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ABSTRACT

Background and objectives: Dexmedetomidine is a
highly selective a2 agonist with anesthetic, analgesic and
sympatholytic properties. Its neuromuscular effects in
humans are unknown. This study evaluates the effect of
dexmedetomidine on neuromuscular block and hemody-
namics during thiopental/isoflurane anesthesia for patients
with complex abdominal or pelvic surgery.

Patients and methods: During thiopental/isoflurane
anesthesia, the rocuronium infusion rate was adjusted in
20 complex surgery patients to maintain a stable first
response (T1) in the train of four sequence of 50% + 3 of
the pre-rocuronium value. Dexmedetomidine was then
administered by infusion pump, targeting a plasma dexme-
detomidine concentration of 0.6 ng/dL for 45 min. The
evoked mechanical responses of the adductor pollicis
responses (T1 response and T4/T1 ratio), systolic blood
pressure, diastolic blood pressure and heart rate (HR)
were measured during the dexmedetomidine infusion using
repeated measures analysis of variance. Plasma levels
ranged from 0.73 to 1.38 ng/mL.

Results: T1 values decreased during the infusion from
5542 to 3819 (p < 0.05). T4/T1 values did not change
during the infusion. Dexmedetomidine increased SBP (p
< 0.001) and decreased HR (p < 0.05) (10 min median
values) during the infusion compared with values before
the infusion. This study demonstrated that dexmedetomi-
dine decreased T1, increased SBP and decreased HR
during thiopental/isoflurane anesthesia.

Conclusion: We conclude that dexmedetomidine
induced direct vasoconstriction may ater pharmacokinetics
of rocuronium, therefore increasing plasma rocuronium
concentration. Although these effects were statistically
significant, further studies should be held for understanding
and characterizing the peripheral vasoconstrictive effects
of a2 agonists that allow better management and determi-
nation of drug dosing regimens.
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INTRODUCTION

Dexmedetomidine is a novel, highly selec-
tive a2 adrenoreceptor agonist that reduces the
requirements of anesthetic, analgesic and seda-
tive and hypnotic drugs.

Dexmedetomidine has arelatively high ratio
of a2/a1 activity (1620:1) as compared with
220:1 for clonidine [1] and therefore is consid-
ered a full agonist of the receptors. This may
result in more potent effects of sedation without
unwanted cardiovascular effects from a1 recep-
tor activation. The 2h half life of dexmedetomi-
dineis nearly 4 folds shorter than clonidine [2],
which increases the likelihood, that a continuous
infusion of dexmedetomidine might be useful
for sedation.

Dexmedetomidine also has a minimum al-
veolar anesthetic concentration (MAC) sparing
properties, but its use as an anesthetic adjuvant
has been complicated by persistent hypotension
that has mandated 1V fluid administration and
vasopressor administration [4,5]. I[tsusein large
doses is complicated by hypertension from
receptor mediated vascular constriction [6].

Dexmedetomidine (DMED), an imidazole
derivative, is a selective and full a2 adrenore-
ceptor agonist possessing sedative properties
[7,8,9] that may have different clinical properties
than clonidine for the following reasons:

1- DMED is seven times more selective than
clonidine for the alpha adrenergic receptor
[10,11].

2- DMED isafull agonist at the a2 adrenergic
receptor, whereas clonidine is only a partial
agonist [12] and
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3- The maximum reduction in inhalational an-
esthetic requirement to maintain 1 MAC
provided by clonidine is 50% [7], whereas
DMED has been shown to result in approx-
imately a 90% reduction [8,9].

These differencesin DMED’s pharmacologic
characteristics may lead to therapeutically ben-
eficial properties. The known cardiovascular
properties of these compounds include a bipha-
sic response (pressor followed by depressor
when these compounds are administered V)
[13].

PATIENTSAND METHODS

The local research ethics committee of the
National Cancer Institute approved the study
and written consent was obtained from all pa-
tients. The study was carried out in NCI. We
studied 20 adult patients undergoing complex
major abdominal or pelvic surgery with the
different demographic characteristics (Table 1).

Table (1): Patients and operative characteristics.

. Operation
Sex Age Operation time

1 Female 40 Radical hysterectomy 3h
2 Female 45 Radical cystectomy 4h
3 Mae 44 Hypernephroma resection 3h
4 Mae 46 Subtotal gastrectomy 4h
5 Mae 36 Ltheminephrectomy 5h
6 Mae 41 Excision of abdominal 4h

sarcoma
7 Made 45 Radical cystectomy 3h
8 Mae 46 Abdominoperineal

resection of rectum
9 Female 40 Ovariectomy 3h
10 Female 46 Whipple procedure 6h
11 Male 44 Colectomy/partial 5h

pancreatectomy

(leilomyosarcoma)
12 Male 40 Total gastrectomy 4h
13 Male 35 Oesophagogastrectomy 6h
14 Female 45 Salpingo-oophorectomy, 6h

removal of ovarian tumors

and loop ileostomy
15 Female 46 Radical hepatectomy 3h
16 Male 41 Hemihepatectomy 7h
17 Male 43 Extended whipple procedure  7.5h
18 Female 31 Removal of ovarian tumor 3.5h
19 Female 30 Excision of abdominal 5h

|leiomyosarcoma
20 Female 41 Rt lobe hepatectomy 4.5h
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Patients who had a history of cardiac, pul-
monary, hepatic, renal, vascular or neuromus-
cular disorders were excluded. Those with a
history of small joint arthritis, chronic smokers,
taking prescription medication, drug abuse, >
46 years of age, or with a body weight < 130%
of normal, allergy to any trial drugs, pregnancy,
were also excluded. Patients fasted for 8 hours
before arriving at the operating room and rested
supine on the morning of the operation. A cath-
eter was inserted into a hand vein for study
during drug administration and blood samples
were collected. All patients were premedicated
with oral diazepam (10-15 mg) given approxi-
mately 90 minutes before surgery. In the oper-
ating room, lactated Ringer’s solution with 5%
dextrose was administered at a rate of 4-6
mi/kg/h via peripheral arm vein. The ECG was
monitored continuously. Patients breathed 100%
oxygen while anesthesia was induced with mi-
dazolam 2-3 mg, fentanyl 2 pg/kg and thiopen-
tone 5-7 mg/kg.

After tracheal intubation, anesthesia was
maintained with 70% nitrous oxide in oxygen.
Thiswas followed by the addition of isoflurane
0.5-1% end tidal concentration to the anesthetic
mixture.

A radial artery cannulawas placed to permit
measurement of arterial blood pressure. Venti-
lation was adjusted to maintain end tidal CO,
between 35 and 40 mm Hg. Nasopharyngeal
temperature was monitored and maintained at
alevel of 36-37, C by warm blankets and heated
IV fluids. Skin temperature over the thenar
eminence and the forehand was also monitored
and maintained at a level of 32-33, C.

Concentrations of isoflurane, No>O, CO, and
O, saturation were determined by a multiple
gas analyzer (Capnomac Ultima-SVI, Datex
Corporation, Helsinki, Finland).

Supra maximal stimuli (duration 0.2 ms) in
a train-of-four (TOF) sequence were applied
every 12 sviasurface electrodes (Digistim 11,
neurotechnology Inc, Houston, TX) to the ulnar
nerve at the right wrist. The resulting evoked
mechanical responses of the adductor pollicis
were carried out using a TOF guard neuromus-
cular monitor (Biometer International Odense,
Denmark). All graphical and numerical data
were recorded on a memory card and subse-
guently a computer print out was obtained using
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TOF Guard Reader Software (Biometer Inter-
national, Odense, Denmark). (T1 response and
T4/T1 ratio) were digitalized, displayed and
recorded on a Macintosh Computer.

Approximately 20 min after the induction
of anesthesia, once the blood pressure and HR
varied < 5% over a 5-min period, the twitch
tension was measured and the value of the T1
response was taken as 100%. Rocuronium was
then administered as a bolus (200 ug/kg), fol-
lowed by an infusion (200 pg/kg/hr). The rocu-
ronium administered was adjusted to target a
stable T1 response within the range of 50% =+
5% of the pre-rocuronium value by administer-
ing additional rocuronium bolus doses and by
changing the infusion rate. When the T1 re-
sponse was stable (< 2% variation) and within
the range of 47%-53% and the rocuronium
infusion rate had been constant for at least 10
min, the dexmedetomidine infusion was begun.

Patients received an |.V. infusion of dexme-
detomidine starting 5510 min after the begin-
ning of the rocuronium administration and
continuing for 45 min. Targeting plasma dexme-
detomidine concentrations of 0.6 ng/ml, dexme-
detomidine (4 ug/ml) was administered using
infusion pump (MORING) arterial blood pres-
sure (systolic, diastolic and mean) and HR were
measured non invasively from 5 min before
induction of anesthesia until the introduction
of arterial cannula. Thereafter, arterial blood
pressure was measured continuously via the
radial artery cannula, which was connected to
aTranspac |11 transducer (Abbott Laboratories,
North Chicago, IL). Hemoglobin oxygen satu-
ration SPO, was measured non invasively using
a pulse oximeter (prop 106; protocol systems,
Beaverto, OR) with the probe placed on a distal
phalanx.

The hemodynamic and SPO, data were re-
corded at 10 sintervals using an automated data
acquisition system.

Arterial blood samples for determination of
plasma dexmedetomidine and plasma rocuroni-
um concentrations were collected just before
the start of the rocuronium and dexmedetomi-
dine infusions and 15, 30 and 45 mins after the
start of the dexmedetomidine infusion. The
plasma clearance (CL) of rocuronium at the
beginning and end of the dexmedetomidine
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infusion was calculated by dividing the plasma
concentration.

Dexmedetomidine concentrations were as-
sayed by using gas chromatography and mass
spectrometry. All drugs and fluids administered
were recorded.

The effect of dexmedetomidine on blood
pressure, HR, T1, T4/T1, blood volume was
determined by using repeated measures, anaysis
of variance followed by Turkey’s Multiple Com-
parison test. Data are reported as the means +
SD. p < 0.05 identified statistical significance.

RESULTS

The average dose of dexmedetomidine ad-
ministered was 0.98+0.01 pg/kg (range 0.95-
0.99 ug/kg). Plasma dexmedetomidine concen-
trations exceeded the target concentration of
0.6 ng/ml in all patients at all measured time
points (Table 2). The T1 and T4/T1 values
during Dexmedetomidine infusion areillustrated
in Fig. (1). Inspection of the results showed
that T1 values decreased over time (p < 0.05),
becoming significantly lower than pre-
Dexmedetomidine val ues.

30 min after the beginning of infusion T4/T1
values did not change during the Dexmedeto-
midine infusion.

There was a mean decrease in twitch tension
after 45 min of the dexmedetomidine infusion.
Dexmedetomidine increased SBP (p < 0.001)
(Fig. 3) and decreased HR (p < 0.05) at all time
points during the infusion (Fig. 4). Relative
values for T1 (top panel) and T4/T1 (bottom
panel) are shown during dexmedetomidine in-
fusion while subjects were receiving a steady
state of rocuronium infusion.

To control values before the infusion (Table
2). SBPincreased from baseline to a maximum
of 125+/-8.5 min after the beginning of the
dexmedetomidine infusion. HR decreased from
70+/-11 bpm to a minimum of 60+/-5 min after
the beginning of the dexmedetomidine infusion.

Percent change from the baseline for systolic
blood pressure (top panel and heart rate (lower
panel) 5 min before and 10 min after the begin-
ning of the dexmedetomidine infusion, for all
two variables were significantly different p <
0.05 from the pre dexmedetomidine val ues.
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Table (2): Hemodynamic plasma dexmedetomidine data.

Time from beginning of dexmedetomidine infusion (min)

A B

Awake Baseline C5 D 10 E 15 F 20 G 25 H 30 I 35 J40 K 45

SBP  (110-150) (96-120) (113-150) (105-135) (102-134) (102-137) (102-138) (102-139) (101-140) (100-139) (100-139)
13049  98+9  125¢8  122¢5  119#6  117+7  117+7 11848 119+8  119+9 11949

HR  (50-90) (45-80) (36-70) (38-75) (39-76) (40-78) (40-80)  (40-78)  (41-78) (41-78)  (43-80)

75¢13°  70+11°  60:10  59+8 57+8 58+8 599 609 608 607 607
DBP  (60-90) (48-70) (62-86) (58-87) (57-87) (57-86) (57-86) (57-86)  (57-87) (57-87)  (57-87)
7010 52+7 668 64+9 64+10 649 64+9 64+9 64+9 64+9 64+9
Dex (0.9-1.38) (0.81-1.36) (0.73-1.22)
(ng/ml) 1.05:0.15 0.99£0.15 0.96:0.14

SBP: Systolic blood pressure.
DBP: Diastolic blood pressure.
HR : Heart rate.

Values are mean + SD (range).

Table (3): Neuromuscular data range (mean + SD).

Time from beginning of dexmedetomidine infusion (min)

B (Baseline) 5 10 15 20 25 30 35 40 45
T1 (%) (46-58) (41-57)  (43-59) (41-59)  (41-59) (40-59)  (38-59) (36-58)  (34-57)  (33-56)
552 4514 4545 4245 4246 4246 417 40£7 398 389
T4/Tlratio  (15+8) 1848 20£11 1845 18+9 15¢5 14+12 189 156 18+9
(13-18) (16-26)  (12-30)  (12-26)  (11-23) (10-20)  (8-24)  (11-22)  (9-21) (11-25)

T1 = First response in the train of four sequence.
T4 = Fourth response in the train of four sequence.
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Fig. (1): (Top panel). Values for T1 are shown during Fig. (2): (Bottom panel). Values for (T4/T1%) are shown
dexmedetomidine infusion while patients were during dexmedetomidine infusion while patients
receiving a steady rate rocuronium infusion. were receiving a steady state rocuronium infu-
Data are mean p < 0.05 versus pre dexmedeto- sion. Data are mean p > 0.05 versus predexme-

midine values. detomidine values.
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Fig. (3): (Top panel). Systolic blood pressure 5 min before
and 45 min after the beginning of the dexmedeto-
midine infusion. All data points after the begin-
ning of the dexmedetomidine infusion were sig-
nificantly different (p < 0.001) from the pre-
dexmedetomidine values.

DISCUSSION

02 agonists decrease blood pressure by cen-
trally mediated sympathetic effects and by de-
creasing norepinephrine rel ease via peripheral
pre-synaptic a2 agonist stimulation [14]. In
addition, a2 agonists induce peripheral vaso-
constriction by directly activating vascular
smooth muscle a2 receptors [15,16]. The hemo-
dynamic effects of a agonists are therefore
thought to be a combination of their central
sympatholytic and peripheral vasoconstrictive
effects.

The present study report that dexmedetomi-
dine (at the same dose found to increase blood
pressure and HR) has a sustained peripheral
vasoconstrictive effect in patients anesthetized
with thiopental and fentanyl. Previous clinical
studies have shown that a2 agonists decrease
blood pressure and HR in healthy volunteers
and patients during inhaled anesthesia [5,17].
Anincrease in blood pressure with a concomi-
tant decrease in HR and cardiac output has been
reported when a large 1V dexmedetomidine
dose is administered rapidly, resulting in high
plasma dexmedetomidine concentrations [6].
Thisincrease in blood pressure starts immedi-
ately after dexmedetomidine administration but
lasts only a few minutes.

Our study demonstrates that dexmedetomi-
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Fig. (4): (Bottom panel). Heart rate 5 min before and 45
min after the beginning of dexmedetomidine
infusion were significantly different (p < 0.005)
from the predexmedetomidine val ues.

dine has a persisting vasoconstrictive effect in
clinically feasible doses. In the present study,
increase in systemic blood pressure started
within 30-90 s of the administration of dexme-
detomidine. This suggest a direct effect (vaso-
constriction) of dexmedetomidine on vascular
smooth muscle a2 receptors. That the increase
in blood pressure was sustained throughout the
dexmedetomidine infusion, whereas plasma
dexmedetomidine concentrations remained sta-
ble, implies that vasoconstriction was not due
to a transient increase in dexmedetomidine
plasma levels, but to a sustained direct effect
on the vascular smooth muscle cells. This hy-
pothesis is further supported in another study,
which consisted of a computer controlled infu-
sion pump driven by the latest dexmedetomidine
pharmacokinetic data, theoretically providing
stable dexmedetomidine plasma concentrations
[18].

The time course of the rapid decrease (3-4
min) in HR we observed during the dexmedeto-
midine infusion is consistent with reflex brady-
cardiain response to increase in blood pressure
in HR typically observed over 30-45 min sec-
ondary to the central sympathetic effect with
similar dexmedetomidine dosing [19].

This study is limited by the use of asingle
dexmedetomidine dose. Therefore, we cannot
comment on the potential neuromuscular and
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vasoconstrictive effects of dexmedetomidine at
smaller doses. We studied the effect of dexme-
detomidine on rocuronium induced neuromus-
cular relaxation.

The technique of measuring finger blood
volume and changes in blood volume is subject
to itslimitations. Any changing pressure at the
sensor site by touching or resting the finger tip
on a surface changes the blood volume and
transmitted light path. There are two new find-
ings in our study of the neuromuscular effects
of dexmedetomidine.

First, after the administration of dexmedeto-
midine in a clinically relevant dose, T1 de-
creased.

Second, during the dexmedetomidine infu-
sion, there was a sustained increase in systemic
blood pressure, which suggests a persistent
dexmedetomidine induced peripheral vasocon-
striction. This finding is supported by the sus-
tained decrease in finger blood volume during
dexmedetomidine infusion. We administered
dexmedetomidine for 45 min to atarget plasma
concentration of 0.6 ng/ml this concentration
is effective in decreasing post operative hypoten-
sion and tachycardia and is the highest dexme-
detomidine concentration presently used in
perioperative clinical trails. We considered the
45 mininfusion long enough to observe potential
centrally mediated effects because these effects
are maximal 30-45 min from the time of admin-
istration [8]. The direct peripherally mediated
vascular effect (vasoconstriction) occurs imme-
diately after administration [6].

In a study of perioperative clonidine [11],
the oral administration of 5 ug/kg clonidine had
no effect on the onset or duration of vecuronium-
induced neuromuscular relaxation. The authors
concluded that clondine did not interact with
neuromuscular relaxation. In contrast, we found
that T1 decreased during a dexmedetomidine
infusion. The decrease in twitch tension during
the dexmedetomidine infusion was probably
due to increased plasma concentration of rocu-
ronium. We believe that the change in twitch
tension was the result of the increased rocuro-
nium concentration [18]. The reason for the
increase in plasma rocuronium concentration
in the presence of dexmedetomidine isnot clear.
Dexmedetomidine may have altered the biodis-
position of rocuronium. The clearance of rocu-
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ronium decreased by 6% over the course of
dexmedetomidine infusion, which suggest that
dexmedetomidine influnces the pharmacokinet-
ics of rocuronium [18].

Dexmedetomidine decreases both renal and
hepatic blood flow [20] and decreases thiopental
distribution volume and distribution CLs [21].
Thus, pharmacokinetic mechanisms may, in
part explain the increase in plasma rocuronium
concentration. Neuromuscular block was main-
tained at 50% before the administration of
dexmedetomidine because this level of block
is on the steepest part of the concentration-
activity curve. Thus, changes in the concentra-
tion of rocuronium or sensitivity of the neuro-
muscular junction have most effect on twitch
tension.

We used rocuronium for two reasons. First,
its principal metabolite does not reach a phar-
macologically active concentration, which may
have caused difficulty in obtaining a stable level
of block [22]. Second, it is eliminated by both
renal and hepatic mechanisms which suggest
that CL may be affected by dexmedetomidine-
related changes in perfusion of these organs
[23]. Although statistically significant, the de-
crease in T1 during dexmedetomidine infusion
isnot clinically significant. A rocuronium con-
centration change of a similar magnitude at
90% neuromuscular block would increase the
block by < 3% [24]. At doses that induce periph-
eral vasoconstriction, dexmedetomidine may
influence its own pharmacokinetics and that of
other drugs. Whether this has implications for
dosing of medications and is dependant on
individual patient differences, baseline sympa-
thetic tone and responsiveness of peripheral o2
receptors will be studied in the future. Under-
standing and characterizing the peripheral vas-
oconstrictive effects of a2 agonists will allow
better management and determination of drug
dosing regimens to avoid harmful hypertensive
episodes.
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