.71) 1 (0.43) 0.177

Incidence rate of

hypotension (N [%])

5 (2.14) 3 (1.28) 0.476

Incidence rates of post-ECT adverse effects

Agitation (agitation

score � 3, N [%])

36 (15.38) 58 (24.79) 0.011

Headache (N [%]) 14 (5.98) 27 (11.54) 0.034

Nausea (N [%]) 7 (2.99) 12 (5.13) 0.242

Values are means ± SD except for gender (male/female) and incidence rates of

bradycardia (N [%]), hypotension (N [%]) and post-ECT adverse effects

(N [%]).

Dex ¼ dexmedetomidine; ECT ¼ electroconvulsive therapy; HR ¼ heart rate;

MAP ¼ mean arterial pressure; EEG ¼ electroencephalography.



Fig. 2. Hemodynamics of different time points during ECT. (A) HR from baseline to T6, (B) MAP from baseline to T6 (Dex ¼ dexmedetomidine;

ECT ¼ electroconvulsive therapy; HR ¼ heart rate; MAP ¼ mean arterial pressure; *p < 0.05 versus the Control group; #p < 0.05 versus the baseline value).
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differ between the Dex and the Control group ( p ¼ 0.226 for
time of spontaneous breathing, p ¼ 0.977 for time of eye
opening, p ¼ 0.677 for time of obeying commands) (Table 1).
The incidence rates of post-ECT agitation (score � 3) and
headache were both significantly lower in the DEX group
compared to the Control group ( p ¼ 0.011 for agitation and
p ¼ 0.034 for headache) (Table 1). There were no significant
differences in the incidence rate of nausea ( p ¼ 0.242) be-
tween the groups (Table 1).

4. Discussion

The current study demonstrated that the administration of
0.2 mg/kg dexmedetomidine reduced the hemodynamic
response to ECT without altering seizure duration or delaying
recovery. In addition, 0.2 mg/kg dexmedetomidine effectively
reduced the incidence of post-ECT adverse effects such as
agitation and headache.

ECT stimulation leads to parasympathetic discharge fol-
lowed by a sympathetic response, which can result in a
30e40% increase in systolic blood pressure (SBP) and an over
20% increase in HR.21 In addition, ECG ischemia and
50e400% increases in the rate pressure product have also
been observed.22,23 It is difficult to perform a comprehensive
screen for aneurysms and structure blood vessel abnormalities
prior to ECT24 and thus, transient changes in circulatory dy-
namics remain one of the major risks in ECT.

Dexmedetomidine is a highly selective a2 receptor agonist.
It possesses a number of other properties during surgery such
as analgesic, sedative, anesthetic-sparing, sympatholytic, and
hemodynamic-stabilizing, making it a useful and safe adjunct
during anesthesia.25 For example, administration of dexme-
detomidine prior to the administration of propofol may
significantly reduce the incidence of injection pain.26 In
addition, dexmedetomidine may decrease intra-operative
consumption of anesthetics and decrease sympathetic tone,
both of which are helpful for decreasing the risk of post-
operative nausea and vomiting (PONV).27

Recently, dexmedetomidine has also been increasingly used
as an adjunct regimen to anesthesia in ECT because of its
benefits including maintaining hemodynamic stability. In the
present study, it appeared that the effect of 0.2 mg/kg



480 X. Li et al. / Journal of the Chinese Medical Association 80 (2017) 476e481
dexmedetomidine on blunting acute hemodynamic response to
ECT was comparable to that of 0.5 or 1.0 ug/kg dexmedeto-
midine which was typically used in previous studies.6e9

In addition to the effective modifications on hyperdynamic
response evoked by ECT, small-dose dexmedetomidine did
not alter seizure duration or delay recovery after ECT. Seizure
duration is considered an indicator of ECT efficacy. A very
short seizure (�15s) may be associated with lack of treatment
efficacy.28 In the present study, the administration of 0.2 mg/kg
dexmedetomidine did not shorten seizure duration. Previous
studies have also demonstrated that the anticonvulsant effects
of intravenous anesthetics on seizure activity may be weak-
ened with reduced dosages.24,29

As ECT procedures are usually performed in an outpatient
setting, it is necessary to use anesthetic agents with rapid re-
covery profiles.30 Moreover, delayed recovery increases the
risks of difficult mask ventilation and airway obstruction, which
have been related to the mortality andmorbidity of anesthesia in
ECT.31 In the current study, the infusion of a reduced dose of
dexmedetomidine during ECT may minimize its sedative
properties and decrease the duration of action, which may ul-
timately be helpful in shortening recovery time, and further
reducing the risks associated with delayed recovery.

Post-ECT adverse effects such as agitation, headache and
nausea generally occur during or shortly after an ECT session,
limiting the use of ECT.32 It has been suggested that post-ECT
agitation occurs in up to 12% of ECT treatments and is
associated with patient safety.33 The serious and severe char-
acters of agitation such as disorientation, panic-like behaviors
and even combativeness place both the patient and medical
staff at risk of injury.34 The current study found that a small
dose of dexmedetomidine effectively alleviated post-ECT
agitation, similar to doses of 0.5 or 1.0 mg/kg dexmedetomi-
dine on post-ECT agitation in previous studies.6,7 Furthermore,
headache is also common post ECT, occurring in 26%e85%
of patients.35 It has been suggested that post-ECT headache
may be associated with elevated cerebral blood flow and blood
pressure after electroshock.36 Here, the administration of
0.2 mg/kg dexmedetomidine significantly reduced the inci-
dence rate of post-ECT headache, due in part to reduced ef-
fects of the acute hyperdynamic response to ECT.

The current study used a dexmedetomidine infusion duration
of 5 min, which is in accordance with infusion durations re-
ported in previous studies.12 It is possible that a more rapid
infusion of dexmedetomidine may increase the risk of severe
sinus bradycardia during anesthetic induction. In the current
study, the intravenous injection of atropine prior to dexmede-
tomidine administration may lead to a more rapid return to
baseline HR levels. No significant differences in the occurrence
of bradycardia or hypotension were found between the Dex and
Control groups. In addition, there were no episodes of brady-
cardia (HR < 45 bpm) or hypotension (SAP < 80 mmHg)
requiring medication during the study, indicating that the infu-
sion duration was effective and safe.

While the present study reported valuable results on the use
of low-dose dexmedetomidine in ECT, there were some limi-
tations. First, the studywas performed as a single-center clinical
trial. The results need further confirmation through multi-center
studies with large sample sizes. Second, the specific diagnoses
of patients were not taken into consideration in this study. Future
studies should use a randomized controlled design to investigate
the efficiency of low-dose dexmedetomidine for patients with
specific psychiatric illnesses.

In conclusion, the current study provides new insights into
the clinical use of low-dose dexmedetomidine in ECT.
Administration of 0.2 mg/kg dexmedetomidine leads to a sig-
nificant reduction in MAP, HR and peak HR responses to ECT
without altering seizure duration or delaying recovery. In
addition, low-dose dexmedetomidine effectively reduced the
incidence rates of post-ECT agitation and headache.
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