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Dexmedetomidine as an Anesthetic Adjunct in
Coronary Avtery Bypass Grafting

Jouko Jalonen, M.D.,” Markku Hynynen, M.D.,t Anne Kuitunen, M. D., Hannu Heikkila, M.D.,§
Juha Perttila, M.D.,* Markku Salmenperd, M.D.,T Mika Valtonen, M.D.,§ Riku Aantaa, M.D.,||

Antero Kallio, M.D.#, and Participating Investigators**

Background: a,-Adrenergic agonists decrease sympathetic
tone with ensuing attenuation of neuroendocrine and hemo-
dynamic responses to anesthesia and surgery. The effects of
dexmedetomidine, a highly specific a,-adrenergic agonist, on
these responses have not been reported in patients undergo-
ing coronary artery bypass grafting.

Methods: Eighty patients scheduled for elective coronary
artery bypass grafting received, in a double-blind manner, ei-
ther a saline placebo or a dexmedetomidine infusion, initially
50 ng-kg '-min ' for 30 min before induction of anesthesia
with fentanyl, and then 7 ng-kg '-min ' until the end of sur-
gery. Filling pressures, blood pressure, and heart rate were
controlled by intravenous fluid and by supplemental anesthe-
tics and vasoactive drugs.

Results: Compared with placebo, dexmedetomidine de-
creased plasma norepinephrine concentrations by 90%, atten-
uated the increase of blood pressure during anesthesia (3 vs.
24 mmHg) and surgery (2 vs. 14 mmHg), but increased slightly
the need for intravenous fluid challenge (29 vs. 20 patients)
and induced more hypotension during cardiopulmonary by-
pass (9 vs. 0 patients). Dexmedetomidine decreased the inci-
dence of intraoperative (2 vs. 13 patients) and postoperative
(5 vs. 16 patients) tachycardia. Dexmedetomidine also de-
creased the need for additional doses of fentanyl (3.1 vs. 5.4),
the increments of enflurane (4.4 vs. 5.6), the need for beta
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blockers (3 vs. 11 patients), and the incidence of fentanyl-
induced muscle rigidity (15 vs. 33 patients) and postoperative
shivering (13 vs. 23 patients).

Conclusions: Intraoperative intravenous infusion of dex-
medetomidine to patients undergoing coronary artery revas-
cularization decreased intraoperative sympathetic tone and
attenuated hyperdynamic responses to anesthesia and surgery
but increased the propensity toward hypotension. (Key words:
Sympathetic nervous system, a,-adrenergic agonists: dex-
medetomidine; catecholamines. Anesthesia: cardiac. Anesthe-
tics, intravenous: fentanyl. Anesthetics, volatile: enflurane.
Outcome, cardiac: perioperative myocardial ischemia. Sur-
gery, cardiac: coronary artery bypass grafting. Heart: blood
pressure; hypertension. Heart: heart rate.)

a,-ADRENERGIC agonists decrease sympathetic tone,
induce sedation, and decrease blood pressure and heart
rate (HR)."* Perioperative use of clonidine, the most
widely studied «,-adrenergic agonist, has been reported
to decrease the hemodynamic responses to noxious
stimulation and overall hemodynamic variability,’ ° the
need for anesthetics,””® postoperative oxygen con-
sumption,”'” and shivering.*'" In patients undergoing
coronary artery surgery and receiving clonidine as pre-
medication, the need for fentanyl or sufentanil de-
creased by 20-40% when the opiate was administered
according to hemodynamic™'*"* or electroencephalo-
graphic criteria,"" and increases in HR and mean arterial
blood pressure as a response to intubation and surgical
stimulation were attenuated by 5-10 bpm and up to
20 mmHg, respectively. The patients receiving placebo
had two- to fivefold increases in plasma epinephrine and
norepinephrine concentrations, compared with those
who received clonidine.”'*'*"> Clonidine has also been
reported to decrease the incidence and severity of peri-
operative myocardial ischemia in patients undergoing
coronary artery surgery,'>"? but others could not show
such an effect.'®

Dexmedetomidine is a more specific and selective
a, agonist and has a shorter duration of action than
clonidine."”"® It produces dose-dependent sedation
and analgesia.”'”*" These properties make it theoreti-
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cally a suitable agent for use as a part of an anesthetic
regimen. In patients having noncardiac surgery, peri-
operative administration of dexmedetomidine de-
creases the need for anesthetics” and induces sympa-
tholysis with ensuing hemodynamic and neuroendo-
crine stability.”*** The effects of dexmedetomidine
on perioperative hemodynamic responses to painful
stimulation, anesthetic requirements, and the inci-
dence of myocardial ischemia in patients undergoing
coronary artery bypass grafting (CABG) have not been
reported. The primary efficacy hypothesis of the pres-
ent study was that a continuous intravenous de-
xmedetomidine infusion given before and during op-
eration will decrease hemodynamic and endocrine (as
assessed by plasma catecholamine concentrations) re-
sponses to tracheal intubation and surgical stimula-
tion in patients undergoing elective CABG. As second-
ary efficacy variables, we were also interested in the

effects of dexmedetomidine on the occurrence of

perioperative myocardial ischemia, fentanyl-induced
muscle rigidity, requirements for anesthetics and
postoperative analgesics, and on postoperative shiv-
ering.

Materials and Methods

Study Design and Patients

All patients referred to the cardiac surgical centers
of Turku University Hospital and Helsinki University
Hospital for elective CABG between June 1992 and
March 1993 were candidates for the study. The inclu-
sion criteria were good left ventricular function, age
less than 70 yr, and weight not more than 100 kg. The
exclusion criteria were left main coronary artery steno-
sis greater than 50%, significant valvular dysfunction
(over I/IV), severe concurrent systemic disorders (eg,
insulin-dependent diabetes mellitus, insufficient liver or
kidney function, respiratory disorder, uncontrolled hy-
pertension), preoperative medication with clonidine or
alphamethyl-DOPA, strong susceptibility to allergic re-
actions, and uninterpretable results of preoperative
electrocardiogram (ECG; e.g., left bundle branch block).
The study was placebo controlled, double blind, and of
parallel-group design. Eighty patients were entered in
the study. The randomization (permuted blocks) into
dexmedetomidine (DEX, n = 40) and placebo (PLA, n
= 40) groups was balanced for each center. Written
informed consent was obtained from all patients and
the study protocol was approved by the ethics commit-
tees at each hospital.
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Premedication, Study Drug Infusion, and

Induction and Maintenance of Anesthesia

The patients received their regular antianginal med-
ication until surgery. Premedication consisted of sco-
polamine 5 pg/kg and morphine 0.16 mg/kg given
intramuscularly (Scopomorphin; Orion Pharmaceu-
tica, Turku, Finland). After insertion of a pulmonary
artery catheter and a radial arterial cannula and a 5-
min stabilization period, baseline systolic (SAP) and
diastolic (DAP) arterial blood pressure and HR were
recorded and baseline blood samples for determina-
tion of plasma concentrations of catecholamines (epi-
nephrine and norepinephrine) and dexmedetomidine
were drawn. The study drug infusion (dexmedetomi-
dine or saline placebo which were identical in appear-
ance) was then commenced. The infusion rate was
set to deliver 50 ng-kg '~ min ' of dexmedetomidine
for 30 min before anesthesia was induced and
ng-kg '-min ' thereafter until the end of surgery in
the DEX group.

Anesthesia was induced with 30 pg/kg fentanyl given
in 5 min. During fentanyl infusion, ventilation was as-
sisted manually with 100% oxygen. If clinically signifi-
cant, fentanyl-induced chest wall muscle rigidity (based
on the anesthesiologist’s subjective evaluation as “‘yes”
or “no”) developed, 0.1 mg/kg pancuronium was given
immediately. Otherwise pancuronium was adminis-
tered for muscle relaxation 1 min after completion of
the fentanyl infusion and after hemodynamic measure-
ments were taken (6 to 8 min after the start of anesthe-
sia induction). The patients were intubated when the
hemodynamic measurements were made and muscle
relaxation was complete.

After intubation, anesthesia was maintained with a
continuous infusion of fentanyl (0.15 pg-kg '-min ")
and with 0.1% end-tidal enflurane in oxygen and air
(40%-060% mixture). The infusion rate of fentanyl was
decreased to 0.075 pg-kg '-min ' from the beginning
of cardiopulmonary bypass (CPB) to the end of surgery.
During CPB, enflurane at 0.5% inspiratory concentration
was used. Muscle relaxation was maintained with 2-mg
increments of pancuronium. Supplementary anesthe-
tics and other drugs were administered stepwise ac-
cording to prespecified hemodynamic criteria, as
shown in detail in table 1. Any measure taken (an in-
crease or a decrease of enflurane concentration, supple-
mental fentanyl, diazepam, administration of a fluid
challenge, ephedrine, phenylephrine, dopamine, glyco-
pyrrolate, esmolol, or glyceryl trinitrate) while the he-
modynamic values were outside the predetermined lim-
its was considered an intervention. Ringer’s acetate so-
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Table 1. Hemodynamic Criteria and Stepwise Treatment of Deviations

Time Deviation/Treshold

Treatment

Before CPB Hypertension
SAP = 20% above BL or SAP

>150 mm Hg

Hypotension
SAP = 30% below BL and < 90
mmHg or SAP < 80 mmHg

Tachycardia (no hypertension)

HR > 90 bpm
Bradycardia

HR < 40 bpm
Hypertension

MAP > 80 mm Hg
Hypotension

MAP < 30 mm Hg
Hypertension

SAP > 130 mm Hg
Hypotension

SAP < 80 mm Hg or DAP-PCWP

< 40 mm Hg

During CPB

After CBP

Tachycardia (no hypertension)
HR > 90 bpm

Bradycardia
HR < 40 bpm

Fentanyl (10 pg/kg) and rate | by 0.05 pg-kg '+ min~"

—5 min interval before next step
+ GTN 50 pg/min allowed meanwhile
Repeat step 1 (5 min interval)
Repeat step 1 (5 min interval)
Enflurane | gradually ad 1.5% end-tidal
| or terminate enflurane
Ringer's acetate — CVP within 2 mmHg of BL
Ephedrine (2.5 mg), allowed two times meanwhile
Dopamine (5-15 pug-kg '-min~")
Esmolol in 0.5-mg/kg increments until effect

Glycopyrrolate in 0.2-mg increments

Enflurane | gradually add 1.5% end-tidal
Diazepam (5-mg increments) until effect
| or terminate enflurane
Phenylephrine in 0.2-mg increments until effect
Enflurane | gradually add 1.5% end-tidal
GTN infusion 0.5 ug-kg '-min~", I until effect
| or terminate enflurane
Ringer’s acetate — CVP within 2 mmHg of BL
Ephedrine 2.5 mg, allowed two times meanwhile
Dopamine 5-15 ug-kg ' -min~'
Esmolol in 0.5-mg/kg increments until effect

Glycopyrrolate in 0.2-mg increments

HR = heart rate; BL = baseline; bpm = beats/min; CPB = cardiopulmonary bypass; GTN = glycerol trinitrate; MAP = mean arterial pressure; SAP = systolic

arterial pressure; CVP = central venous pressure.

lution was infused at an approximate rate of 10
ml-kg '-h™'. The total amount of intravenous fluids
given was limited to 1,000 ml before CPB. The end-
tidal carbon dioxide and enflurane concentrations were
continuously monitored during operation (Capnomac;
Datex, Helsinki, Finland). Controlled mechanical venti-
lation was adjusted to maintain end-tidal carbon dioxide
between 34 and 45 mmHg (4.5-6.0 kPa).

Cardiopulmonary Bypass

A membrane oxygenator primed with 2,000 ml Ring-
er’s acetate, 100 ml 15% mannitol, and 5,000 U heparin,
and a roller pump were used for CPB. The initial sys-
temic heparin dose was 300 IU/kg. Activated coagula-
tion time (Hemochron 400, Technidyne Co., Edison,
NJ) was maintained at >480 s with additional 5000 IU
doses of heparin when required. Systemic hypothermia
(nasopharyngeal temperature, 28°C), a-stat PH manage-
ment, and a pump flow rate of 2.4 1-min ' m 2 (1.6
I*min"'-m * during hypothermia) were used. Ante-

Anesthesiology, V 86, No 2, Feb 1997

grade cold crystalloid potassium-magnesium cardi-
oplegia solution was given to maintain electromechani-
cal quiescence. Hemoglobin concentration was main-
tained at more than 70 g/1 during CPB and at more than
90 g/1 after CPB. After separation from bypass, heparin
was neutralized with protamine according to the pa-
tient’s activated coagulation time. If there was complete
atrioventricular block or another type of bradycardia
unresponsive to anticholinergic or inotropic medica-
tion after aortic unclamping, the heart was paced. The
need for pacing was recorded at the following times: 5
min after defibrillation, 30 min after defibrillation, after
coming off bypass, and after skin closure. Before wean-
ing from bypass, the surgeon assessed the quality of
the anastomoses using a four-grade scale, where 4 =
excellent, 3 = good, 2 = fair, and 1 = poor.

Postoperative Procedures
At the end of surgery, the study drug infusion was
discontinued and the patient was transferred to the sur-
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gical intensive care unit. The lungs were ventilated after
operation until stable hemodynamics and clinically ade-
quate recovery from anesthesia and restoration of spon-
tancous respiration were achieved. Oxycodone was ad-
ministered intravenously in 3 - 5-mg increments for pain
control. Meperidine was administered in 12.5-mg incre-
ments for shivering. Postoperative shivering was re-
corded as “yves” or “no’. Fluid loading and vasoactive
medication were administered according to clinical he-
modynamic criteria.

Hemodynamic Evaluations

Heart rate, SAP, and DAP were recorded at 1-min inter-
vals from 5 min before induction of anesthesia and until
10 min after intubation, then at 5-min intervals until the
end of surgery (except during CPB, when mean radial
arterial pressure [MAP] was measured), and at intervals
not greater than 1 h after operation until the first post-
operative morning. In addition, a set of hemodynamic
measurements including SAP, MAP, DAP, HR, mean pul-
monary arterial pressure, central venous pressure, pul-
monary capillary wedge pressure, and cardiac output
were measured before study drug administration (base-
line) and induction of anesthesia; before and 5 min
after tracheal intubation; before skin incision; and after
sternotomy, termination of CPB, and skin closure. Car-
diac index, stroke index and systemic vascular resis-
tance index were derived using standard formulas. The
hemodynamic response to tracheal intubation was de-
termined as maximal increases in SAP, DAP, and HR
within 10 min after intubation versus baseline values.
Variability of SAP and HR was assessed as an area under
the curve of deviations from the mean value of the given
period versus time (individual measurement intervals
were noted previously). The resulting index was di-
vided by the duration of surgery.

Perioperative Evaluations of Electrocardiograms

and Cardiac Enzymes

Each patient was connected to a Holter ECG device
(8500 series, Marquette Electronics, Milwaukee, WI) us-
ing two bipolar leads (CC5 and modified CMs) from at
least 8 h before induction of anesthesia until 24 h after
operation. All putative ischemic episodes were re-
viewed independently by one cardiologist blinded to
the treatment, the patient’s identity, and clinical course.
The primary evaluation of the Holter tracing was made
using a semiautomatic scanner (Marquette Electronics,
Milwaukee, WI). The baseline S-T segment level was
defined as the average S-T level over a stable period
in the initial parts of the registration with the patient
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positioned supine. An ischemic episode was defined as
a reversible S-T segment deviation of either =1 mm (0.1
mV) below S-T segment baseline or =2 mm above S-T
segment baseline and lasting for at least 1 min. To be
considered reversible, an ST segment had to return
to the baseline value for at least 1 min. The channel
representing the greater S-T segment deviation was used
in the data analysis. The ST segment deviation was
normally measured 60 ms after the J point, but if the

measurement point fell onto the T wave because of

tachycardia, the measurement point was set closer to
the J point, but not closer than 40 ms. For each ischemic
episode, the maximum S-T deviation, its duration, and
the area under the S-T deviation X the time curve (area
under the curve) were determined. The total ischemic
load was determined as total ischemic minutes/total
number of hours monitored.

A 12-]ead ECG was obtained before operation, in the
morning and evening of first two postoperative days,
and at discharge from hospital or 7 days after operation,
which ever occurred first. All ECGs were reviewed by
an independent cardiologist who was unaware of the
treatment and the patient’s identity and clinical course.
According to the study protocol, all new Q waves and
those fulfilling Minnesota code I criteria for a definitive
of probable Q-wave infarction® were identified. Myo-
cardial infarction was defined as a Q-wave myocardial
infarction if new Q waves appeared in the ECG (sepa-
rately for all Q waves and for those fulfilling Minnesota
Code I criteria). A non-Q-wave myocardial infarction
was defined as the absence of a Q wave but an elevation
of creatine kinase MB isoenzyme activity to =100 U/I
at any time before operation or to >70 U/l at any time
after the first 12 h after operation.**

Assay Methods

Arterial blood samples to determine plasma epineph-
rine and norepinephrine concentrations were obtained
after radial artery catheter placement (baseline), before
induction of anesthesia, 5 min after tracheal intubation,
1 min after sternotomy, immediately before aortic de-
clamping, immediately after termination of CPB, at skin
closure, 1 and 2 h after completion of surgery, and on
the first postoperative morning. Plasma concentrations
of norepinephrine and epinephrine were measured us-
ing an high-performance liquid chromatography-elec-
trochemical detection assay.”> Arterial blood samples
to determine plasma dexmedetomidine concentrations
were obtained after radial artery catheter insertion
(baseline), before induction of anesthesia, 5 min after
tracheal intubation, 1 min after sternotomy, immedi-
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ately after termination of CPB, at skin closure, at 2-h
intervals during surgery, 4 h after the start of surgery,
and thereafter at 4-h intervals until the first postopera-
tive morning. Plasma dexmedetomidine concentrations
were assayed using a gas chromatography-mass spec-
trometry method (detection limit, 50 pg/ml).*® A blood
sample used to determine serum creatine kinase con-
centration and its MB subfraction (creatine kinase MB
isoenzyme) was obtained before operation, on arrival
at the intensive care unit, in the morning and evening
of the first two postoperative days, and at discharge
from the hospital or 7 days after operation, whichever
occurred first.

Statistical Methods

The results are reported as mean values and standard
deviations (SD) or as median values with quartile devia-
tions (QD), depending on whether the residual values
were normally distributed on the original scale of mea-
surement. The two-sample ¢ test and Wilcoxon rank-
sum test were used accordingly to compare single end
points. Unbalanced two-way analysis of variance for re-
peated measures with one between-factor (drug) and
one within-factor (time) was used for serially measured
hemodynamic parameters and catecholamine data. The
changes in SAP, DAP, and HR were analyzed indepen-
dently during the following time periods: (1) the preop-
erative period (from the start of the study drug infusion
until 6 min after anesthesia induction), (2) the intraoper-
ative period (tracheal intubation to 30 min after intuba-
tion; skin incision to 25 min after skin incision; first
hour of CPB; termination of CPB to 25 min after termina-
tion of CPB), and (3) postoperative period (first 14 h
after arrival at the intensive care unit). Proportions were
compared using the likelihood ratio chi-squared test, or
using Fisher’s exact test if the expected cell sizes were
small. Duration of operation phases, anesthesia and
study drug infusion, and characteristics of myocardial
ischemia were analyzed using the survival analysis ap-
proach and log-rank test. Confidence intervals (95%)
were calculated from respective statistical tests for the
primary variables. A probability value less than 0.05 was
regarded as significant.

Results

The demographic characteristics were similar in both
groups with respect to age, weight, height, sex distribu-
tion, number of patients with previous myocardial in-
farction, New York Heart Association classification, and
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Table 2. Demographic Characteristics and Operation Data

DEX PLA
Weight (kg) 80.3 (13.0) 80.5 (9.0)
Height (cm) 171 (8) 1735 (7)
Age (yr) 55.3 (8.6) 95.5\(7 1)
Male/Female (no. of patients) 31/9 36/4
Patients with NYHA class 3 or 4 22 23
Patients with previous Ml 18 25
Patients with 3 blockers 82 32
Patients with calcium

antagonists 21 22
Duration of anesthesia (min)* 260 (29) 258 (18)
Duration of surgery (min)* 180 (22) 185
Duration of CPB (min)* 96 (20) 89 (195
Distal coronary anastomoses

(number) 3:2.(1%0) 3.4 (1.0
Fair or poor anastomoses

(no. of patients) 11 9

Mean values and (SD), *median values (quartile deviation), or number of pa-
tients presented. No significant differences (Students t test; Wilcoxon rank
sum test) were found, DEX = dexmedetomidine; PLA = placebo; Ml = myo-
cardial infarction; CBP = cardiopulmonary bypass; NYHA = New York Heart
Association.

the number of patients taking preoperative beta blocker
or calcium antagonist medication. The duration of sur-
gery, CPB, and anesthesia; the number and type of the
grafts; and the surgeon’s assessment of the function of
the grafts were also similar in both groups (table 2).
Figure 1 shows the changes in dexmedetomidine
plasma concentration.

Changes in Systolic and Diastolic Arterial Blood

Pressure and Heart Rate with Time

During the 30-min dexmedetomidine loading period,
SAP decreased in the DEX group but stayed at the base-

1.0 4 l

—

Al

—

Plasma dexmedetomidine
concentration (ng/ml

0.0 -

T T T T T T d
3 4 5 6 7!
Time of assessment

%)

Fig. 1. Mean (SD) dexmedetomidine plasma concentration.
Measurements: 1 = before induction of anesthesia; 2 = 5 min
after tracheal intubation; 3 = 1 min after sternotomy; 4 =
before termination of CPB; 5 = at skin closure; 6 = 4 h after
start of surgery; 7 = 4 h after the end of surgery.
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line level in the PLA group (fig. 2), and the mean differ-
ence between the groups was 15-20 mmHg. There
were no significant differences between the groups in
HR during this period (fig. 2)

During the 6-min anesthesia induction period, SAP de-
creased in the PLA group but remained unchanged in
the DEX group (fig.
SAP and HR remained significantly higher in the PLA
group than in the DEX group (fig. 2). Although SAP and
HR increased again in the PLA group after pancuronium
was injected (and even further after intubation), these

2). During induction of anesthesia,

parameters were stable in the DEX group.

In response to tracheal intubation, the maximum mean
SAP values were 133 (SD, 26) mmHg in the DEX group
and 157 (SD, 26) mmHg in the PLA group, representing
t to 11 mmHg)
from baseline in the DEX group and of 24 mmHg (95%
CI, 17 to 32 mmHg) from baseline in the PLA group (P <
0.001, by Student’s 7 test). The corresponding maximum
mean HR in response to intubation was 62 (SD, 13) bpm
in the DEX group and 80 (SD, 16) bpm in the PLA group,
and the mean increase from baseline was 7 bpm (95%
CI, —23 to 45 bpm) in the DEX group and 24 bpm (95%
CI, =9 to 58 bpm) in the PLA group (P < 0.001). During
the 30-min period after intubation, SAP and HR decreased
in the PLA group but remained stable in the DEX group,
and were greater for the PLA, with a maximum in-
tergroup difference of 25 mmHg in SAP and 18 bpm in
HR (fig. 2). The response in DAP during this period was
similar to that in SAP (P < 0.001 for interaction), but
the changes were smaller.

a mean increase of 3 mmHg (95% CI,

Drug-by-time P < 0.001

Drug-by-time P = 0.067

Drug P < Drug P = 0.001

Lopgbddbbody,
bR S o L TTTTTTTH'

60 Drug P=0.016

0.001

SAP (mmHg)
5
—®—
—80—

Drug-by-time P < 0.001

Drug-by-time P = 0.321 Drug

by-time P < 0.001

100 Drug P =0.194 Drug P = 0.005

HR (bpm)

Drug-by-time P< 0.001

20 Drug P < 0.001

FerTTrTerd

ALl et o
HH%Héééééﬂ%%nrnmn

In the 25 min after skin incision, there was a signifi-
cant drug-by-time interaction for SAP, HR (fig. 3), and
DAP, with the mean SAP 10 to 25 mmHg higher, HR 5
to 6 bpm higher, and DAP 5 to 10 mmHg higher in the
PLA group than in the DEX group. During the first 60
min of CPB, MAP was 6 to 16 mmHg lower in the DEX
group than in the PLA group (fig. 4). During the 25
min after termination of CBP, there was a significant
interaction for SAP, but the intergroup difference in
mean SAP was small (fig. 3), and there were no signifi-
cant differences in DAP or HR.

After operation, while the patients were in the inten-
sive care unit, the blood pressure response was signifi-
cantly different in the two groups (fig. 5). Initially SAP
and DAP increased in the DEX group during the first
hour and remained stable thereafter, at an approximate
level of 110 and 60 mmHg, respectively. In the PLA
group, SAP and DAP decreased gradually during the
first 5 h in the intensive care unit and stayed at an
approximate level of 100 and 55 mmHg, respectively.
Heart rate increased in both groups during the first
hours in the intensive care unit but remained approxi-
mately 10 bpm lower in the DEX group than in the PLA

group (fig. 5).

Hemodynamic Variability

Intraoperative variability of SAP was significantly less
in the DEX group than in the PLA group: 75 (SD, 30)
versus 89 (SD, 32) mmHg/h (mean difference, 14
mmHg/h; 95% CI, 0-28 mmHg/h; P = 0.047, by ¢ test).
In addition, postoperative variability of SAP was slightly

Fig. 2. Mean (SD) systolic blood pressure
and heart rate during study drug loading
(infusion of 50 ng-kg '-min ' dex-
medetomidine or placebo), anesthesia
induction, and intubation periods. Af-
ter loading, dexmedetomidine infusion
% was continued with a speed of 7
ng-kg '-min ' until the end of surgery.
BL = baseline measurement before start-
ing study drug infusion; Ind = start of
anesthesia induction; Int = tracheal intu-
bation. The changes in SAP and HR were
analyzed by repeated-measure analysis
of variance, independently during three

® Dexmedetomidine
O Placebo

..
:
s
T
ol
.

é) time periods: (1) study drug loading pe-
riod (from —30 to —1 min), (2) anesthe-
f sia induction (Ind) to 6 min after induc-
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time P: intergroup difference in re-
sponse over the time period (interac-
tion). Drug P: overall difference in the
level between the two groups (drug main
effect).
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less in the DEX group: 14 (SD, 6) versus 17 (SD, 8)
mmHg/h (mean difference, 4 mmHg/h; 95% CI, 1-7
mmHg/h; P = 0.016). No intergroup differences were
observed in the variability of HR.

Incidence of Hypotension, Hypertension,

Tachycardia, Bradycardia, and Pacing

Using the prespecified criteria (table 1), the incidence
of hypotension was similar in both groups during opera-
tion before and after CPB, and after operation (table 3).
However, in a post bhoc analysis, more patients in the
DEX group (n = 22) had SAP less than 90 mmHg before
CPB than did patients in the PLA group (n = 11; P =

120 ® Dexmedetomidine
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Fig. 4. Mean (SD) values of the mean arterial pressure during
the first 60 min of cardiopulmonary bypass. BL = baseline
measurement before starting study drug infusion. Drug-by-
time P: intergroup difference in response during the time pe-
riod (interaction, repeated-measure analysis of variance).
Drug P: overall difference in the level between the two groups
(drug main effect).
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0.022, by Fisher’s exact test), but there was no such
difference after CPB (32 and 26 patients, respectively;
P = 0.210) or after operation (25 and 25 patients, re-
spectively; P = 1.000). During CPB, the incidence of
hypotension (MAP < 30 mmHg) was higher in the DEX
group than in the PLA group (9 vs. 0 patients; P =
0.002). Before and during CPB, more patients in the
PLA group than in the DEX group were hypertensive
(table 3), whereas there were no significant differences
after CPB or after operation.

The incidence of tachycardia was significantly greater
in the PLA group than in the DEX group before CPB
(HR > 90 bpm; table 3) and after operation (HR > 110
bpm). There were no statistically significant differences
in the incidence of bradycardia. Heart rate decreased
to less than 40 bpm but returned to normal with phar-
macologic interventions in eight patients in each group
before bypass and in one patient in each group after
bypass (paced patients were excluded). After operation,
four patients in the DEX group and one in the PLA group
had HRs less than 50 bpm. After aortic unclamping, nine
patients in the DEX group and four patients in the PLA
group needed pacing for transient atrioventricular con-
duction block (P = 0.230, by Fisher’s exact test). The
number of patients paced at different observation peri-
ods in the DEX and PLA groups were as follows: 5 min
after defibrillation, two and one; 30 min after defibrilla-
tion, two and one; after coming off bypass, three and
two; after skin closure, three and one, respectively.

Supplementary Anesthesia and Hemodynamic

Interventions

The mean total number of intraoperative interven-
tions required to maintain the hemodynamic parame-
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(interaction, repeated-measure analysis
1 of variance). Drug P: overall difference
in the level between the two groups
(drug main effect).

Time (h)

ters within the predetermined limits was significantly
less in the DEX group (n = 18; SD, 7) than in the PLA
group (n = 22; SD, 7; P = 0.016, by £ test), with a mean
difference of four interventions (95% CI, 1-7). Table 4
reports the mean or median (or both) total intraopera-
tive doses of supplementary anesthetics, vasoactive
drugs, and fluid challenges.

The fentanyl dose was increased more frequently in the
PLA group (mean, 5.4 [SD, 1.8] times per patient) than
in the DEX group (mean, 3.1 [SD, 1.7] times per patient;

P = 0.000, by 7 test), as was the enflurane concentration
(mean, 5.6 [SD, 1.9] times per patient in the PLA group
vs. 4.4 [SD, 1.9] times per patient in the DEX group; P =
0.004, by # test). The mean end-tidal enflurane concentra-
tion and the cumulative dose of fentanyl to maintain he-
modynamic values within predetermined limits were also
higher in the PLA group than in the DEX group. A signifi-
cantly higher proportion of patients in the DEX group
than in the PLA group received fluid challenge for hypo-
tension during operation and phenylephrine for hypoten-

Table 3. Incidence of Hypotension, Hypertension, Bradycardia, and Tachycardia

Before During After
Abnormality Definition Group Bypass Bypass Bypass Postoperatively
Hypotension SAP | = 30% and < 90 mmHg or SAP < 80 DEX 13 (32) 9 (23) 12 (30) 13 (32)
mmHg before CBP, PLA 6 (15) 0 (0) 3 (32) 8 (20)
SAP < 80 mm Hg after CBP and
postoperatively,
MAP < 30 during bypass
Fisher's Exact Test, P value 0.114 0.002 1.000 0.310
Hypertension SAP = 20% above BL or SAP > 150 mm Hg DEX 14 (35) 13 (32) 9 (22) 26 (65)
before CBP, PLA 30 (75) 26 (65) 17 (42) 27 (67)
SAP > 130 mm Hg after CBP and
postoperatively,
MAP > 80 during CBP
Fisher's Exact Test, P value <0.001 0.007 0.094 1.000
Bradycardia HR < 40 bpm intraoperatively, DEX 8 (20) 12 4 (10)
HR < 50 bpm postoperatively PLA 8 (20) 0 (0) 1)
Fisher's Exact Test, P value 1.000 1.000 0.359
Tachycardia HR > 90 bpm intraoperatively, DEX 2 (5) 10 (25) 5(12)
HR > 110 bpm postoperatively PLA 13 (32) 16 (40) 16 (40)
Fisher's Exact Test, P value 0.003 0.232 0.010

No. of patients (%) presented.

DEX = dexmedetomidine; PLA = placebo; CBP = cardiopulmonary bypass; HR =

Anesthesiology, V 86, No 2, Feb 1997

heart rate; MAP = mean arterial pressure; SAP = systolic arterial pressure.

20z Iudy 01 uo }senb Aq Jpd°60000-00020.661-2¥S0000/ 1.2 LLE/LEE/Z/98/sPd-B[o1IE/ABO|OISBUISBUE/WOD JIBYDIDA|IS ZESE//:d}Y WOI) papeojumoq




DEXMEDETOMIDINE IN CABG

Table 4. Intraoperative Average Doses of Supplementary Anesthetics, Cardiovascular Drugs, and Fluid Challenge

No. of

Group Patients Mean (SD) Median (QD) P value Test

End-tidal enflurane

concentration (%) DEX 40 0.26 (0.09) <0.001 t test

PLA 40 0.35 (0.10)

Total dose of fentanyl (mg) DEX 40 5.58(210) <0.001 t test
PLA 40 74 (1.5)

Glyceryl trinitrate (zg) DEX il 198 * (431) 0.0 (62.5) 0.215 Wilcoxon rank sum test
PLA 24 127  (149) 100.0 (112.5)

Fluid challenge (ml) DEX 29 374  (346) 250 (250) 0.005 Wilcoxon rank sum test
PLA 20* 169 (199 250 ({17 5)

Ephedrine (mg) DEX 29 6.6 (6. 5.0 (5.0 0.019 Wilcoxon rank sum test
PLA 23 329 (81 ) 2:51(215)

Phenylephrine (mg) during CBP DEX 18 0.19 (0.29) 0.0 (0.15) 0.058 Wilcoxon rank sum test
PLA 8" 0.12 (0.25) 0.0 (0.0

DEX = dexmedetomidine; PLA = placebo; CPB =

sion during CPB (table 4). In addition, the volume of fluid
challenge was slightly but significantly higher in the DEX
group (table 4). There was no significant difference in the
proportion of patients given ephedrine, but the median
dose was significantly higher in the patients in the DEX
group (table 4). The patients in the PLA group needed
esmolol for tachycardia more frequently than did those
in the DEX group (11 vs. 3 patients; P = 0.016). There
was no significant difference between the groups in the
number of patients needing glyceryl trinitrate or glycopyr-
rolate, but the DEX group received fewer glyceryl trini-
trate doses per patient than did the PLA group patients
(mean, 1 [SD, 1.5] vs. 2.3 [SD, 2.8]; P = 0.014, by ¢ test).

After operation, a higher proportion of the patients in
the PLA group than in the DEX group received metoprolol
for tachycardia (11 vs. 1 patients; P = 0.001, by likelihood
ratio chi-squared test). The mean total dose of oxycodone
for postoperative analgesia was not significantly different
between the groups (31 [SD, 12] mg in the DEX group
vs. 35 [SD, 8] mg in the PLA group; P = 0.077, by ¢ test).

Perioperative Mean Pulmonary Arterial Pressure,

Central Venous Pressure, Pulmonary Capillary

Wedge Pressure, Cardiac Index, Stroke Index, and

Systemic Vascular Resistance Index

During the 30 min period of study drug loading infu-
sion, mean pulmonary arterial pressure, central venous
pressure, pulmonary capillary wedge pressure, cardiac
index, stroke index, and systemic vascular resistance
index stayed approximately at baseline levels in both
groups (table 5). During the 6-min induction period
before intubation, mean pulmonary arterial pressure,

Anesthesiology, V 86, No 2, Feb 1997

cardiopulmonary bypass; QD = quartile deviation.
* Significant intergroup difference in incidence; likelihood ratio chi-square test.

central venous pressure, and pulmonary capillary
wedge pressure increased transiently in the PLA group
but not in the DEX group. During anesthesia induction
and after intubation, cardiac index was significantly in-
creased and systemic vascular resistance index was sig-
nificantly decreased from baseline in the PLA group but
not in the DEX group. During the operation before
bypass and after bypass, the changes in all these parame-
ters were similar in both groups.

Catecholamine Response

During the study drug infusion, plasma norepineph-
rine concentration decreased significantly in the DEX
group but not in the PLA group and it stayed signifi-
cantly lower in the DEX group throughout the surgical
procedure (table 6). There was a marked increase in
plasma norepinephrine level in the PLA group and a
less pronounced increase in the DEX group 2 h after
the end of surgery and discontinuation of dexmedetomi-
dine infusion. No significant intergroup differences
were observed in changes of plasma epinephrine con-
centrations.

Perioperative Myocardial Ischemia and Infarction

Altogether 14 DEX patients (38%) and 19 PLA patients
(48%) had ischemic S-T segment changes in ECG during
the observation period from the start of study drug
loading until 24 h after operation (P = 0.255, by likeli-
hood ratio chi-squared test). Most of them were in both
groups during the first 4 h after operation. Before com-
mencement of the study drug, four patients in DEX
group and one patient in the PLA group each had six
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JALONEN ET AL.

Table 5. Perioperative Hemodynamic Data

Drug
Main
Before Before 5 min after  Before After End of End of Effect Drug x time
Parameter Group Baseline Induction Intubation Intubation Incision Sternotomy Bypass Surgery P) interaction (P)
SAP (mm Hg) DEX 130 (20) 119 (19) 125(23) 119 (23) 124 (25) 123 (23) 99 (14) 100 (12) 0.007 1<0.001
PLA 133 (16) 134 (17) 148 (28) 131 (29) 114 (14) 137 (14) 94 (14) 105 (15)
MAP (mm Hg) DEX 90 (12) 83 (15) 89 (12) 86 (18) 89 (20) 90 (18) 73 (12) 74 (10) <0.063 <0.001
PLA 92 (11) 92 (11) 104 (20) 1(18) 82 (9) 99 (10) 69 (11) 78 (12)
MPAP (mm Hg) DEX 19 (5) 18 (6) 20 (6) 18 (5) 17 (4) 16 (4) 19 (5) 18 (4) <0.013 <0.001
PLA 20 (4) 9 (4) 26 (7) 22 (6) 16 (4) 17 (4) 20 (6) 19 (4)
HR (bpm) DEX 54 (9) 3 (7) 57 (11) 58 (11) 53 (9) 54 (9) 76 (14) 74 (14) <0.001 <0.001
PLA 56 (11) 5 (10) 3 (15) 71 (13) 57 (7) 60 (8) 78 (10) (12)
CVP (mm Hg) DEX 7 (3) 9(3) 9 (3 8 (3) 7 (3) 7 (3) 8 (3) 9 (3) 0.360 0.032
PLA 8 (3) 8 (3) 1(3) 8 (3) 8 (3) 7 (3) 8 (3) 9(3)
PCWP (mm Hg) DEX 12 (4) 3 (5 3(4) 10 (4) 10 (3) 9 (3 12 (5) 11 (4) 0.665 <0.001
PLA 2 (4) 2 (3) 16 (6) 10 (4) ) 10 (3) 13 (5) 11 (4)
Cl(I*-min"'-m™ DEX 7 (0.7) 4 (0. ) 25(0.7) 2.6 (0.6) ( 2.2 (0.5) 2.6 (0.7) 2.5 (0.7) <0.001 <0.001
PLA 2A7 (0.5) 6 (0.5 3.4(0.7) 3.5(1.0) 4 (0. 5) 2.5 (0.5) 2.8 (0.7) 2.3(0:5)
S| (ml-beat '-m ?) DEX 49 (9) (7) 43 (8) 44 (7) 44 (7) 41 (7) 35 (9) 34 (8) 0.412 <0.001
PLA 49 (11) 9 (10) 48 (8) 49 (11) 41 (9) 42 (10) 36 (8) 31 (6)
SVRI-10?
(dyn-s-cm °-m? DEX 26(06) 2505 27(06) 25(0.77 3.0(0.8 3.1(0.9 2.00(07) | 2.20(130) 0.087 <0.001
PLA 2.61(0:6)  2.6/(0:7)  2:2((0:5)F = 2:0/(0.5)" 261 (0:6) + 8.0{0:7) 1.8 (0.5) 2.5(0.6)
Mean values and (SD) presented.
DEX = dexmedetomidine; PLA = placebo; SAP = systolic systemic arterial blood pressure; MAP = mean systemic arterial blood pressure; MPAP = mean
pulmonary arterial blood pressure; HR = heart rate; PCWP = pulmonary capillary wedge pressure; Cl = cardiac index; S| = stroke index; SVRI systemic

vascular resistance index. Significances: analysis of variance for repeated measurements.

episodes of ischemia, and five patients in PLA group
cach had one episode of ischemia (these episodes were
not included in the statistical analysis of perioperative
ischemia). From the start of the study drug infusion
through anesthesia induction, no patient in the DEX
group had ischemia, whereas three in the PLA group
had one ischemic episode each. From intubation until
the end of the surgery, four DEX patients and six PLA
patients had one ischemic episode each. During the first

Table 6. Plasma Catecholamine Concentrations

24 h after operation, 11 DEX patients had 36 ischemic
episodes, whereas 12 patients in the PLA group had 46
episodes of ischemia. None of the four patients in the
DEX group who had ischemia before starting the study
drug infusion had ischemia during any later stage of the
study, whereas five patients in the PLA group continued
to have ischemia: one during the induction period, two
during operation, and four after operation. There were
no significant differences between the two treatment

Drug
Main
Before 5 min after After End of End of 2h Effect Drug x time
Group Baseline Induction Intubation Sternotomy Bypass Surgery postoperatively P) interaction (P)
Epinephrine
(nmol/ml™ ") DEX 0.66 (0.64) 0.09 (0.16) 0.11 (0.19) 0.07 (0.12) 0.53 (1.92) 0.54 (2.27) 1.55 (3.83) 0.250 0.347
PLA 0.42 (0.44) 0.39 (0.43) 0.27 (0.32) 0.21 (0.33) 0.46 (1.89) 0.53 (1.47) 2.59 (4.06)
Norepinephrine
(hmol-ml~")  DEX 1.79 (0.72) 0.20 (0.18) 0.28 (0.34) 0.21 (0.13) 0.59 (0.67) 1.09 (1.76) 2.83 (4.43) <0.001 <0.001
PLA 1.73 (0.74) 1.61(0.68) 2.02 (1.01) 1.23 (0.65) 2.61 (5.39) 2.65 (1.54) 8.44 (8.06)

Mean values and (SD) presented.
PLA = placebo.

DEX

Anesthesiology, V 86,

= dexmeditomidine;
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Table 7. Myocardial Ischemia

Median Log-Rank Test Hazard Ratio (95%
Indicator Group Mean (SD) (QD) Range P value Confidence Interval)
Number of ischemic episodes DEX i OS(25T) 0.0 (0.5) 0.0-11.0 0.479 0.90 (0.58-1.39)
PLA 1.4 (2.5 0.0 (0.5) 0.0-11.0
Total ischemic minutes DEX 8.4 (17.7) 0.0 (3.9) 0.0-68.2 0.335 0.84 (0.54-1.31)
PLA 14.3 (30.2) 0.0 (7.0 0.0-147.6
Area under ST x time curve DEX Wl () 0.0 (56.3) 0.0-161.3 0.123 0.75 (0.48-1.19)
PLA 27.3 (60.6) 0.0 (14.3) 0.0-319.7
Ischemic minutes/hour monitored DEX 0.27 (0.63) 0.0 (0.1) 0.0-2.8 0.629 0.92 (0.59-1.43)
PLA 0.34 (0.71) 0.0 (0.2) 0.0-3.4

Hazard ratio means the likelihood of not having the event; i.e. a value of hazard ratio of less than 1 means that the event occurred more often in the PLA group

(although the difference was not statistically significant).
DEX = dexmedetomidine; PLA = placebo; QD = quartile deviation.

groups in terms of any of the variables related to the
ischemic episodes (table 7). The differences in the inci-
dence of hypotension or tachycardia during any of the
observation periods in the patients who had ischemia,
and those who did not were small and insignificant.
Eleven patients in the DEX group and seven in the PLA
group had a new Q wave on the ECG, but in four DEX
patients and in two PLA patients these were seen in only
one recording (of five) or they did not meet Minnesota
code 1 criteria for a myocardial infarction (table 8). Conse-
quently, six patients in the DEX group and four in the PLA
group had a new QQ wave that fulfilled the Minnesota code
1 criteria for a perioperative myocardial infarction and, in

addition, one patient in each group had a new Q wave
that fulfilled the criteria of a probable myocardial infarction.
Seven patients in the DEX group and eight patients in the
PLA group had a peak creatine kinase MB isoenzyme of
>100 IU or >70 IU more than 12 h after operation. Of
these patients, three in the DEX group and four in the PLA
group also had a new Q wave (two versus three of them,
respectively, fulfilling the Minnesota code 1 criteria).

Fentanyl-induced Muscle Rigidity, Postoperative

Shivering, and Diuresis

Fifteen patients (38%) in the DEX group and 33 pa-
tients (82%) in the PLA group had muscle rigidity during

Table 8. New Q Waves and Elevations in Creatine Kinase MB Band

No. of
Indicator Group Patients (%) [? Statistical Test
New Q wave, all included DEX 11 (28) 0.280 LR chi-square test
PLA 7 (18)
New Q wave, Minnesota criteria* DEX 7 (18) 0.530 LR chi-square test
PLA 5 (13)
CK-MB > 100 IlUor > 701U > 12 h DEX 7 (17) 0.774 LR chi-square test
PLA 8 (20)
New Q wave, all included, and peak
CK-MB > 100 IUor > 701U > 12 h DEX 3 (8) 1.000 Fisher’s exact test
PLA 4 (10)
New Q wave, Minnesota criteria, and
peak CK-MB > 100 IU or > 70 IU
=2 by DEX 2 (5) 1.000 Fisher's exact test
PLA 3 (8)
No Q wave and peak CK-MB > 100
lUor>701U > 12h DEX 4 (10) Not tested
PLA 4 (10)

CK-MB = creatinine kinase MB band; DEX = dexmedetomidine; IU = international units; PLA = placebo; LR = likelihood ratio.

* From reference 23.

Anesthesiology, V 86, No 2, Feb 1997
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or immediately after the induction dose of fentanyl (P

0.001, by likelihood ratio chi-squared test). Postoper-
ative shivering occurred more frequently in the PLA
group than in the DEX group (23 vs. 13 patients; P =
0.024, by likelihood ratio chi-squared test). The patients
of the DEX group excreted more urine than did the
patients of the PLA group both during operation (1,445
[SD, 725] vs. 988 [SD, 589] ml; P = 0.003, by # test)
and during 18 h after operation (4,038 [SD, 1,284] vs.
3,528 [SD, 1,000] ml; P = 0.051).

Clinical Outcomes

None of the patients died nor had episodes of unstable
angina during the first 7 days after operation. One pa-
tient in the DEX group had low cardiac output, requir-
ing maximal inotropic support, at the emergence from
CPB. One patient in the PLA group had an intraaortic
balloon pump inserted on the second postoperative day
because of low cardiac output. One patient in the DEX
group and three in the PLA group had postoperative
radiological signs of congestive heart failure that re-
solved with pharmacologic treatment. Nine patients in
the DEX group and ten in the PLA group had episodes
of atrial fibrillation on postoperative days 1 to 6. One
patient in each group had a shortlasting episode of
ventricular tachycardia. One patient in the PLA group
had transitory (postoperative days 1 to 4) weakness
of the upper limb. All patients were ambulatory when
discharged from the hospital.

Discussion

Hemodynamic Response

This study is the first in which dexmedetomidine was
given to patients with documented severe coronary dis-
case who were undergoing coronary bypass operation.
The main finding was that dexmedetomidine significantly
blunted the responses of SAP and HR to intubation and
skin incision, decreased the overall variability of SAP, and
decreased the incidence of hypertension and tachycardia
both during operation before bypass and after operation.
Previously, Flacke et al.’ observed improved hemody-
namic stability in patients having CABG who were given
clonidine and anesthetized with high-dose sufentanil and
supplemental isoflurane, whereas AbiJaoude et al.'® did
not find any such decrease. A decreased incidence of
tachycardia has been a common finding in patients receiv-
ing dexmedetomidine and undergoing gynecologic proce-
dures®*” or receiving clonidine and undergoing noncar-
diac surgery.>3°-32

Anesthesiology, V 86, No 2, Feb 1997

In the present study, the intraoperative incidence of
bradycardia requiring treatment according to prespeci-
fied criteria was not more common in the dexmedetom-
idine group than in the placebo group, compared with a
study of patients having CABG who were premedicated
with clonidine, in which four of ten patients received
atropine for bradycardia before the start of surgery.’
However, in another recent study, bradycardia was
more common in patients with dexmedetomidine pre-
medication and undergoing abdominal hysterectomy
than in patients receiving midazolam premedication.”’
The present study is the first report of patients treated
with dexmedetomidine, with most of them receiving
long-term f-blocker treatment. With the f-receptors al-
ready blocked, additional sympathetic blockade did not
appear to decrease the heart rate further. Scopolamine
premedication and pancuronium as a muscle relaxant
probably also counteracted, in part, the bradycardia-
inducing effect of dexmedetomidine during operation.

Administration of clonidine has been associated with
an increased incidence of hypotension in studies of pa-
"and CABG.'" In
our study, using prespecified treatment trigger criteria
of hypotension, there was no intergroup difference in
the incidence of hypotension before or after CPB. How-
ever, the volume of fluid challenge needed to maintain
adequate filling pressure and to prevent hypotension
was slightly greater in the dexmedetomidine group than
in the placebo group, and twice as many patients in
the dexmedetomidine group than in the placebo group
had SAPs less than 90 mmHg before bypass. In addition,
9 of 40 patients receiving dexmedetomidine were hypo-
tensive during CPB in our study, suggesting that the
sympathetic blockade by dexmedetomidine adds to the
other vasodilative effects of CPB.

Dexmedetomidine prevented the increase in cardiac
index and the decrease of systemic vascular resistance
index that were observed in the placebo-treated pa-
tients during anesthesia induction and intubation. These
findings differ from those of studies of patients having
CABG and who received clonidine, in which either no
effect on cardiac index or SVR was seen,”** or cardiac
index was decreased and SVR was increased during
induction of anesthesia and intubation."*'® These differ-
ences may be due to the different a,/ar, selectivity or
to different routes of administration of dexmedetomi-
dine and clonidine.

tients having noncardiac procedures’

Anesthetic Requirement
Some investigators have observed a decreased need
for inhalational anesthetics or opioids by administering
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clonidine in some studies of patients having noncar-
diac'***3* and cardiac®'? surgical procedures, but other
researchers found no such effect.”"'® The use of dex-
medetomidine has been shown to decrease isoflurane
requirements to maintain hemodynamic parameters
within predetermined limits,””*” and to reduce the need
for thiopentone®' and opiates in patients having noncar-
diac surgery.”” Salmenperi et al.** found a fentanyl-spar-
ing effect by dexmedetomidine in the dog. The present
study, in which high-dose fentanyl anesthesia was used,
showed that a continuous dexmedetomidine infusion
reduced the cumulative dose of fentanyl and decreased
the mean end-tidal concentration of enflurane used,
both given according to prespecified hemodynamic cri-
teria.

Myocardial Ischemia and Infarction

Dorman et al.'” and Quintin et al."’ reported a de-
creased incidence and severity of ischemic S-T segment
changes in patients who were premedicated with cloni-
dine and undergoing CABG, and a similar finding was
reported in patients having noncardiac surgery.”* How-
ever, other investigators could not show such an ef-
fect.' In the present study, the dexmedetomidine infu-
sion was stopped at the end of surgery. The risk for
myocardial ischemia was highest in both treatment
groups during the first 4 h after operation, at a time
when there were increases in plasma catecholamine
levels. We could not show any statistical intergroup
differences in the incidence or severity of ischemic
ST segment changes in terms of any of the measured
variables, but the study included too few patients to
make a definitive assessment of the incidence of isch-
emia.

The criteria to diagnose perioperative myocardial in-
farction vary considerably.”>*° In the present study, the
incidence of perioperative myocardial infarction was
not significantly different for the two treatment groups,
regardless of the definition of myocardial infarction
used. However, no definitive conclusion of incidence
can be made because of the small number of patients.
The number of patients with new Q waves (with all Q
waves counted) was rather high. However, the inci-
dence of of myocardial infarction based on definitions
of diagnostic creatine kinase isoenzyme MB levels com-
bined with either all Q waves (8% in the DEX group
and 10% in the PLA group) or new diagnostic Q waves
(5% and 8%, respectively) ranged from 4-14%, as re-
ported in the literature.*”*’
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Muscle Rigidity, Postoperative Shivering,

and Diuresis

Opioid-induced muscle rigidity is associated with a
prompt increase in central venous pressure and mean
pulmonary arterial pressure.”® The proposed mecha-
nisms are hypercapnia-induced pulmonary vasocon-
striction and lack of normal cardiovascular compensa-
tion of decreased muscle blood flow.*® Air trapping and
increased intrathoracic pressure due to muscle rigidity
during manual ventilation using a face mask also could
explain increases in filling pressures. In the present
study, central venous pressure, mean PAP, and pulmo-
nary capillary wedge pressure increased in the patients
in the placebo group after induction of anesthesia be-
fore administration of muscle relaxant. Dexmedetomi-
dine decreased the incidence of rigidity (although it did
not abolish it entirely), as was expected from experi-
mental observations,” and prevented increases in filling
pressures.

The incidence of postoperative shivering was de-
creased among patients given dexmedetomidine. A sim-
ilar effect has been observed after using clonidine in
patients having noncardiac'™'' and cardiac® surgery.
Postoperative shivering is potentially harmful because
it can increase the systemic oxygen consumption and,
consequently, increase cardiac workload.*”*' The in-
creased workload may lead to myocardial oxygen sup-
ply-and-demand imbalance.

a-Adrenergic agonists induce diuresis,*” possibly by
attenuating the secretion of antidiuretic hormone or by
blocking its effect on the renal tubules, by inhibiting
the release of renin, or by releasing atrial natriuretic
peptide.' In the present study, mean urine output was
higher for patients in the dexmedetomidine group, even
though more patients in the placebo group received
furosemide to promote diuresis. The volume of fluid
challenge was slightly higher in the dexmedetomidine
group, but the total volume administered during opera-
tion was nearly the same in both groups.

Limitations in Interpreting the Results

The sample size of 40 patients in each treatment was
too small to evaluate reliably differences between treat-
ment groups for events that have low incidence, such
as bradycardia or the need for cardiac pacing. The pri-
mary end points of the study were hemodynamic re-
sponses to painful stimuli, most importantly to intuba-
tion, intraoperative hemodynamic variability, number
of interventions to keep the hemodynamic values
within predetermined limits, and endocrine response
to surgery, and the study was designed accordingly. For
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the same reason, the infusion of dexmedetomidine was
stopped at the end of surgery, and the postoperative
findings can only suggest the effects of dexmedetomi-
dine.

The endocrine response to anesthesia and surgery was
evaluated in terms of changes in plasma catecholamine
levels. Plasma catecholamine concentrations, however,
do not directly measure central sympathetic tone be-
cause they reflect only peripheral norepinephrine spill-
over and not central sympathetic levels, and they vary
considerably among patients. Nevertheless, catechol-
amine concentrations at times of maximum surgical
stress and the trends in the (peripheral) concentrations
reflect the magnitude of stress reaction.™

As secondary efficacy variables, we also wanted to
measure myocardial ischemia and infarction in both
groups, although the power of the study sample is not
large enough to draw conclusions about the eventual
cffect of dexmedetomidine on myocardial ischemia (ei-
ther anti- or proischemic) or on the incidence of myo-
cardial infarction. Clearly, further studies in larger pa-
tient groups are needed to evaluate this issue.

Another secondary end point, fentanyl-induced mus-
cle rigidity, was quantified by a subjective assessment of
the anesthesiologists as “yes™” or “no’". This subjectivity
limits the value of our finding that dexmedetomidine
attenuates rigidity.

Conclusions

In patients undergoing coronary bypass surgery under
enflurane-supplemented fentanyl anesthesia, intraoper-
ative intravenous infusion of dexmedetomidine de-
creased the plasma norepinephrine level, blunted blood
pressure response to intubation and surgery, decreased
the intraoperative and postoperative blood pressure
variability and the incidence of tachycardia, but also
increased the propensity toward hypotension. Dex-
medetomidine decreased the incidence of fentanyl-in-
duced muscle rigidity and postoperative shivering and
increased urine output. No decrease in perioperative
myocardial ischemia could be demonstrated in this
study of a limited number of patients.
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