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Effects of Fentanyl on Sympatbetic Activation

Associated with the Administration of Desflurane
Gregory G. Pacentine, D.O.,* Michael Muzi, M.D.,+ Thomas J. Ebert, M.D., Ph.D. 1

Background: Activation of the sympathetic nervous system
occurs when desflurane is inspired shortly after anesthetic
induction and when the inspired concentration of desflurane
is rapidly increased during steady-state periods of anesthesia.
The purpose of this study was to determine the effectiveness
and dose response of fentanyl pretreatment in attenuating
the neurocirculatory responses to desflurane in healthy hu-
man volunteers.

Methods: After Institutional Research Review Board ap-
proval, three study groups were selected and, in random order,
received either placebo (n = 10), a 2.5-ug- kg™’ intravenous
bolus of fentanyl citrate followed by a continuous infusion of
1ug-kg'-h™' (n =9), ora5.0-ug-kg ' intravenous bolus fol-
lowed by an infusion of 2 ug-kg'-h™' (n = 11) before the
administration of desflurane. Arterial (MAP) and central ve-
nous (CVP) pressures were measured directly, and heart rate
(HR) was determined indirectly. Efferent muscle sympathetic
nerve activity (SNA) was recorded from the peroneal nerve
by microneurography. After neurocirculatory recordings at
conscious unmedicated baseline and 12 min after fentanyl ad-
ministration, anesthetic induction was carried out with 2.0
mg - kg™’ propofol and 0.2 mg- kg™’ vecuronium. Neurocircu-
latory measurements were repeated beginning 2 min after in-
duction when desflurane was given via mask (semiclosed circle
system, 6 1/min fresh gas flow, 100% O,) in three incremental
1-min steps (3.6%, 7.2%, and 11%). Intubation occurred 10 min
after propofol administration. Twenty minutes after intuba-
tion, recordings were obtained during two steady-state periods
during which end-tidal concentrations had achieved 5.4% (0.75
MAC) and 11% (1.5 MAC) desflurane for at least 10 min. Data
also were obtained during the rapid increase in the inspired
gas concentration from 5.4% to 11% (*‘transition™).

Results: Neurocirculatory variables did not differ between
the three groups at conscious baseline, after fentanyl, and
during steady-state periods of anesthesia. Propofol adminis-
tration significantly reduced SNA and MAP. The MAP reduction
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was enhanced in the fentanyl-treated groups. After induction,
the increases in SNA and MAP associated with the administra-
tion of desflurane by mask were not significantly reduced by
fentanyl. The transition from 5.4% to 11% desflurane resulted
in increases in SNA, HR, MAP, and fentanyl administration
significantly attenuated the HR and MAP components. At the
11% steady-state measurement period, CVP was increased and
MAP was decreased from conscious baseline, and these
changes were not modified by fentanyl.

Conclusions: The administration of desflurane was asso-
ciated with increases in SNA, HR, MAP, and CVP. Maximum
sympathetic activation and hemodynamic responses occurred
4-5 min after initiating desflurane during induction and 2-3
min after increasing the inspired concentration of desflurane
during the “‘transition” period. Although fentanyl partially
attenuated the hemodynamic component in a dose-dependent
fashion during the “transition” period, it did not significantly
diminish the response during induction. (Key words: Anes-
thetics, intravenous: fentanyl. Anesthetics, volatile: desflurane.
Sympathetic nervous system, measurement techniques: mi-
croneurography.)

SYMPATHETIC nervous system activation has been ob-
served when initially adding desflurane into the in-
spired gas shortly after intravenous induction of anes-
thesia.'~* This activation has been noted when the in-
spired concentration of desflurane exceeds 5-7%
(~1.0 MAC).?>""° The hemodynamic manifestations of
the sympathetic activation consist of substantial in-
creases in heart rate (HR) and blood pressure.'™° Be-
cause the properties of desflurane, such as its low sol-
ubility in blood and negligible metabolism,” make this
agent a promising addition to the available potent in-
haled anesthetic agents, effective methods to attenuate
the hemodynamic perturbations produced by desflur-
ane need to be delineated.

The purpose of this study was to determine the effi-
cacy of two doses of the commonly used pre-induction
opioid fentanyl in attenuating the sympathetic activa-
tion and subsequent hemodynamic responses asso-
ciated with the administration of desflurane. In previous
studies, the administration of 10 ug- kg ' fentanyl be-
fore the administration of desflurane in patients un-
dergoing anesthesia for coronary artery bypass graft
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(CABG) surgery® was not associated with tachycardia,
hypertension, and myocardial ischemia seen in a sep-
arate study in which CABG patients were not pretreated
with opioids before the administration of desflurane.’
Because it is likely that desflurane will be employed
frequently in shorter surgical procedures and outpa-
tient procedures, smaller doses of fentanyl that might
be chosen as a part of the desflurane anesthetic regimen
were examined in the current study.

Methods and Materials

Institutional Research Review Board approval was
obtained before the initiation of this study. Thirty
healthy males, 20-34 yr of age, without systemic ill-
nesses, and not receiving any prescription medications
or taking illicit drugs were enrolled. Each subject fasted
for at least 8 h before participation and none had a
recent history of tobacco use. Volunteers provided
written informed consent and were randomized to re-
ceive either placebo (group 1,n = 10),a 2.5-ug-kg '
intravenous bolus of fentanyl citrate followed by a con-
tinuous infusion of 1 ug-kg™'-h™' (group 2, low-dose
fentanyl, n = 9), or a 5.0-ug-kg ' intravenous bolus
of fentanyl citrate followed by a continuous infusion
of 2 ug-kg '-h™' (group 3, mid-dose fentanyl, n =
11) before the administration of desflurane.

An 18-G catheter was placed in a forearm vein, and
7 ml-kg ' of normal saline was given over 10 min fol-
lowed by a 2.5-ml-kg™'-h™' infusion. Arterial blood
pressure (MAP) was measured via a 20-G catheter
placed in the radial artery. An 18-G catheter in the
superior vena cava via the external jugular vein was
used to determine central venous pressure (CVP). Heart
rate (HR) was determined from leads II and V5 of the
electrocardiogram (ECG). Forearm blood flow (FBF)
was determined by plethysmography whereby a Hg-in-
Silastic, temperature-compensated, strain gauge was
wrapped around the forearm and an upper arm blood
pressure cuff was cyclically inflated (8 s on, 8 s off) to
60 mmHg while venous outflow from the hand was
prevented with a wrist cuff. Forearm vascular resistance
(FVR) was calculated as the ratio of MAP to FBF. An
Ohmeda 5250 infrared respiratory gas monitor (Mad-
ison, WI) was employed for inspired and expired gas
monitoring and was calibrated before each study with
commercial tank standards.

The peroneal nerve was impaled to obtain recordings
of efferent sympathetic nerve activity (SNA) directed
to vascular smooth muscle of skeletal muscle blood
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vessels.”'" Briefly, the fibular head on the lateral aspect
of the lower extremity was palpated and the course
and location of the peroneal nerve that passes under
the bony prominence was mapped using an external
nerve stimulator. The site of maximum motor response
was used as a guide for the percutaneous placement of
two 32-G, epoxy-coated, tungsten needles. The refer-
ence needle was placed outside the nerve bundle, and
the recording needle was maneuvered into a nerve fas-
cicle. This was accomplished by delivering small elec-
trical impulses to the needle until a motor response
was observed in the distribution of the deep or super-
ficial peroneal nerve. Neural activity was then filtered,
amplified, and displayed on an oscilloscope. Charac-
teristic, spontaneous, pulse-synchronous, muscle sym-
pathetic nerve activity was sought by fine manipulations
of the needle within the muscle nerve fascicle as de-
scribed previously.”'?

Fentanyl infusions were maintained using a Bard in-
fusion pump (North Reading, MA). Plasma fentanyl
concentrations were determined by a commercially
available radioenzymatic assay (Upjohn). The coeffi-
cient of variation of the assay was 11%.

Protocol

Twenty minutes after placement of catheters and
needles, neurocirculatory data at conscious baseline
were averaged over a 5-min sampling period. In opioid
treatment groups, fentanyl was given through the pe-
ripheral intravenous catheter over 60 s, and 5 min later,
an additional 5 min of baseline data were obtained and
averaged. In an attempt to avoid hypoventilation and
hypercapnia in the fentanyl groups, verbal cues were
provided to maintain respiratory rate. Blood samples
for arterial blood gas determination and plasma fentanyl
concentration were taken after neurocirculatory mea-
surements in awake subjects, 10 min after the initial
fentanyl administration and at steady-state periods of
anesthesia when end-tidal desflurane concentrations
were 5.4% and 11%.

While the subjects breathed oxygen, 0.01 mg-kg™'
vecuronium was given (12 min after fentanyl admin-
istration) followed by 2 mg-kg ' propofol and 0.2
mg-kg ' vecuronium. Oxygen flow rates during in-
duction were kept at 6 1/min in a semiclosed circle
system, and ventilation was controlled by mask to
maintain end-tidal carbon dioxide concentrations at
conscious levels. Precisely 2 min after propofol ad-
ministration, desflurane was added to the inspired gas
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FENTANYL MODIFICATION OF DESFLURANE’'S RESPONSES

at 3.65%, increased 1 min later to 7.25%, and finally
increased to 11% during the 3rd min and maintained
at this level for an additional 7 min. Data were collected
continuously during the 10-min induction period. La-
ryngoscopy and tracheal intubation were performed,
ventilation was mechanically controlled with a com-
bination air (3 1/min) and oxygen (3 I/min) mixture,
and the vaporizer setting was reduced to deliver 5.4%.
Twenty minutes elapsed (30 min after propofol ad-
ministration) before subsequent recordings.

A 5-min data collection period at each of two steady-
state periods of desflurane administration and a 5-min
“transition’’ period were evaluated. These three mea-
surement periods were in the following sequence: (1)
steady-state end-tidal desflurane of 5.4% (0.75 MAC),
(2) “transition” immediately after the vaporizer was
advanced from 5.4% to 11%, and (3) 10 min after es-
tablishing end-tidal desflurane concentrations at 11%
(1.5 MAC). During each steady-state recording period,
alveolar ventilation was adjusted to achieve normocar-
bia as determined by end-tidal carbon dioxide mea-
surements and confirmed by arterial blood gas analyses.
Subjects receiving fentanyl were given 0.4 mg intra-
venous naloxone and 0.4 mg intramuscular naloxone
at the completion of the study.

Statistical procedures consisted of repeated measures
analysis of variance (ANOVA) to determine differences
between groups, differences over time, and interactions
between drug (fentanyl or placebo) conditions for the
induction transition and steady-state periods of obser-
vation. Dunnett’s ¢ tests were applied when differences
by ANOVA were identified. Paired and unpaired Stu-
dent’s 7 tests also were applied where appropriate, and
significance was assigned a P value of <0.05.

Results

Induction

At conscious baseline, there were no differences in
neurocirculatory variables between treatment groups
except for a significantly lower CVP noted in the pla-
cebo-treated group (table 1). Neither dose of fentanyl
altered resting variables (table 2).

The neurocirculatory responses to propofol admin-
istration are evident in the representative recordings
shown in figure 1 and are quantified in figure 2. Pro-
pofol administration was associated with significant
decreases in sympathetic outflow and blood pressure
and increases in HR. Fentanyl administration before
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propofol did not alter the SNA response to propofol
administration but did abolish the increase in HR during
induction, which was associated with a significantly
larger decrease in MAP in the fentanyl-treated groups
(fig. 2).

The initial administration of desflurane via mask led
to increases in SNA, HR, and blood pressure (figs. 1
and 3). This response began during the 3rd min after
initiating desflurane, when end-tidal desflurane con-
centrations averaged 6%. Because fentanyl altered the
carly hemodynamic effects associated with propofol
administration, the HR and blood pressure increases
associated with desflurane administration were initiated
from a lower baseline (fig. 2). Fentanyl did not reduce
the absolute magnitude of the HR and MAP increases
associated with desflurane when the changes were cal-
culated from the propofol baseline (table 3). However,
when measured from the awake baseline, HR responses
were significantly reduced in the fentanyl groups. Fen-
tanyl pretreatment did not diminish the activation of
the sympathetic nervous system associated with the
initial administration of desflurane (fig. 3). The acti-
vation was significantly enhanced in both fentanyl
groups when compared with the placebo response. This
augmented SNA response was temporally associated
with significant increases in CVP in the fentanyl groups
(fig. 3). Representative tracings from two subjects are
displayed in figure 1. Fentanyl pretreatment reduced
the HR response and delayed the MAP response but
augmented the sympathetic response to desflurane.

End-tidal desflurane concentrations during each min-
ute of induction did not differ between the three treat-
ment groups and are averaged and displayed in figure
3. Plasma fentanyl concentrations and arterial blood
gas tensions are provided in table 2. Arterial pco, and
end-tidal carbon dioxide concentrations during the ad-
ministration of desflurane did not differ between groups
and were within a physiologic range throughout the
experimental protocol.

Steady-state

When compared to conscious baseline, increasing
end-tidal concentrations of desflurane to 0.75 and 1.5
MAC were associated with significant linear and pro-
gressive increases in CVP and decreases in MAP and
nonlinear but progressive decreases in FVR (fig. 4).
These responses did not differ between treatment
groups. Steady-state recordings of SNA at 0.75 MAC
were unchanged from conscious baseline in all groups;
however, at 1.5 MAC, a significant increase in SNA was
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Table 1. Neurocirculatory Parameters at Conscious Baseline

Fentanyl, 2.5 ug/kg

Fentanyl, 5 ug/kg

Placebo +1pug-kg'-h' +2ug-kg'-h’
Heart rate (beats/min) 61 =2 58 + 2 62 + 2
Mean arterial pressure (mmHg) 93 + 2 91 +2 92 +2
Central venous pressure (mmHg) 44 +0.3" 6.6 + 0.6 5.6: 1.0
Forearm vascular resistance (mmHg/ml - min”"
<100 ml™") 30 = 383 36+ 5
Sympathetic nerve activity (total activityt) 105 + 106 + 22 115:+£ 17

Data are mean + SEM
* Significantly different from 2.5 ug/kg fentanyl, P < 0.05

t Total activity = (burst frequency/100 cardiac cycles) » mean burst amplitude (uV)

noted in the placebo group. Consistent with the pro-
gressive blood pressure decline, FVR decreased with
increasing desflurane administration.

Transition

At steady-state 5.4% desflurane, immediately before
the transition to 11% desflurane, there were no difter-
ences in neurocirculatory variables between the three
groups (fig. 5). In the placebo group, the rapid increase
in the inspired desflurane concentration from 5.4% to
11% was associated with significant increases in SNA,
HR, and MAP that peaked 3 min after the concentration
change. Both infusion rates of fentanyl diminished the
HR increase in response to the increased inspired des-
flurane concentration. The MAP response was signifi-
cantly inhibited by the administration of the larger fen-
tanyl dose. Similar to the induction period, sympathetic
activation was largest in the fentanyl treatment groups.
The enhancement of the SNA response in the fentanyl
groups did not differ and was associated with increases
in FVR and CVP (fig. 5).

Discussion

The current study evaluated the efficacy of fentanyl
in attenuating the sympathoexcitation and hemody-
namic perturbations associated with the administration
of desflurane. Fentanyl altered the neurocirculatory re-
sponses to desflurane in complex ways. Fentanyl de-
layed but did not diminish the magnitude of the in-
creases in blood pressure and HR and augmented the
sympathetic activation and increases in CVP. A similar
but more effective attenuation of the hemodynamic re-
sponses to desflurane (and a paradoxical augmentation
of the sympathetic response) was observed in the fen-
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tanyl-treated subjects during the “‘transition’™ period,
when the inspired concentration of desflurane was rap-
idly increased from 5.4% to 11%. This improved atten-
uation of the neurocirculatory response occurred at a
time when plasma fentanyl concentrations were less
(but perhaps receptor occupancy was greater) than the
induction period.

Fentanyl

The possibility that fentanyl might attenuate desflur-
ane-mediated tachycardia and hypertension has been
suggested in previously cited studies. A 10-ug-kg '
dose of fentanyl given before desflurane administration
in patients undergoing CABG surgery led to an un-
eventful perioperative course that did not differ on a
hemodynamic basis when compared to patients given
isoflurane.” In contrast, patients undergoing CABG sur-
gery who received desflurane without prior opioid ad-
ministration experienced significant hemodynamic re-
sponses and signs of myocardial ischemia that neces-
sitated aggressive 8 blocker and vasodilator therapy.’
These results suggest that 10 pug-kg ' fentanyl might
modify the cardiovascular responses to desflurane ad-
ministration. Because it is likely that desflurane will be
employed frequently in shorter surgical procedures and
outpatient procedures, smaller doses of fentanyl that
might be chosen as a part of the desflurane anesthetic
regimen were examined in the current study. A single
bolus of fentanyl is nearly eliminated from the plasma
in 60 min, therefore an infusion of fentanyl was initi-
ated immediately after the bolus dose to maintain
plasma levels of fentanyl within a therapeutic range
during the later stages of this protocol.'"'* The doses
of fentanyl employed in this study resulted in plasma
concentrations that were at the low end of the thera-
peutic range.
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Table 2. Arterial Carbon Dioxide and Plasma Fentanyl Concentrations

Steady-state Desflurane

Conscious 5 min after
Baseline Fentanyl 5.4% 1%
Pco, (MMHg)
Placebo 40 +1.2 41+13 41 +11 40+ 04
1 ug-kg™'-h™" fentanyl 43+ 04 47 415 40 + 0.9 40 = 1.2*
2 ug-kg'-h"' fentanyl 42 +0.8 42 +1.6 41 +0.9 41+1.0
Fentanyl (ng/ml)
1 ug-kg™'-h" fentanyl — 1.90 + 0.33 1.00 + 0.20 1.08 + 0.10
2 ug-kg'-h"' fentanyl — 3.51 + 0.47 1.68 + 0.34t 1.57 + 0.30t

Data are mean + SEM.
* Significantly different from conscious baseline, P < 0.05.
t Significantly different from fentanyl baseline, P < 0.05.

Administration of fentanyl before induction produced
relatively insignificant changes in neurocirculatory
variables. There was a small but significant increase in
Paco, in the low-dose fentanyl group despite verbal en-
couragement to maintain a constant respiratory effort.
The subtle increase in carbon dioxide did not have sig-
nificant effects on resting SNA, HR, and MAP. The ob-
servation that fentanyl did not reduce resting SNA is
consistent with existing data demonstrating that fen-
tanyl does not alter resting plasma concentrations of
norepinephrine'” or tonic levels of renal sympathetic
nerve activity.'" In contrast, it generally is accepted
that fentanyl reduces sympathetic surges associated
with noxious stimuli in a dose-dependent fashion.

Induction: Propofol

As shown previously by this laboratory, induction of
anesthesia by bolus administration of propofol inhib-
ited sympathetic neural outflow.'> This was associated
with significant reductions in blood pressure in all
treatment groups that ranged from 10 to 25 mmHg (figs.
1 and 2). It also has been demonstrated that hypoten-
sion after propofol administration is partly due to its
ability to relax both arterial and venous smooth muscle
tone.'® In the placebo group, HR increased more than
10 beats/min after the administration of propofol. Be-
cause sympathetic activity was inhibited during this
time, it is likely that withdrawal of cardiac-vagal activity
via baroreflex mechanisms (responding to the hypo-
tension) contributed to this response. The increase in
HR after propofol administration did not occur in the
fentanyl-pretreated groups, which was associated with
larger decreases in blood pressure when compared with
the placebo group. The enhanced blood pressure de-
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crease persisted for several minutes after the initial in-
halation of desflurane.

Induction: Desflurane

The administration of desflurane via mask began 2
min after induction of anesthesia with propofol. In the
placebo-treated group, a significant sympathetic acti-
vation was noted during the 3rd through 10th min after
adding desflurane to the inspired gas. This was asso-
ciated with increases in HR and blood pressure. The
onset of the sympathetic activation during induction
appeared to be delayed by several minutes when ret-
rospectively compared to a similar group of volunteers
induced with thiopental before desflurane administra-
tion.? This delay, which was similar in all three treat-
ment groups, may reflect a greater ability of propofol
to inhibit sympathetic outflow."®

In the placebo group, there was a progressive increase
in blood pressure during the first 7 min of desflurane
administration. This increase also occurred in the fen-
tanyl groups but was initiated several minutes later than
in the placebo group. Because the inhibition of sym-
pathetic nerve activity was similar in the three treat-
ment groups during the early induction period, the de-
layed blood pressure increase in the fentanyl groups
might be attributable to the lower HR associated with
the administration of fentanyl. When the data were ex-
pressed as peak individual change from the propofol
baseline (table 3), there were no discernible effects of
fentanyl on the maximal increases in HR and MAP as-
sociated with desflurane.

The sympathetic activation produced by desflurane
peaked between the 4th and 7th min after its initiation.
This was at a time when end-tidal desflurane concen-
trations were between 7.8% and 9.9%. During the final
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few minutes of the 10-min induction period, there was
a gradual decrease in sympathetic activity and corre-
sponding decreases in blood pressure and HR. These
later decreases in blood pressure may represent a direct
relaxation of vascular smooth muscle.

The onset of sympathetic activation in the fentanyl-
treated groups during the induction period followed
the same time course as the placebo group; however,
the magnitude of the response was larger than that
noted in the placebo group. In addition, CVP increases
were heightened simultaneous with the enhanced SNA
response in the fentanyl groups. There is no clear-cut
explanation for the greater sympathetic activation in
the fentanyl-treated groups compared to the placebo

105 95

group. One possibility might be that the combination
of desflurane’s ability to augment sympathetic outflow
along with the larger unloading of arterial barorecep-
tors secondary to fentanyl’s enhancement of the pro-
pofol-mediated hypotension led to a larger efferent
sympathetic response. This observation is not spurious,
because the enhanced SNA response occurred in both
fentanyl groups and an augmented SNA was again ob-
served in the fentanyl groups during the transition pe-
riod (fig. 5). These data suggest that peripheral re-
cordings of sympathetic vasoconstrictor traffic directed
to vasculature within skeletal muscle bear little rela-
tionship to sympathetic drive to the heart. For example,
HR increases occurred in the placebo-treated group

MAP Cvp
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Fig. 3. Average group induction responses (mean + SEM) of
muscle sympathetic nerve activity (SNA), mean arterial blood
pressure (MAP), heart rate (HR), and central venous pressure
(CVP). Desflurane was initiated 2 min after propofol admin-
istration. SNA total activity = burst amplitude X burst fre-
quency/100 cardiac cycles. *Significant interaction (by AN-
OVA) between the overall response in the fentanyl groups
versus placebo (P < 0.05). tSignificantly different values at a
given time between the placebo and fentanyl groups, P < 0.05.

during the first several minutes after desflurane admin-
istration at a time when sympathetic neural activity was
inhibited. Furthermore, large increases in SNA during
the later stages of desflurane administration in the fen-
tanyl-treated groups were associated with only minor
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increases in HR. The lack of a correlation of muscle
SNA with HR also may be due to the predominance of
cardiac vagal mechanisms in the regulation of HR in
humans.'”'® In contrast, there is a closer association
between muscle SNA and vascular tone. For example,
during the 2nd through 5th min of desflurane admin-
istration, sympathetic activation was maximal in the
fentanyl-treated groups and was associated with abrupt
increases in MAP and gradual increases in CVP (fig. 3).

Steady-state Responses

A similar, progressive decline in blood pressure at
increasing steady-state concentrations of desflurane was
observed in all three treatment groups. Heart rate was
unchanged at 0.75 MAC desflurane; however, consis-
tent with previous observations, 11% (1.5 MAC) des-
flurane was associated with an increased HR.2%! In-
terestingly, fentanyl did not have significant effects on
the increased HR at 1.5 MAC, suggesting that the higher
HR probably was not related to vagal or nociceptive
mechanisms but more likely due to small increases in
cardiac sympathetic outflow or circulating catechol-
amines. Consistent with our previous observation,? SNA
was increased at 11% desflurane anesthesia. Increases
in circulating norepinephrine also have been noted at
higher MAC of desflurane.®*" This sympathetic activa-
tion may be due to reflex mechanisms secondary to the
decreased blood pressure, or it may be due to an as yet
unexplored direct effect of desflurane on central sym-
pathetic outflow. Fentanyl did not attenuate the in-
creased sympathetic outflow at higher steady-state con-
centrations of desflurane.

Steady-state measurements of forearm vascular resis-
tance were progressively decreased with increasing MAC
of desflurane. This decline was unaltered by the coad-
ministration of fentanyl. The decrease in FVR simulta-
neous to large increases in SNA suggests that desflurane
has potent direct effects on vascular smooth muscle.

Transition

There were significant increases in SNA, HR, and MAP
during the first 5 min after the rapid increase in the
inspired desflurane concentration from 5.4% to 11%.
Compared to the placebo group, the fentanyl-treated
groups had attenuated HR and blood pressure responses
to this stimulus. The fentanyl group receiving 2
ng-kg '-h ' had virtually no change in HR or blood
pressure during this transition period. The sympathetic
nerve responses were not attenuated by the fentanyl
treatment. There were significant increases in sympa-
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Table 3. Peak Changes (from Propofol Baseline) during Desflurane Administration by Mask

2.5 ug/kg + 5 ug/kg +
Placebo 1 ug-kg'-h~' Fentanyl 2 ug-kg™'-h7" Fentanyl
A Heart rate (beats/min) 25+3 24+ 6 16 £ 6
A Mean arterial pressure (mmHg) 16 + 4 23+6 16 £ 3
A Sympathetic nerve activity (total activity”) 187 + 62 525 + 150t 578 + 112t
A Central venous pressure (mmHg) 0.6+0.5 3.1 £0.4¢% 2.0 07}
Data are mean + SEM, propofol baseline depicted in figure 2
* Total activity = (burst frequency/100 cardiac cycles) x mean burst amplitude (uV).
t Significantly different from peak placebo response, P < 0.05.
thetic outflow that exceeded the response in the pla- Mechanisms

cebo group and, associated with the increased SNA,
there were increases in FVR. Similar to our speculation
regarding this heightened response during the induc-
tion period, this increase in sympathetic outflow may
reflect the summation of two distinct mechanisms: a
direct effect of desflurane (by a currently undescribed
mechanism) to increase sympathetic outflow and a sec-
ond, additive effect via the baroreflex.

Steady-state responses
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Fig. 4. Average (mean + SEM) neurocirculatory responses at
steady-state. *Significant change (P < 0.05) from conscious
baseline in all groups. ¥Significant change from 5.4% for all
groups. tPlacebo response significantly changed from 5.4%
desflurane.
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This research has not delineated the mechanism(s)
of the sympathetic activation associated with the ad-
ministration of desflurane, but several new insights have
been provided. First, when examining the placebo-
treated group, sympathetic activation occurred during
both the initial mask administration of desflurane and

Transition Responses
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Fig. 5. Comparison of average group responses (mean + SEM)
of heart rate (HR), mean arterial pressure (MAP), sympathetic
nerve activity (SNA), central venous pressure (CVP), and fore-
arm vascular resistance (FVR) during the first 5 min of the
transition from 5.4% (0.75 MAC) to 11% desflurane. SNA total
activity = burst amplitude X burst frequency/100 cardiac cy-
cles. fSignificant change from respective value at 5.4% (P <
0.05). *Significant interaction (by ANOVA) between the overall
response in the fentanyl groups versus placebo (P < 0.05).
§Significant interaction (by ANOVA) between the overall re-
sponse in the high-dose fentanyl group versus placebo (P <
0.05). Significantly different values (P < 0.05) at specific points
in time are as follows: tplacebo versus fentanyl groups and
¥placebo versus 1 ug-kg ' -h ' fentanyl group.
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the transition from 5.4% to 11% in intubated subjects.
This indicates that exposure of the supraglottic struc-
tures, including the oropharynx, is not essential for
initiating a sympathetic response. Lower airway recep-
tors remain a possible activation site, which might be
consistent with the substantial pungency of this agent.
We?? and others®?!' have shown that brief exposure to
5% inspired concentrations of isoflurane also initiates
increases in sympathetic outflow, HR, and MAP. Thus,
higher inspired concentrations of these two structural
analogs are highly sympathoexcitatory.

A second possible site for mediating sympathoexci-
tatory responses might be within the central nervous
system. The rapid increase in the partial pressure of
desflurane into the CNS could cause a disinhibition of
central sympathetic outflow. Until an animal model is
found that responds to desflurane in a fashion similar
to that of humans, the mechanism of neurocirculatory
response to desflurane will remain only speculative.

Fentanyl was partially effective in reducing the he-
modynamic perturbations associated with the admin-
istration of desflurane. Maximum hemodynamic and
sympathetic nerve activation occurred after 4—5 min
of desflurane administration, when end-tidal concen-
trations were between 7% and 9%. Fentanyl did not
reduce but significantly augmented peripheral sym-
pathoexcitation associated with desflurane, and this had
little relationship to fentanyl's ability to reduce the
hemodynamic consequences of desflurane.
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