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Abstract: Background: The ultra-short onset time of remifentanil has many advantages during induction of anesthe-
sia. However, it can also induce difficult mask ventilation due to chest wall rigidity. This study evaluated the effect of
dexmedetomidine infusion on remifentanil-induced difficult mask ventilation. Methods: Sixty patients, aged 18-65
years (ASA class |, Il), were enrolled and provided informed consent. Prior to propofol injection, each patient received
an infusion of 1 ug/kg dexmedetomidine or saline (control group) for 10 min. The baseline difficulty of mask ventila-
tion was evaluated after intravenous injection of propofol (2 mg/kg). Two minutes after propofol injection, patients
received a bolus dose of remifentanil (1 pg/kg) and mask ventilation difficulty was reassessed. Difficulty of mask
ventilation was evaluated using a modified scoring system and vital signs were recorded throughout the study pe-
riod. Results: The incidence of difficult mask ventilation was significantly lower in the dexmedetomidine than in the
control group (36.7% vs. 70.0%, p-value = 0.02). Vital signs were more stable in the dexmedetomidine than in the
control group during the study period. Conclusion: Dexmedetomidine (1 pg/kg) infusion can significantly reduce the
incidence of difficult mask ventilation induced by a bolus dose of remifentanil (1 pg/kg).

Keywords: Dexmedetomidine, remifentanil, muscle rigidity/chemically induced, muscle rigidity/prevention & con-
trol, opioid/adverse effects

Introduction synthetic opioids, including chest wall rigidity
(CWR), which has been reported in 5-8% [4] to
100% [5, 6] of patients. CWR during induction
of anesthesia can cause difficult mask ventila-
tion, increase central venous pressure, induce
acid-base disturbances [7], increase intra-ab-
dominal pressure during laparoscopy [8], and

may even cause hypoxemia [9].

Dexmedetomidine (DEX), an a2 adrenergic ago-
nist, has anesthetic sparing, analgesic, anxio-
lytic and sympatholytic effects [1]. Recently,
DEX has been used as an adjuvant agent due
to its anesthetic/opioid sparing effect. Small
intravenous doses of DEX (1 pg/kg or 0.5 ug/
kg) have been reported to reduce the incidence
of hypotension during induction and to blunt
cardiovascular responses during endotracheal
intubation.

Few studies have assessed the ability of pre-
treatment with neuromuscular blocking agents
[10] or benzodiazepines [11] to reduce opioid
induced CWR. DEX has also been reported to
reduce opioid induced rigidity in rats [12]. To
date, however, no clinical study has assessed
the effects of DEX on REMI induced CWR. This
prospective, randomized, double blind study
was designed to evaluate the effects of DEX
pretreatment on REMI induced CWR during
induction of general anesthesia. We hypothe-

Remifentanil (REMI) is an ultra-short acting opi-
oid with a context sensitive half time of 3 min
regardless of infusion time [2]. Its T, k_, is 0.75
min, making the time for equilibration between
plasma and effect site extremely short [3].
REMI is widely used for balanced anesthesia

and can efficiently reduce the minimum alveo-
lar concentration of inhalation agents. Howev-
er, REMI shares the side effects of all other

sized that 1 ug/kg DEX could sufficiently atten-
uate CWR from a REMI bolus injection during
induction of anesthesia.
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Materials and methods
Patient population

This study included ASA class I/Il patients,
aged 18-65 years. Patients were excluded if
they had BMI > 30 kg/m?; any type of neuro-
muscular disorder; history of antidepressant
medication; pregnancy; known side effects to
opioids; alcohol dependency (> 3 times per
week); smoking history, craniotomy state; his-
tory of cardiac surgery, hypertension, or con-
gestive heart failure (left ventricular ejection
fraction < 50%); anticipated difficulty with air-
ways (e.g. Mallampati class 3/4, short neck,
mandible prognathism, previous upper airway
surgery, chromosomal abnormality, or rheuma-
toid arthritis); or hypersensitivity to DEX. This
study was approved by the hospital’s institu-
tional review board (2013-08-014), and all pa-
tients provided written informed consent.

The total number of patients was calculated
based on a previous study, in which 45% of
patients experienced CWR after a target con-
trolled infusion of REMI (effect site concentra-
tion 4 ng/ml) [13]. Assuming that DEX would
reduce 10% CWR incidence, and with an alpha
error of 0.05 and a beta error of 0.2, a sample
size of 30 patients per group was calculated.

Patients were randomized into a DEX and a
control group using random allocation soft-
ware. A randomization table was generated by
one researcher (Park), resulting in a label print-
ed with only the allocation number. The table
and label were given to the anesthesia nurse,
who prepared the experimental drug (DEX or
saline) according to the table and attached the
label to the syringe. The drug was infused into
the patient by another anesthesia nurse. A
second researcher (Noh), who was blinded to
drug allocation, assessed the CWR and diffi-
culty in mask ventilation. Data were collected
by a web-based electronic data capture system
(REDCap™).

All patients received anesthetic pretreatment
with midazolam 2 mg and glycopyrrolate 0.2
mg. Patient monitoring (ECG, pulse oximeter,
NBP) was started when the patient entered the
operating room. Vital signs were checked and
each patient received DEX 1 ug/kg (as a 4 pg/
ml solution) or an identical volume of normal
saline via a syringe pump for 10 minutes. Vital
signs were assessed after 10 min infusion peri-
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od, followed by administration of a bolus dose
of REMI (1 pg/kg, as a 50 pg/ml solution).
Patients were asked about any discomfort 1
min later, vital signs were assessed, and propo-
fol 2 mg/kg was administered 2 min later. Mask
ventilation was evaluated before injecting ro-
curonium 0.7 mg/kg 2 min later. Endotracheal
intubation was performed 2 min after rocuroni-
um injection and vital signs were recorded.

The rigidity or difficulty of mask ventilation has
categorized into 4 grades [14, 15]. This scale
has been modified, with category 1 defined as
no difficulty of mask ventilation and normal
ETCO, waveform; category 2 as slight difficulty
of mask ventilation, but normal ETCO, wave-
form; category 3 as difficult mask ventilation
and abnormal ETCO, waveform; and category 4
as unable to perform mask ventilation and no
detectable ETCO2 waveform.

Rescue protocol

If mask ventilation was impossible (category 4),
rocuronium (1.2 mg/kg) was administered, fol-
lowed immediately by endotracheal intubation.

Significant vital sign changes during medical
treatment were defined as a 40 beat/min re-
duction in HR (bradycardia) and a 50 mmHg
reduction in MBP (hypotension). Patients with
bradycardia were injected with atropine 0.5
mg, and patients with hypotension received
repeated injections of phenylephrine 50 ug
until MBP increased 50 mmHg.

Data management

Study data were collected and managed using
REDCap electronic data capture tools at the
Department of Anesthesiology and Pain Me-
dicine Laboratory of Chungnam National Uni-
versity Hospital [16]. REDCap (Research Elec-
tronic Data Capture) is a secure, web-based
application designed to support data capture
for research studies, providing 1) an intuitive
interface for validated data entry; 2) audit trails
for tracking data manipulation and export pro-
cedures; 3) automated export procedures for
seamless data downloads to common statisti-
cal packages; and 4) procedures for importing
data from external sources.

Statistical methods

Normality was tested with the Shapiro-Wilk test
and homoscedasticity with Bartlett’s test for
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Table 1. Demographic data

Control (n =30) DEX (n=30) P

Age, yr 40.7+124 4091145 0.954
Height, cm 162.7£8.7 1625+9.2 0.943
Weight, kg 60.2 + 10.3 56.5+73 0.117
BMI, kg/m? 22.7+3.0 21.5+26 0.083
Sex (M/F) 12/18 12/18 1

Values are shown as mean + SD or number of patients.
There were no significant differences between the groups.
DEX: dexmedetomidine group.

Table 2. Frequency (percentage) of patients
in the control and dexmedetomidine groups
according to modified category

Control DEX P
Category 0.056
1 9 (30.0%) 19 (63.3%)
2 9 (30.0%) 4 (13.3%)
3 8 (26.7%) 6 (20.0%)
4 4 (13.3%) 1 (3.3%)

Values are given as numbers of patients (%). DEX: dex-
medetomidine group.

Table 3. Frequency (percentage) of rigidity

Control DEX P
Rigidity 0.019
No 9 (30.0%) 19 (63.3%)
Yes 21 (70.0%) 11 (36.7%)

Values are given as numbers of patients (%). DEX: dex-
medetomidine group.

continuous variables. Data were compared by
independent t-tests when all statistical condi-
tions were met. Welch’s test was used only
when normality was verified and the Kruskal-
Wallis when both conditions were not met. The
incidence of rigidity was compared using the
chi-square test or Fisher's exact test, and the
significance of hemodynamic changes was veri-
fied using a mixed effects model. To compare
both groups at multiple points and changes
between periods, periodical data were obtained
and analyzed separately. The D interval was
defined as the interval from baseline to imme-
diately before propofol injection, the P interval
as the interval from immediately before propo-
fol injection to immediately before endotrache-
al intubation, and the T interval as the interval
from immediately before endotracheal intuba-
tion before to 2 min after endotracheal intuba-
tion. Maximum likelihood was used as the
parameter estimation method using the R sta-

3630

tistical package (3.1.0). The Ime4 package was
used for mixed effect modeling, and signifi-
cance was tested with the ImerTest package.

Results

The study enrolled 60 patients, 30 in each
group. Demographic data and categorical dis-
tribution were similar in the two groups (Tables
1, 2). The incidence of CWR was significantly
higher in the control than in the DEX group
(70% [21/30] vs. 36.7% [11/30], P = 0.02)
(Table 3). CWR was 33.3% (95% CI 6.2% to
60.4%) lower in the DEX than in the control

group.

There were no significant changes in MBP dur-
ing the D interval (P = 0.104) or between the
two groups (P = 0.170). Although there were no
differences in heart rate in the control group (P
= 0.32), heart rate decreased significantly from
baseline in the DEX group during the D interval
(P =0.000) and was significantly lower than the
change observed in the control group during
this interval (P = 0.000) (Figures 1, 2).

Both the DEX (P = 0.000) and control (P =
0.000) groups showed significant reductions in
MBP during the P interval, although the de-
crease was significantly lower in the DEX group
(P = 0.019). Heart rate decreased significantly
in the control (P = 0.022) but not the DEX (P =
0.6) group during the P interval, with the rate of
reduction also differing significantly in the two
groups (P = 0.047) (Figures 1, 2).

During the T interval, MBP increased signifi-
cantly in both the control (P = 0.000) and DEX
(P = 0.000) groups, although the increase was
significantly lower in the DEX group (P = 0.015).
Pulse was also significantly increased in both
the control (P = 0.000) and DEX (P = 0.000)
groups, with the increase significantly lower in
the DEX group (P = 0.038) (Figures 1, 2).

Although no patient experienced severe hypo-
tension (MBP < 50 mmHg), two patients devel-
oped bradycardia (< 40 beats/min). Bradycardia
in both patients was relieved by a single bolus
dose of atropine 0.5 mg after endotracheal
intubation.

Discussion

These results showed that pretreatment with
DEX 1 ug/kg could reduce the incidence of
REMI-induced rigidity, as well as significantly
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Figure 1. MBP at specific time points in the control and dexmedetomidine groups. Time point O: baseline (before
dexmedetomidine infusion); time point 1:10 minutes after dexmedetomidine infusion; time point 2:2 minutes after
remifentanil bolus injection; time point 3:2 minutes after propofol injection; time point 4: time of endotracheal intu-
bation. Values are presented in mean % standard error of mean. *P < 0.05, P < 0.01 compared with baseline or
previous value; 1P < 0.05, §P < 0.01 compared with the control group.

reducing the incidence of difficult mask ventila-
tion after REMI injection. Similarly, DEX pre-
treatment was found to efficiently reduce alfen-
tanil induced muscle rigidity in rats [12, 17].
Other studies also suggested a relationship
between opioid induced rigidity and alpha2
adrenergic receptors (A2R) by showing that
central A2R antagonists (atipamezole, idazox-
an) intensified alfentanil-induced muscle rigidi-
ty [12, 18]. Yohimbine, another A2R antagonist,
also increased rigidity after fentanyl injection
[19]. The effect of DEX on muscle rigidity has
been shown to be dose dependent [17]. Unlike
DEX, a central acting A2R agonist, peripheral
A2R agonists do not reduce the incidence of
muscle rigidity [12].

Specific brain regions and various neurotrans-
mitters have been shown to be involved in opi-
oid induced rigidity. Brain mapping and phar-
macological studies have found that the pon-
tine raphe nucleus is the most important region
for rigidity [20-22]. Denervation of coerulospi-
nal tract (CST) neurons, or intravenous or intra-
thecal injection of the alpha 1 blocker prazosin,
has been shown to reduce rigidity, linking nor-
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epinephrine with rigidity [23-25]. Glutamate
[26, 27], serotonin [28] and dopamine [29]
have been reported to be involved in coerulo-
spinal neurotransmission. Unlike mu opioid re-
ceptors, which mediate muscle rigidity, activa-
tion of the kappal and deltal opioid receptors
has been shown to attenuate rigidity [30].

Although clinical studies have reported conflict-
ing results, other agents, such as heuromuscu-
lar blocking agents, benzodiazepine, and nalox-
one, have also been shown to prevent muscle
rigidity. Although pretreatment with pancuroni-
um but not diazepam (0.15 mg/kg) was report-
ed to reduce the severity and incidence of fen-
tanyl (30 ug/kg) induced rigidity [14], another
study reported that pretreatment with diaze-
pam (5 mg) or midazolam (2.5 mg) but not atra-
curium (40 ug/kg) efficiently attenuated opioid
induced rigidity [11]. In a more recent study,
priming with rocuronium or vecuronium reduced
the incidence of rigidity [10].

The mechanism behind muscle rigidity and dif-

ficult mask ventilation remains unclear. A stu-
dy using EMG found that alfentanil increased
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Figure 2. Pulse rates at specific time points in the dexmedetomidine and control groups. Time point O: baseline (be-
fore dexmedetomidine infusion); time point 1:10 minutes after dexmedetomidine infusion; time point 2:2 minutes
after remifentanil bolus injection; time point 3:2 minutes after propofol injection; time point 4: time of endotracheal
intubation. Values are presented in mean + standard error of mean. *P < 0.05, £P < 0.01 compared with baseline
or previous value, TP < 0.05, §P < 0.01 compared with the control group.

intercostal/rectus abdominis muscle tone. In
cases of severe rigidity, cervical movement was
shown to be nearly impossible [7]. Closure of
glottic and supraglottic tissues was observed
after sufentanil injection via fiberoptic bron-
choscopy [31]. Another study using fiberoptic
bronchoscopy in patients with fentanyl induced
difficult mask ventilation reported the occur-
rence of truncal rigidity and/or glottic closure
[32].

Opioid induced CWR has been shown to be
related to the infusion rate of the drug. Although
a 5 min infusion of REMI 0.2~0.25 ug/kg/min
did not induce CWR [33], 45% of patients devel-
oped CWR after a TCI infusion of effect site con-
centration 4 ng/ml [13].

DEX prevents hypotension during induction of
general anesthesia by activating A2Rs in resis-
tant vessels [34]. Patients in the present study
also showed more stable blood pressure after
DEX infusion. DEX has also been found to
reduce pulse rate due to sympatholysis and
baroreflex from vasoconstriction [34, 35]. The
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combination of DEX plus REMI would therefore
further reduce pulse rate. However, severe bra-
dycardia (< 40 beats/min) was observed in only
two patients and the average pulse rate in the
DEX group was above 50/min.

This study had several limitations. Unlike stud-
ies using EMG or passive movement of the
extremities to objectively assess the level of
rigidity, this study evaluated only the difficulty
of mask ventilation. Another limitation was that
muscle rigidity was evaluated after a bolus
injection of REMI, not after a target controlled
infusion.

In conclusion, pretreatment with DEX 1 pg/kg
can effectively reduce the incidence of difficult
mask ventilation after a bolus injection of REMI
(1 pg/kg).
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