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Mechanisms whereby Propofol Mediates Peripheral

Vasodilation in Humans

Sympathoinhibition or Direct Vascular Relaxation?

B. J. Robinson, Ph.D.,* T. J. Ebert, M.D., Ph.D.,t T. J. O’Brien, M.D.,+ M. D. Colinco, M.D.,¥ M. Muzi, M.D.§

Background: Anesthetic induction and maintenance with
propofol are associated with decreased blood pressure that is,
in part, due to decreased peripheral resistance. Several possi-
ble mechanisms whereby propofol could reduce peripheral
resistance include a direct action of propofol on vascular
smooth muscle, an inhibition of sympathetic activity to the
vasculature, or both. This study examined these two possibilit-
ies in humans by measuring the forearm vascular responses
to infusions of propofol into the brachial artery (study 1) and
by determining the forearm arterial and venous responses to
systemic (intravenous) infusions of propofol after sympa-
thetic denervation of the forearm by stellate blockade (study
2).

Methods: Bilateral forearm venous occlusion plethysmo-
graphy was used to examine forearm vascular resistance (FVR)
and forearm vein compliance (FVC). Study 1 used infusion of
intralipid (time control) and propofol at rates between 83 and
664 pg/min into the brachial artery of 11 conscious persons
and compared responses to arterial infusions of sodium nitro-
prusside (SNP) at 0.3, 3.0, and 10 ug/min. Venous blood from
the infusion arm was assayed for plasma propofol concentra-
tions. In study 2, after left stellate block (12 ml 0.25% bupiva-
caine + 1% lidocaine), six participants were anesthetized and
maintained with propofol infusions of 125 and 200
pg- kg '-min . Simultaneous right forearm (unblocked)
blood flow dynamics served as the time control. In three addi-
tional conscious participants, intrabrachial artery infusions

of SNP and nitroglycerin, both at 10 ug/min, were performed
before and after stellate blockade of the left forearm to deter-
mine whether the sympathetically denervated forearm vessels
could dilate beyond the level produced by denervation alone.
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Results: In study 1, infusion of intralipid or propofol into
the brachial artery did not change FVR or FVC. Sodium nitro-
prusside significantly decreased FVR in a dose-dependent
manner by 22 + 5%, 65 + 3%, and 78 + 2% (mean + SEM) but
did not change FVC. During the incremental propofol infu-
sions, plasma propofol concentrations increased from 0.2 to
10.1 pug/ml and averaged 7.4 + 1.1 ug/ml during the highest
infusion rate. In study 2, stellate ganglion blockade decreased
FVR by 50 *= 6% and increased FVC by 58 + 10%. Propofol
anesthesia at 125 and 200 ug-kg '-min ' progressively re-
duced mean arterial pressure. In the arm with sympathetic
denervation, FVR and FVC showed no further changes during
propofol anesthesia, whereas in the control arm FVR signifi-
cantly decreased by 41 + 9% and 42 + 7%, and FVC increased
significantly by 89 + 27% and 85 + 32% during 125 and 200
mg-kg '-min ' infusions of propofol, respectively. In the
three additional conscious participants, intraarterial infusion
of SNP and nitroglycerin (ING) after the stellate blockade re-
sulted in a further decrease of FVR and a further increase of
FVC.

Conclusions: In contrast to SNP infusions, propofol infu-
sions into the brachial artery of conscious persons caused no
significant vascular responses, despite the presence of thera-
peutic plasma concentrations of propofol within the forearm.
The effects of propofol anesthesia on FVR and FVC are similar
to the effects of sympathetic denervation by stellate ganglion
blockade. Thus the peripheral vascular actions of propofol
appear to be due primarily to an inhibition of sympathetic
vasoconstrictor nerve activity. (Key words: Anesthetics, intra-
venous: propofol. Measurement
graphy: forearm blood flow.)

techniques, plethysmo-

INDUCTION and maintenance of anesthesia with propo-
fol are associated with decreased arterial blood pressure.
Several studies suggest that the mechanisms of hypoten-
sion are propofolmediated decreases in preload, cardiac
output, and contractility."* In contrast, other studies
have reported propofol-mediated decreases in afterload
and systemic vascular resistance.’ ® We have previously
described decreases in forearm vascular resistance (FVR)
and increases in forearm venous compliance (FVC) dur-
ing propofol anesthesia in humans.®' These observa-
tions indicate that arteriolar and venous dilation contrib-
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ute to the hypotension associated with propofol. The
precise mechanism(s) that contributes to the decreased
vascular resistance with propofol is unclear. We and oth-
ers have reported that induction of anesthesia with pro-
pofol is associated with a sudden cessation of peripheral
sympathetic (vasoconstrictor) nerve activity.”'' ~'* There-
fore, vasodilation could be due to the inhibition of tonic
or baroreflex control (or both) of sympathetic outflow
and vasoconstriction. However, in animals, propofol has
been shown to act directly on vascular smooth muscle.
In vitro preparations of arteries and veins from rats,
rabbits, and dogs show vasorelaxation when exposed to
propofol, and the endogenous vasodilator nitric oxide
may be involved in the response.'” *' In addition, it ap-
pears that veins may be more sensitive than arteries to
propofol.' "’

This study tests two hypotheses: first, that propofol
has direct actions on peripheral blood vessels, and sec-
ond, that the vascular effects of propofol are due, in
part, to inhibition of peripheral sympathetic vasocon-
strictor activity. Accordingly, the aim of the present
investigations was to evaluate the contributions of pro-
pofol-mediated sympathetic inhibition and direct vascu-
lar relaxation that cause a decreased FVR and increased
FVC in humans. In one study, participants received pro-
pofol by microinfusions of subhypnotic doses directly
into the brachial artery. This in situ method allows
therapeutic concentrations of propofol to be estab-
lished within the arterial and venous beds of the fore-
arm. Centrally mediated effects of propofol are mini-
mized because the venous outflow from forearm arterial
microinfusions are diluted within the total-body circula-
tion and are rapidly metabolized and distributed. Mea-
surements from the opposite forearm serve as a control.
The arterial effects of propofol were compared with
microinfusions of another arterial vasodilator, sodium
nitroprusside (SNP).

In the second study, the left forearm was sympatheti-
cally denervated (by stellate ganglion blockade) to com-
pare the forearm vascular effects of intravenous anes-
thetic (maintenance) doses of propofol with the re-
sponses in the unblocked forearm on the contralateral
side. If propofol has direct vascular effects to produce
vasodilation, then comparable decreases in FVR and in-
creases in FVC should be observed in each forearm.
Conversely, if the vascular effects of propofol are pre-
dominantly mediated by an inhibition of sympathetic
vasoconstrictor outflow, the denervated forearm would
show no further increase in blood flow during propofol
anesthesia.
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Materials and Methods

Study 1: Brachial Artery Infusion of Propofol

After the institutional research review board gave its
approval, informed consent was obtained from 11
healthy persons (age: 21-29 years; weight: 61 -82 kg;
sex: nine men, two women) with no systemic illness
and who were not taking prescription medications or
illicit drugs. After local infiltration with 0.5 ml 1% lido-
caine, a 20-gauge catheter was placed in the brachial
artery of the study arm to infuse drugs and to measure
mean arterial pressure. The other (noninfusion) arm
served as the control and did not have an arterial cathe-
ter. Two 18-gauge catheters were placed in superficial
veins of each forearm to measure venous blood pres-
sure. The distal lumens of the catheters were positioned
so that pressure would be sensed at the upper forearm
in close proximity to the strain gauge used for plethys-
mography. Participants received sequential brachial ar-
tery infusions of saline, intralipid, and propofol (83,
166, 332, and 664 pg/min), and, after a 10-min recovery,
SNP (0.3, 3, and 10 pg/min). Each infusion rate was 5
ml/min for 15 min. Measurements of forearm blood
flow (FBF), FVC, and skin blood flow (SBF) were made
during the last 5 min of each infusion. The propofol
infusion rates were calculated to achieve plasma con-
centrations within the brachial arterial and forearm ve-
nous system similar to the reported therapeutic ranges
of propofol (2 -6 pg/ml).>*** Blood samples were drawn
from the venous catheter of the infusion arm of six
participants at the end of each propofol dose to deter-
mine plasma propofol concentrations. The SNP brachial
artery infusion rates were chosen based on a previous
study.*

Study 2: Propofol Anesthesia with Stellate

Ganglion Blockade

After the institutional research review board gave its
approval, informed consent was obtained from six
healthy men (age: 19 - 25 years; weight: 64 - 84 kg) with
no systemic illness and who were not taking prescrip-
tion medications or illicit drugs. A 20-gauge catheter
was placed in the radial artery of the right arm to mea-
sure mean arterial pressure. Two 18-gauge catheters
were placed in superficial veins of each forearm to mea-
sure venous blood pressure, and an 18-gauge catheter
was placed in a foot or ankle vein to administer saline
solution and anesthetics. Skin temperature probes were
placed on a finger tip of each hand. After baseline FVR,
FVC, and SBF measurements were taken, left stellate

r—
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ganglion blockade was performed (12 ml of 2% lido-
caine and 0.125% bupivacaine injected at the C7 level).
Left-sided stellate blocks were selected to avoid cardiac
dysrhythmias that occur more frequently with right-
sided stellate blockade.”*° Measurements of FVR, FVC,
and SBF were repeated 15 minutes after the stellate
blockade was performed. Adequacy of the stellate block
was confirmed by an increase in the finger skin tempera-
ture to more than 34°C. Anesthesia was induced with
2.5 mg/kg propofol, and 0.1 mg/kg vecuronium was
given. After tracheal intubation, the lungs were venti-
lated with 100% oxygen and normocarbia was main-
tained. Propofol anesthesia was maintained using infu-
sion rates of 125 and 200 pg-kg '-min ' propofol, in
random order. Twenty min after starting the propofol
infusion or changing the propofol infusion rate, FBF,
FVC, and SBF were recorded and an arterial blood sam-
ple was drawn to determine plasma propofol levels.

I'he Effect of Vasodilators and Stellate Ganglion

Blockade

To determine whether the sympathetically dener-
vated forearm vessels could dilate beyond the level pro-
duced by denervation alone, three additional partici-
pants (men, ages 20-31 y) were enrolled and forearm
arterial and venous responses to incremental intrabrach-
ial artery infusions of SNP (10 pg/min) and nitroglycerin
(10 pg/min) were examined before and after stellate
blockade of the left forearm. These persons also served
to confirm the persistence of the sympathetic blockade
for more than 1.5 h, thereby increasing the likelihood
that the responses to propofol in study 2 reflect direct
effects secondary to a maintained sympathetic block.

Forearm Vascular Measurements

Sequential determinations of FBF and FVC were made
simultaneously in both forearms using venous occlusion
plethysmography with mercury-in-Silastic strain gauges,
a plethysmographic balancing system and amplifier, and
a rapid cuff inflater (DE Hokanson, Issaquah, WA).
These techniques have been described and reviewed
elsewhere.”'"*" Briefly, both arms were elevated and
passively supported above the height of the right atrium
to ensure adequate venous drainage between measure-
ments. Inflatable blood pressure cuffs were placed
about both wrists and upper arms and a strain gauge
was placed around each forearm at the region of great-
est circumference. Forearm blood flow was measured
by calculating the rate of the increase in forearm volume
during inflation of the cuffs to 50 mmHg for 10-s peri-
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sistance (FVR), Forearm Venous Compliance (FVC), and Skin Blood Flow (SBF) during

Table 1. Changes from Saline Infusion in Forearm Vascular Re

Brachial Artery Infusions of Propofol and SNP

SNP Infusion Rate (ug-min ')

Propofol Infusion Rate (ug-min ')

(or time control, no infusion)

(or time control, no infusion)

83 166 3382 664 0.3 3.0 10.0

Intralipid

Saline Infusion

Change from

saline infusion

FVR (mmHg-ml -

21 =+ 2

=11[8ls= 2%
—0.2 = 0.3

=7/ 2= 3J°
0.3

1

S

+ 1
0.1+ 0.3

21

100 ml - min)
FVC (ml-mmHg )

SBF, infusion

=05 == (0.8

0.3

= (05

0.2

0.6 0.5+ 04

012 == (03] 0.8

+ 0.9

6.1

arm:noninfused
arm ratio

=018} == (007 0.16 + 0.07 0.12 + 0.08 0.03 = 0.07

05152007

0.01 = 0.01

s 0.08==0107

—0.06 + 0.11

1.13 + 0.08

* P < 0.0001, significant change from saline infusion, ANOVA.
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ods. Forearm vascular resistance was calculated by di-
viding mean arterial pressure by FBF. Forearm vascular
compliance was derived by inflating the cuffs to 30
mmHg for an extended period until forearm vein pres-
sure had stabilized. The change in forearm volume was
measured 30 s after the plateau of venous pressure to
increase the likelihood that both deep and superficial
vein pressures had stabilized*®; FVC was calculated by
dividing the change in forearm volume by the change
in venous pressure. Finger SBF was qualitatively mea-
sured as the pulse wave amplitude using infrared photo-
plethysmographic sensors (Grass Instruments, West
Warwick, RI) that were applied to the middle fingers
of both hands.” Pulse wave amplitudes were adjusted
to be equal for both hands during baseline measure-
ments. Relative skin vasodilation was expressed as the
ratio of the pulse wave amplitudes of the treatment
forearm (Z.e., brachial infusion or stellate blockade) to
that of the control forearm; for example, a ratio more
than 1 indicated SBF greater in the treatment forearm
than in the control forearm.

Statistics

Data were analyzed using analysis of variance (Stat
View 4.02; Abacus Concepts, Berkeley, CA) and P <
0.05 indicated statistical significance. Data are reported
as mean = SEM.

Results

Study 1: Brachial Artery Infusion of Propofol

None of the participants reported pain or discomfort
during the brachial artery infusions of propofol. Data
are summarized in table 1. Infusion of intralipid or pro-
pofol into the brachial artery did not change FVR, FVC,
or SBF. Brachial artery infusions of 0.3, 3, and 10 ug/
min SNP decreased FVR by (mean = SEM) 7 + 1, 18 *
2,and 21 = 2 mmHg - ml ' - 100 ml/min ', respectively
(P < 0.0005), but did not affect FVC. There were no
significant changes in FVR or FVC in the control fore-
arm. Figure 1 shows the percentage changes in FVR
from saline infusions. There were no significant changes
in the ratios of the photoplethysmographic wave ampli-
tudes. Plasma propofol concentrations measured in
forearm venous blood sampled during forearm arterial
propofol infusions ranged from 0.2 to 10.1 pg/ml and
were dose dependent (fig. 2). There were no significant
correlations between plasma propofol concentrations
and FVR, FVC, and SBF.
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Fig. 1. Change in forearm vascular resistance (FVR) during
brachial artery infusions of intralipid, propofol, and sodium
nitroprusside (SNP). Intraarterial infusions of propofol did
not change FVR, whereas intraarterial infusions of SNP sig-
nificantly reduced FVR. Data are expressed as the percentage
change from saline and are shown as mean = SEM. *P < 0.05
indicates significant change from saline.

Study 2: Propofol Anesthesia after Left Stellate

Ganglion Blockade

The effects of stellate blockade and propofol anesthe-
sia are summarized in table 2. Stellate ganglion blockade
decreased FVR by 14 = 2 mmHg-ml ' 100 ml- min '
(P < 0.0001) and increased FVC by 2.1 = 0.3 ml/mmHg
(P < 0.0001). Skin blood flow as assessed by the ratio
of stellate to control photoplethysmographic wave am-
plitudes nearly doubled after stellate blockade (P <
0.05). Left stellate ganglion blockade significantly in-
creased right (control) arm FVR by 5 mmHg - ml ' - 100
ml-min~' (P < 0.005). General anesthesia with propo-
fol at 125 and 200 pug-kg '-min ' reduced mean arte-
rial pressure from 85 * 3 mmHg to 69 = 5 and 66
+ 4 mmHg, respectively (P < 0.01). Arterial plasma
propofol concentrations were measured at 5 + 0.7 ug/
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Forearm Venous Propofol
Concentration (ug/mL)

10 T

J : & N % S % 3 & N 4%
0 83 66/ T332 N HE6a
Intra-Arterial Infusion Rate (ug/min)

Fig. 2. Venous plasma propofol concentrations measured from
the forearm during brachial artery infusions. Data are shown
as mean = SEM.

ml and 6.9 = 0.6 pg/ml during systemic propofol infu-
sions at 125 and 200 pg-kg '-min respectively.
Heart rate was unchanged (from 64 = 6 bpm to 62 =+

4 and 63 + 4 bpm, respectively). In the stellate ganglion
blockade arm, FVR and FVC were not significantly dif-
ferent from preinduction (poststellate) values during
propofol anesthesia. In the control (unblocked) arm
during the 125 and 200 pg-kg '-min ' propofol infu-
sions, FVR significantly decreased by 16.4 * 5.4
ool o 00 srolewier - el 75 = 6
mmHg - ml - 100 ml- min ', respectively (P < 0.005),
and FVC significantly increased by 2.4 * 1.2 ml/mmHg
and 1.5 + 0.6 ml/mmHg, respectively (P < 0.05). Skin
blood flow ratios did not change during propofol anes-
thesia. The changes, expressed as percentages of base-
line, in FVR and FVC after stellate ganglion blockade
and during propofol anesthesia are shown in figure 3.
The percentage of FVR changes from baseline were
significantly different between blocked and unblocked
arms during both rates of propofol infusion; FVR de-
creased by 59 £ 7% and 60 *+ 6% in the arm with
sympathetic denervation, whereas in the control arm
the decrease was 37 + 9% and 38 + 10%, respectively
(P < 0.04). The increases in FVC during propofol anes-
thesia were not different in the control and sympathetic
denervation arms.

Ihe Effect of Vasodilators and Stellate Ganglion

Blockade

Before the stellate blockade, FVR decreased in all
participants from a baseline of 242 =+ 6.4
mmHg-ml"'+100 ml'min"' to 78 =+ 1.5
mmHg-ml '+ 100 ml- min ' during a 10-pg/min infu-
sion of SNP, and FVC increased from a baseline of
5.9 = 0.2 ml/mmHg to 7.6 £ 0.9 ml/mmHg during
a 10-pg/min infusion of nitroglycerin. The sympa-
thectomy resulting from the stellate ganglion block-

Table 2. Changes from Baseline in Forearm Vascular Resistance (FVR), Forearm Venous Compliance (FVC), and Skin Blood

Flow (SBF) in Stellate Blockade Arm and Control Arm

Propofol Infusion Rate
Poststellate Blockade

Baseline (change from baseline) 125 pg-kg-min™! 200 pg-kg-min

FVR (mmHg-ml " 100 ml - min)

Stellate blockade arm 281513 4= I78=-038% iz Sh

Control arm 46 + 5 5) s B} =1® 2= a7 —18 + 6%,
FVC (ml-mmHg )

Stellate blockade arm 3.9 + 0.8 241 a2 (01ek 6810 8> 1.5 == 018y

Control arm UTEER0D —(0i3 =104 2 s Gl 15 25 O
SBF, stellate blockade arm:control arm ratio 0.97 + 0.11 0.88 + 0.47* —0.08 + 0.18 =(01als) == @117/

Data are shown following stellate blockade but prior to induction of anesthesia, and following induction of anesthesia, at two infusion rates of anesthesia.

P < 0.05, significant change from baseline, ANOVA.
T P < 0.05, significant change from poststellate, ANOVA.
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FVR, % A from baseline
251 -
I E Stellate Blockade Arm
O Control Arm

=257

=501

=75~

100+
FVC, % A from baseline

75 4 T T

Stellate 125 200
Blockade  Propofol (ug/kg/min)

Fig. 3. Percentage changes from awake baseline in forearm
vascular resistance (FVR) and forearm venous compliance
(FVC) in the left arm after stellate blockade and in the control
unblocked arm before and during propofol anesthesia. Stellate
blockade decreased FVR and increased FVC on the side of the
blockade. During propofol anesthesia, there was no further
arterial or venous dilation in the sympathectomized arm, but
significant dilation occurred in the unblocked control arm.
Data are mean * SEM. *P < 0.05 indicates significant difference
between arms. tP < 0.05 indicates significant change from
prepropofol baseline.

ddendeetedscd ™ restinet "EVR" ‘fo' 1218 "= 2.6
mmHg-ml '+ 100 ml-min ' and increased resting
FVC to 7.4 = 0.2 ml/mmHg. Arterial infusion of SNP
(10 pg/min) after the stellate blockade further de-
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creased FVR in all participants to 4.5 = 0.1
mmHg-ml '+ 100 ml-min ', and a 10-ug/min arte-
rial infusion of nitroglycerin further increased FVC
after stellate block to 9.2 = 1.2 ml/mmHg. The ef-
fects of the stellate block were observed to last for at
least 100 min, at which time finger skin temperatures
were still higher than 34°C. Finger skin temperature
peaked at 34.5 = 0.6°C within 15 min after per-
forming the block.

Discussion

This study examined the mechanisms contributing
to decreased vascular resistance and blood pressure
after administering propofol anesthesia to human
volunteers. We tested two hypotheses. First, that
propofol acts directly on peripheral blood vessels.
This was evaluated with infusions of propofol di-
rectly into the brachial artery. We did not observe
any arterial or venous responses to propofol at thera-
peutic concentrations in the forearm. Our second
hypothesis was that the vascular effects of propofol
were due, in part, to inhibition of peripheral sympa-
thetic vasoconstrictor activity. We observed that the
forearm arterial and venous vasodilation responses
to intravenous propofol anesthesia were similar to
the effects of stellate ganglion blockade. In addition,
there was no further enhancement of vasodilation
within the sympathetically blocked forearm during
propofol anesthesia, although we showed that in-
creased vasodilatation is possible in the sympatheti-
cally denervated arm in response to the vasodilators,
SNP, and nitroglycerin. Thus the mechanism of pro-
pofol-mediated arterial and vein dilation is more
likely due to an inhibition of tonic sympathetic vaso-
constrictor outflow”'' "' than to direct vascular re-
laxation.

Animal investigations using in vitro methods have
suggested that propofol acts directly to relax smooth
muscle and that propofol is a more potent dilator of
veins than arteries.'*"” Other studies have suggested
that these effects are mediated by the actions of propo-
fol on the endothelium, which stimulates nitric oxide
release,'"**! or by the modulation of endogenous nor-
epinephrine release and neuroeffector coupling.’” Sev-
eral explanations are possible for the inconsistency of
our findings and those of the reported in vitro prepara-
tions. The vascular effects of propofol have been shown
in vitro only when tissue perfusion propofol concentra-
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tions exceed therapeutic concentrations."* '’ Further-

more, in vitro studies that have reported vasodilation
with propofol at perfusate concentrations similar to
therapeutic concentrations (e.g., 10> M) have not com-
pensated for the usual protein binding of propofol. The
clinically relevant plasma concentrations of propofol
range from 2-10 pg/ml (Z.e., approximately 1-5 X 10>
M), of which approximately 97 - 99% of propofol is pro-
tein bound.’" Other limitations of published in vitro
studies that may explain the disparity between results
include the use of vascular rings from large conducting
arteries that might not reflect the actions of propofol
on the smaller arterioles and precapillary sphincters that
control vascular resistance, and the unclear issue of
species differences.

The use of brachial artery infusions obviates many
problems with in vitro studies. In the brachial artery
infusion study, we measured the response in humans
and assayed plasma propofol in the forearm vein to
verify that therapeutic concentrations were achieved in
the forearm and in the presence of usual propofol-
plasma protein binding. Although we are unaware of
any reports of deliberate administration of propofol into
human arteries, our dose-escalating, pilot studies re-
vealed no untoward effect of intraarterial infusions. Ac-
cidental intraarterial injections of large concentrations
of propofol have been reported in several cases and,
apart from complaints of severe pain on injection and
transient decreases in blood flow, no significant or per-
manent complications occurred.** > None of our parti-
cipants reported discomfort during the propofol infu-
sions, and no adverse sequelae occurred, which proba-
bly reflects the small infusion concentrations and the
likelihood that endothelial injury in arteries exposed to
propofol did not occur.*

Induction of anesthesia with propofol has been associ-
ated with a decreased mean arterial pressure associated
with marked reductions of efferent muscle sympathetic
nerve activity and plasma catecholamines.”'' '® This re-
duction of sympathetic nerve activity is a result of de-
creases in both the tonic level of sympathetic activity
and the baroreflex control of sympathetic nerve activ-
ity.”' The present study indicates that the reduction
of peripheral sympathetic vasoconstrictor activity is an
important mechanism for the vasodilation associated
with propofol anesthesia. Sympathetic inhibition leads
to both arterial and venous dilation that can reduce
systemic vascular resistance and venous return to the
heart.?”

We note several findings that were not central to
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our research goals. First, we observed that SNP de-
creased FVR without changing SBF as detected with
finger photoplethysmography. Because FBF is primar-
ily skeletal muscle blood flow, these data suggest that
either SNP dilates muscle but not skin arterial vessels,
or that high skin sympathetic vasoconstrictor tone,
which has been observed in conscious research parti-
cipants,’® effectively opposes or overrides the direct
vasodilatory effect of SNP. During study 2, when pro-
pofol was given systemically, the increase in SBF par-
alleled the increased FBF, as reported in other stud-
ies,'"*” and this finding would be consistent with a
sympathoinhibitory effect of propofol. We also ob-
served that FVR increased in the right control arm
after left stellate blockade. This may be due to a reflex
or compensatory mechanism that increases periph-
eral sympathetic vasoconstrictor activity in the intact
limb, as recently described."’

Reduced vascular resistance due to sympathoinhibi-
tion is probably involved in sustained hypotension
during maintenance of propofol anesthesia. In rats,
reduced renal sympathetic nerve activity follows the
onset of hypotension, which may suggest that the
early phase of decreased blood pressure when anes-
thesia is induced with propofol is cardioinhibitory.*'
In patients anesthetized with propofol during bypass
surgery, reduced systemic vascular resistance, rather
than decreased cardiac output, ventricular filling
pressures, and increased venous capacitance, has
been suggested as the major cause for the decreased
blood pressure.®**

There are certain physiologic and pathologic disease
states that are associated with increased sympathetic out-
flow."* The present research indicates that sympathoinhib-
ition contributes importantly to the hemodynamic conse-
quences of propofol anesthesia. In the face of increased
sympathetic outflow, it is conceivable that the sympa-
thoinhibitory effects of propofol might result in exagger-
ated hemodynamic consequences. Thus clderly patients,
patients with cardiac disease, and those who are anxious
might be prone to greater decreases in blood pressure
with propofol. This is particularly important because, in
contrast to in vitro studies in animals, our data indicate
that propofol did not have direct effects on arterial or
venous vascular smooth muscle.
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