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Usage of Alpha-2 Agonists and Opioids in Neuroanesthesia:
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ain stimulation is perceived only during m
nipulations of the skin, periosteum, and d

ater in intracranial surgical procedures. The m
art of surgical intervention is performed on
rain, which does not have pain receptors. Th
hy pain relief does not seem to be an esse
roblem of anesthesia management during ne
urgical procedures. In our opinion, the creatio
certain level of stabilization of the autonom

ervous system, by preventing redundant hem
amic and neuroendocrine response to sur
timulation and preserving adaptive mechanism
erebral autoregulation, determines the adeq
f anesthesia during neurosurgical procedu
urgical stage of anesthesia can be reache
lectroanesthesia and conventional inhala
gents. We chose to investigate a combinatio
lpha-2 agonists and opioids during neurosurg
rocedures. These agents affect two types o
eptors: opiate and adrenoreceptors, still pres
ng their adaptive mechanisms, and with few s
ffects. The results of 20 years of experience

he above-mentioned methods are shown in
rticle.

MATERIALS AND METHODS

During the last 20 years, more than 20,000
ients undergoing different neurosurgical pro
ures were anesthetized by using drug combina
f alpha-2 agonists and opioid analgesic. Th
rocedures included 14,000 craniotomies for tu
emoval, 4000 procedures for severe head tra
600 interventions on children (1 month to
ears of age) with hydrocephalus and inher
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alformations, and 400 surgeries for cerebral
urysms and arteriovenous malformations. An
is and data processing in each group were
ccording to certain criteria. Patients with intrac
ial tumors were divided into groups according

heir tumor size and localization, degree of in
ranial hypertension, patient’s age, coexisting
ases, type and severity of complications, stag
peration, and changes of vital signs. Stand
onitoring was used, including EKG, pulse oxi
try, plethysmography, noninvasive blood pres
onitoring, temperature, and capnography. U
utput, blood loss, hemoglobin level, hemato
alue, glucose level, acid-base balance, and h
oagulation were monitored on an hourly ba
monitors SC 6002 and 7000 “Siemens”, cap
raph “Novometrics”, coagulograph “Organon
echanical ventilation was performed with ven

ators Siemens 900c or Kion. Patients were m
rately hyperventilated to ETCO2 of 35-38 mm
g. Fluid management was aimed to keep pati
dequately hydrated and included hydroxyet
tarch solutions and normal saline; blood w
ransfused when blood loss exceeded 20% of b
irculating volume (BCV). Neurological status
he patients was evaluated at the time of emerg
rom anesthesia and on the first postoperative

This clinical research was approved by the
titute Ethics Committee, informed consent w
btained, and patients were distributed into gro
lood pressure was measured by direct inva
ethod through a catheter inserted into radia

ery, central venous pressure was obtained thr
atheter inserted into superior v. cava, and
easured via a catheter inserted into one of

ateral ventricles (monitors SC-7000, Dinam
lus “Criticon”). Electroencephalogram was reg

ered via intracutaneous electrodes using inte
ional system 10-20. Auditory and optic soma
ensory evoked potentials were recorded (Nic
ohdem, Endeavor “Nicolet”). Cardiac inde
troke volume, and peripheral vascular resista

ere measured with NICO “Novometrix” device.
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193ALPHA-2 AGONISTS AND OPIOIDS IN NEUROANESTHESIA
arious statistical programs were used to process
he results.

Total intravenous anesthesia was administered
o all patients undergoing these procedures. Pre-
edication included midazolam or diazepam. Dose
as selected according to patient’ s age and was

dministered the night before and an hour before
urgery. Anesthesia induction started with intrave-
ous injection of nondepolarizating neuromuscular
locking agents (pipercuronium, pancuronium, or
ecuronium) in recommended doses. Immediately
ollowing injection of a nondepolarizating muscle
elaxant, an anesthetic drug was given (sodium
hiopental dosed from 1 to 2.5 mg per kg of body
eight or propofol dosed at 3-4 mg per kg), and

entanyl (0.3-0.6 mg per kg) infusion was started.
lonidine and fentanyl doses were adjusted to pa-

ient’ s age and vital signs. Aged and/or hypovole-
ic patients due to use of diuretics, or who other-
ise were showing symptoms of dehydration,

eceived reduced doses. For patients with head
njury, dose correction was dependent on a blood
oss. Anesthesia was maintained by constant intra-
enous infusion of sodium thiopental or propofol
dosed from 1.5 to 3 and from 1.0 to 3 mg per kg,
espectively), clonidine, and fentanyl (dosed from
.05 to 0.15 and from 0.07 to 0.15 mg per kg of
ody mass, respectively). Muscle relaxant agent
as given by bolus injections or continuous infu-

ion (vecuronium) in recommended dose. Use of
entanyl and clonidine was stopped 1 hour or 40
inutes before the end of the procedure. Propofol
as stopped as soon as skin had been closed. After

mergence from anesthesia, patients were trans-
orted to PACU.

RESULTS

Intracranial hypertension usually accompanies
ntracranial pathological processes, and anesthetic

T

Figures
Before Induction
of Anesthesia cl

CP (mm Hg) 17.7 � 2.8
AP (mm Hg) 98.5 � 3.6

CP/MAP (H. Shapiro et al. 1972) 0.18
CP (mm Hg) 80.8 � 4.9
anagement is essentially complicated in this case. c
n order to maintain stable cerebral perfusion pres-
ure (CPP), it is important to eliminate factors
ontributing to additional increase of intracranial
ressure and destabilizing the autoregulatory pro-
ess. The increase of intracranial pressure during
aryngoscopy and intubation of the trachea is a
ell-known event. Different methods were de-

cribed to blunt this reaction. The intracranial and
lood pressure changes during laryngoscopy and
racheal intubation in our study are presented in
able 1. Obviously, these measurements present
arallel changes. CPP remained stable when the
bove-mentioned anesthetic technique was used.
ata also showed that, during anesthesia induction,

rterial and intracranial pressures decreased in a
arallel way. Dynamics of measurement proposed
n 1972 by Shapiro et al7 reflected the trend of

ean arterial and intracranial pressures and also
emonstrated this phenomenon. The analysis of
umerous factors (without direct intracranial pres-
ure) indicates preservation of adequate CPP when

clonidine and fentanyl combination was used.
hese factors include EEG stability during arterial
ressure changes, absence of dura mater tension
fter removal of bone flap, and hemodynamic sta-
ility after dura mater has been opened. Following
nduction of anesthesia, arterial pressure decreased
y 20% from initial level in 92% of the cases, by
5% in 6% of the cases, and by 35% in 2% of the
ases. More than 20% blood pressure reduction
rom initial level was observed when the patients
ere fluid resuscitated or had misdiagnosed hypo-
olemia. The changes attributed to medication
sed were registered on EEG, but there were no
ioelectrical signs of cerebral hypoperfusion. Dura
ater was relaxed in 89% of cases after bone flap

emoval, and in 11% of cases, it was moderately
ensed. This tension was explained by reasons of
mass effect,” such as large tumor, cyst, or intra-

ge of Anesthesia and Operation

ntanyl-
Injection Laryngoscopy

Tracheal
Intubation

Opening
Dura Mater

� 1.7 10.1 � 1.6 10.1 � 1.9 3.8 � 0.78
� 5.1 82.5 � 5.3 85.4 � 4.7 82.4 � 4.8
12 0.12 0.1 0.046
� 4.6 72.4 � 5.1 75.3 � 4.9 78.2 � 5.1
able 1.

Sta

After fe
onidine

9.9
83
0.

73.1
ranial hematoma. No case of brain edema was
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194 ANATOLY N. KONDRATYEV
oticed after opening the dura mater. No additional
lood pressure reduction was observed during cra-
ial decompression.
As a result, induction of anesthesia with a fen-

anyl-clonidine increase of intracranial pressure
uring laryngoscopy and tracheal intubation is pre-
ented, and the physiological relationship between
ntracranial and arterial pressure is preserved.

After opening the dura, the intracranial pressure
qualed the atmospheric pressure. Problems related
o intracranial hypertension disappeared. The an-
sthesiologist’ s main task during this phase of sur-
ery is to provide cerebral volume stability and
elaxation and optimal homeostasis. Mainly, these
onditions depend on cerebral blood flow, which is
irectly related to volume status and brain activ-
ty.9 In addition to the local biochemical and neu-
otransmitter changes, vasa vasorum reactions
ere accompanied by efferent impulses caused by
irect nerve tissue irritation (shortened reflexes).
ccording to our experience, the higher arterial
ressure and heart rate deviations during the first
our of surgery, the more difficult to preserve
iscous-elastic cerebral features and more often
yperventilation and dehydration are required.
his tendency was obvious during long surgical
rocedures (more than 3 hours). That is why he-
odynamic stability is an important indicator of

dequate anesthesia management. Hemodynamic
rofile of the operation remained rather stable
hen fentanyl-clonidine combination was used.
hen compared with neuroleptanalgesia, devia-

ions higher than 15% from the base line of systolic
lood pressure were registered three to four times
ess often during 1 hour of surgery. The statistic
nalysis showed that, in 89% of the cases with
entanyl-clonidine technique, no supplemental
ethod to provide adequate stability of brain was

ecessary. In 11% of cases, furosemide and hyper-
entilation to PaCO2 25-28 mm Hg were applied.
ost of those patients had severe head injury and

rain tumors with risk of brain herniation. Surgical
emostasis was adequate in all the cases. At the
nd of surgery, all patients regained consciousness
p to level of verbal response. Adequate spontane-
us breathing was also regained except for those
atients admitted unconscious before surgery (pa-
ients with severe head injury or brain herniation in
ases of intracranial tumors). Decision to proceed
ith extubation was always taken individually case

y case. Only 8% of patients—mostly with pri- w
ary (head injury) or secondary (diffuse axonal
njury) brainstem damage—required postoperative
echanical ventilation. In all cases, complete am-

esia of the intraoperative period was obtained.
ain control was not required during the first 4
ours after operation. Patients were calm, ade-
uate, and arousable during neurological examina-
ion.

During 20 years, we did not notice any case
f complication directly connected to fentanyl-
lonidine combination use. Excessive hypotension
n case of hypovolemia is possible practically with
ny anesthesia technique. Adequate fluid resusci-
ation before induction of anesthesia, prophylactic
lucocorticoids, and inotropic support make it pos-
ible to prevent excessive arterial hypotension. It is
ecessary to emphasize that only the combination
f fentanyl-clonidine was used and never clonidine
lone. We have no evidence that the above com-
ination causes more hypotension than fentanyl
nd droperidol. In cases with unstable hemody-
amics, fentanyl-clonidine dose should be reduced
p to 50% of recommended; drugs should be in-
ected slowly and fractionally. Relative contraindi-
ations to use the combination opioid and alpha-2
gonists could be brainstem dysfunction and vas-
ular tonus regulation failure. In case of unstable
emodynamics, as in severe head injury when,
uring surgery, the patient requires vigorous he-
odynamic support, use of the fentanyl-clonidine

ombination is not reasonable.
An absolute contraindication for fentanyl-

lonidine combination probably can be only indi-
idual hypersensitivity to mentioned preparations.
e prefer to use propofol, which smoothly regu-

ates the level of consciousness and makes anes-
hesia easy to control.

DISCUSSION

Central alpha-2 agonists carry their effects by
hanging neuronal excitability and exert many ef-
ects, including sedation, anxiolysis, analgesia, re-
uction of requirement in anesthetics, and anti-
ialagogue effect. That is why these medications
re widely used in different branches of anesthesi-
logy. Specific information can be found in several
iterature reviews.4,10 Clonidine improves outcome
rom incomplete ischemia in rats.11 This effect is
robably connected to the fact that alpha-2 ago-
ists inhibit voltage-sensitive calcium channels,

hich in turn suppress influx of calcium into the
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195ALPHA-2 AGONISTS AND OPIOIDS IN NEUROANESTHESIA
erve terminals.4,5 In volunteers, clonidine (0.5 mg
rally) decreases flow velocity and slightly atten-
ates CO2 reactivity. Clonidine reduces slope of
he PaCO2-CBF response curve, but does not affect
erebral autoregulation.12 In patients scheduled for
urgery for cerebral tumor, clonidine has sparing
ffect on anesthetic requirement. In the same
tudy, suppression of central hemodynamics, adre-
al cortical response to surgery, and lower blood
ressure level were found.13 The hypertensive re-
ponse during laryngoscopy and application of
ayfield clamp was much less in clonidine-pre-

reated patients.14 Increase in total body oxygen
onsumption and CO2 production were attenuated,
nd reduction in shivering was observed in post-
perative period.15 Other studies indicate that post-
perative pain was eliminated.16 The data corre-
pond with the results of our researches mentioned
bove as well as previous publications.1-3 The in-
ormation about alpha-2 agonists influence on
ympathetic impulsation is of special interest. Ad-
inistered intrathecally or intravenously, clonidine

as depressant effect on both the sympathetic out-
ow and the afferent A- and C-fiber-mediated so-
atosympathetic reflexes.8 The site of action of

lpha-2 agonists is supposed to be the locus cer-
leus, which receives afferents mainly from the
ucleus paragigantocellularis, the nucleus preposi-
us hypoglossi, the hypothalamus, and the spinal
ord. Efferents from locus ceruleus project to the
eticular formation and several cranial nerve nu-
lei.6 Also, the dorsal raphe nucleus is enhanced by
oradrenaline, and this effect is attenuated by
lonidine.17 More detailed information about this
roblem can be found in the review by G.E. Cold
nd B.L. Dahl.10 It is important to understand that
he modulating sympathetic system activity effect
f alpha-2 agonists occurs with the contribution of
everal brainstem structures. This manner of action
esults in modulation of the reactions but preserves
t the same time the basic adaptational reactions in
hich the system functions. In other words, al-
ha-2 agonists in a definitive dose range prevent
xcessive spontaneous and evoked sympathetic
ctivity and thus preserve adaptive processes of
utoregulation necessary to guarantee cerebral
itality.
Stable CPP in the phase before dura mater open-
ng, moderate quantity of deviation of hemody- n
amic parameters during manipulations on brain,
ood characteristics of anesthesia recovery period
ll together serve as an indirect proof of alpha-2
gonists significance for neuroanesthesiology.
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