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Sympathetic and Hemodynamic Effects of Moderate and
Deep Sedation with Propofol in Humans
Thomas J. Ebert, M.D., Ph.D.*

Background: The objective of this study was to determine the
mechanisms involved in the hypotension associated with sed-
ative doses of propofol in humans.

Methods: Ten healthy volunteers (aged 21–37 yr) participated
on two occasions and in random order received placebo or
propofol infusions. Standard monitoring and radial artery
blood pressure were combined with measurement of forearm
blood flow (plethysmography) and derivation of forearm vas-
cular resistance, recording of peroneal nerve sympathetic ac-
tivity, and blood sampling for norepinephrine concentrations.
A computer-controlled infusion pump delivered placebo or two
concentrations of propofol, adjusted to achieve moderate and
deep sedation based on the Observer Assessment of Alertness/
Sedation score (responsiveness component) of 4 and 3. Level of
sedation was quantitated using bispectral analysis of the elec-
troencephalogram. Baroreflexes were assessed with a hypoten-
sive challenge via administration of sodium nitroprusside.

Results: Baseline neurocirculatory and respiratory parame-
ters did not differ between sessions. Progressive infusions to
achieve moderate and deep sedation resulted in average Bispec-
tral Index values of 70 and 54, respectively. Propofol signifi-
cantly reduced sympathetic nerve activity at both levels of se-
dation and decreased norepinephrine and forearm vascular
resistance at deep sedation. These effects resulted in significant
decreases in mean blood pressure of 9% and 18% at moderate
and deep sedation, respectively. Propofol also reduced reflex
increases in sympathetic nerve activity.

Conclusions: These data from healthy subjects indicate that
sedation doses of propofol, which did not compromise respi-
ratory function, had substantial inhibitory effects on sympa-
thetic nerve activity and reflex responses to hypotension result-
ing in vasodilation and significant decreases in mean blood
pressure.

IN the United States, 50–70% of surgical procedures are
performed in outpatient, ambulatory settings. These pro-
cedures often require moderate to deep sedation to
ensure the patient’s comfort. Propofol commonly is used
to accomplish sedation goals in the operating room, and
this has engendered a growing interest from nonanes-
thesia providers in using propofol rather than conven-
tional opioid–benzodiazepine combinations for sedation
in the outpatient setting. A concern, however, has been
the possibility of oversedation and respiratory compro-
mise due to the rather narrow therapeutic window af-
forded by propofol. The growing literature describing
the use of propofol for sedation outside of the operating

room by nonanesthesia personnel has described another
serious side effect, namely hypotension.1–3 Sedative
doses of propofol have larger effects on blood pressure
(BP) when compared with midazolam, another com-
monly used sedative agent; however, the mechanism of
this heightened response has not been explored.4,5

In previous work from our laboratory, larger (general
anesthetic) doses of propofol have lead to substantial
inhibition of sympathetic nerve activity (SNA) and de-
creases in plasma norepinephrine concentrations in hu-
mans.6,7 The current study used targeted, controlled
infusions of propofol in healthy volunteers to achieve
moderate to deep sedation. We sought to determine
whether sympathetic nervous system inhibition would
be present at sedation doses of propofol. In addition,
baroreflex responsiveness was evaluated during sedation
because previous work with general anesthetic doses of
propofol revealed profound disturbances in the reflex
control of SNA.7

Materials and Methods

After approval by the Human Research Review Com-
mittee (Veterans Affairs Medical Center, Milwaukee, Wis-
consin), written informed consent was obtained from
healthy volunteers (aged � 40 yr; American Society of
Anesthesiologists physical status of I) to participate on
two occasions to receive placebo or propofol in a ran-
domized fashion. Volunteers were blinded to the treat-
ment. Heart rate (HR; two-lead electrocardiogram), oxy-
gen saturation (pulse oximetry), level of sedation
(Bispectral Index, A1050 BIS® monitor; Aspect Medical
Systems, Newton, MA), and respiratory rate and end-tidal
carbon dioxide with capnography (infrared spectrome-
try) via a nasal cannula were monitored. BP was moni-
tored with a radial arterial line.

Baroreflex testing was performed by administration of
an infusion of 0.5 �g � kg�1 � min�1 sodium nitroprus-
side over 2.5 min, with sampling of HR, BP, and SNA
during the last 60 s. The dose of sodium nitroprusside
was then increased to 1.0 �g � kg�1 � min�1, and after
90 s, another 60-s data sample was acquired.8 The sam-
pling rate was 250 Hz per channel. Data during each 60-s
data collection were averaged. Linear regression analyses
of the average SNA and diastolic pressure at baseline and
low-dose and high-dose infusions of sodium nitroprus-
side provided the calculated peripheral baroreflex slope.
Similarly, linear regression analyses of the average HR
and mean arterial pressure at baseline and low-dose and
high-dose infusions of sodium nitroprusside provided
the calculated cardiac baroreflex slope.
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Microneurography was used to directly measure mus-
cle SNA. To do this, the lower leg was supported and
cushioned. The bony prominence at the proximal head
of the fibula on the lateral aspect of the leg was identified
and marked. Brief, external, electrical impulses (1 Hz,
3–7 mA, constant current stimulator) were delivered via
a small, metallic probe below this mark until a muscle
twitch could be seen distal to the site, thereby identify-
ing the location of the peroneal nerve. The skin was then
cleansed, and two epoxy-coated tungsten needles with
3- to 5-�m exposed tips (TMI Electronics, Iowa City, IA)
were inserted. One needle was advanced to an area near
the site of the peroneal nerve, and the second needle
was advanced into the peroneal nerve. The placement of
the second needle within the peroneal nerve was veri-
fied with the application of brief impulses (1 Hz, 0.03–
0.05 mA) to the needle. These electrical stimuli elicit
distinct muscle contractions in the distribution of the
deep or superficial peroneal nerve when a nerve fascicle
that innervates skeletal muscle has been entered. The
stimulus was halted, and neural activity was amplified
(100,000�), rectified, and integrated. A custom-made
preamplifier used common-mode rejection to remove
unwanted signals (noise) simultaneously received by
both needles (e.g., 60-Hz noise).

The neural signal was then fed through a variable
band-pass filter (typically 200–2,000 Hz). Characteristic
integrated “bursts” of muscle sympathetic efferent activ-
ity were sought by fine manipulations of the needle
within the nerve fascicle. The identity of these bursts
and their distinction from skin sympathetic efferent
nerve activity have been described in detail elsewhere.7

Briefly, muscle SNA is pulse synchronous and can be
increased during prolonged breath holding by phases II
and III of the Valsalva maneuver and by drug-induced
hypotension.

Forearm blood flow (FBF) was determined by venous
occlusion plethysmography. In the supine position, the
elbow (opposite to the infusion arm) was slightly flexed,
and the arm was supported underneath the elbow and at
the wrist to be above heart level to ensure adequate
venous drainage before and between measurements. Un-
inflated BP cuffs were placed about the wrist and upper
arm, and a double-stranded, mercury-in-Silastic, temper-
ature-compensated strain gauge was placed around the
forearm at its greatest girth (DE Hokanson, Issaquash,
WA). The underlying principle of this technique is that
the initial rate of expansion of the forearm during venous
occlusion is proportional to the rate of arterial inflow.9,10

Arterial occlusion at the wrist via cuff inflation to supra-
systolic pressure of 250 mmHg was used during FBF
measurements to exclude the hand circulation from
measurements. FBF was determined by automated, cus-
tom-written software that calculated the rate of the in-
crease (slope) in forearm volume during inflation of the
upper arm cuff to 50 mmHg for 8-s periods. Inflations

were repeated six times during each data acquisition
period. The six slopes were visually verified by a trained
member of the research team and were averaged to
obtain a single value of FBF for that time period. Forearm
vascular resistance was calculated by dividing mean ar-
terial BP by FBF.

Volunteers participated on two separate occasions and
received either placebo or two targeted, effect site con-
centrations of propofol (1 and 2 �g/ml) delivered by a
programmed (StanPump, Stanford, CA), computer-con-
trolled infusion pump (Harvard Pump, Holliston, MA).
The selected target levels were adjusted to achieve mod-
erate and deep sedation, respectively, based on the re-
sponsiveness component of the Observer Assessment of
Alertness/Sedation scale of 4 and 3.11 This involved pre-
sentation of progressively more intense stimuli to the
volunteer, with a score of 4 representing a lethargic
response to the volunteer’s name spoken in a normal
tone, termed in this article moderate sedation, and a

Fig. 1. Bispectral analysis (index) of the electroencephalogram
and respiratory parameters (respiratory rate; oxygen satura-
tion; end-tidal carbon dioxide). There were small but significant
changes in end-tidal carbon dioxide and oxygen saturation,
whereas the Bispectral Index demonstrated a significant level of
sedation achieved with both levels of propofol. Data are presented
as mean � SEM. * Significant change from baseline (P < 0.05).
† Significantly different response from placebo (P < 0.05).
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score of 3 representing a response only to loud or re-
peated name calling, termed deep sedation.

After all monitors were applied, a 10-min quiet rest
period was observed, followed by a 3-min period of
baseline measurements consisting of Bispectral Index,
BP, HR, respiratory rate, FBF, end-tidal carbon dioxide,
oxygen saturation, SNA, and blood sampling for baseline
norepinephrine. This was followed with a 10-min period
to obtain baroreflex data. A 12-min recovery was ob-
served, after which propofol or placebo (saline) was
infused via a computer-controlled pump to each of two
sedation levels. The data collection was repeated 2 min
after achieving the desired Observer Assessment of Alert-
ness/Sedation score or after 10 min of placebo infusion.
In all cases, the order of target infusions was moderate
sedation first, followed by deep sedation.

Arterial samples were taken at baseline and at targeted
sedation periods to determine norepinephrine concen-
trations. Samples were placed in EGTA tubes and centri-

fuged at 4°C for 10 min. The serum was removed and
stored at �70°C until later analysis by high-performance
liquid chromatography. Specifications of the assay are as
follows: The lower limit of detection is 12 pg; recovery
of a sample spiked with 60 pg norepinephrine standard
is 82%; intraassay variability (n � 7) is 4.2%; and inter-
assay variability of a commercial pool (n � 22) is 9.7%.

Statistical Analysis
Data are presented as mean � SEM. Consecutive he-

modynamic measurements were compared over time
(baseline, moderate and deep sedation) and between
groups (placebo or propofol) with repeated-measures
analysis of variance; Scheffé post hoc analysis was done
where appropriate. A level of P � 0.05 was considered
significant. Baroreflex responses to hypotension from
sodium nitroprusside were determined with linear re-
gression of the relation between diastolic pressure and
SNA or mean pressure and HR (R-R interval). The slope
of the relation was used to derive the sensitivity of the
baroreflex.

Results

We studied 10 young, healthy volunteers with Ameri-
can Society of Anesthesiologists physical status of I. On
average, they were aged 25 yr (range, 21–37 yr), were
175 cm tall (range, 161–188 cm), and weighed 73 kg
(range, 57–91 kg). Four were female, and all were white.
The targeted sedation levels resulted in significant ef-
fects compared with the placebo trial, confirmed by
decreasing Bispectral Index values (fig. 1). There were
no differences in the placebo group for any measured
variable over time (i.e., from baseline) (figs. 1 and 2). HR
and respiratory rate were not affected by deep sedation
with propofol, and although oxygen saturation and end-
tidal carbon dioxide did demonstrate statistically signifi-
cant changes, these were not of clinical significance
(figs. 1 and 2). SNA diminished significantly with propo-

Fig. 2. Mean arterial pressure, norepinephrine, muscle sympa-
thetic nerve activity, and forearm vascular resistance dimin-
ished significantly with propofol. Heart rate was unchanged.
The changes over time (interaction) for mean arterial pressure,
sympathetic nerve activity, and forearm vascular resistance
(mean arterial pressure/forearm blood flow) were different for
propofol compared with placebo. Data are presented as mean �
SEM. * Significant change from baseline (P < 0.05). † Signifi-
cantly different response from placebo (P < 0.05).

Fig. 3. Representative tracings of electrocardiogram (ECG), ar-
terial pressure (BP), and integrated sympathetic nerve activity
(SNA) at baseline and during two targeted levels of sedation with
propofol. Note the incremental decreases in BP and SNA with
increasing doses of propofol. SBP � systolic blood pressure.
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fol by 65% and 92% at moderate and deep sedation,
respectively (fig. 2). Propofol decreased forearm vascu-
lar resistance by 6% during moderate sedation (not sig-
nificant) and by 38% (significant) during deep sedation.
In addition, propofol decreased norepinephrine by 18%
and 44% and mean arterial BP by 9% and 18% during
moderate and deep sedation, respectively (fig. 2). Rep-
resentative segments of recordings of integrated SNA,
electrocardiogram, and direct BP at baseline and increas-
ing sedation levels are shown in figure 3.

Propofol attenuated the baroreceptor reflex sensitivity
relating increases in SNA to decreasing BP but did not
change the reflex HR increase (table 1).

Discussion

The major finding of this research using two sedation
levels of propofol was a significant decrease in mean
arterial BP that could be attributed to a combination of
decreases in basal SNA and in the reflex control of SNA.
This resulted in progressive decreases in norepinephrine
and in forearm vascular resistance. The targeted infu-
sions achieved both moderate and deep sedation with-
out clinically significant compromise of respiratory rate,
end-tidal carbon dioxide, and oxygen saturation.

Propofol (2,6-di-isopropylphenol) was introduced in
the United States in 1989 and has gained popularity as a
sedative/hypnotic to provide moderate sedation. Anes-
thesia caregivers commonly use propofol for monitored
anesthesia care procedures where respiratory depres-
sion and hypotension are closely monitored and rou-
tinely managed. Nonanesthesia caregivers are now gain-
ing experience with propofol and reporting that it
provides rapid onset of sedation, better titratability,
quicker recovery time, and better patient satisfaction
compared with other sedation alternatives.5,12–19 How-
ever, it is well documented that sedation with propofol
can have significant consequences on respiration and
BP.3–5,20,21 Recently, a study evaluating the predictive
nature of a test dose of propofol (approximately 30 mg
in a 70-kg adult) for hypotension on induction of anes-
thesia indicated that the test dose alone resulted in a

17-mmHg decrease in BP.20 In a recent publication, a
gastroenterologist’s protocol for “safe and effective ad-
ministration of propofol” was evaluated for endoscopic
examinations.3 Hypoxemia (oxygen saturation � 90%)
occurred in 9% of the 819 patients, whereas hypotension
(BP decrease � 20 mmHg) occurred in 27% of the
patients. These findings amplify concerns with the use of
propofol by nonanesthesia personnel: Respiratory de-
pression may be the primary focus for concern, but
hypotension may be the more common effect.

Surprisingly little is known about the mechanisms of
the BP changes noted with sedative doses of anesthetics.
Previous work from this laboratory explained the signif-
icant hypotension from induction doses (2.5 mg/kg) of
propofol by demonstrating both profound sympathoin-
hibition as well as impaired reflex activation of the sym-
pathetic nervous system during hypotension.6,7 In addi-
tion, during maintenance of general anesthesia with
infusions of propofol, sympathetic outflow remained
low, and baroreflex activation of the sympathetic ner-
vous system during brief impositions of a hypotensive
stimulus was attenuated.7

In previous work, we evaluated another possible
mechanism by which propofol might reduce BP. We
sought a direct dilating effect of propofol on human
blood vessels by infusing propofol into the brachial ar-
tery.22 The local infusions did not change FBF. In con-
trast, systemic infusions of propofol were noted to in-
crease blood flow only if sympathetic innervation to the
forearm was intact. Therefore, we concluded that propo-
fol did not decrease BP via a direct effect on blood
vessels; rather, its mechanism was via sympathoinhibi-
tion.

The current research was undertaken in healthy vol-
unteers. Extrapolation of these findings to older, less
healthy patients should be done with caution but might
enhance concerns. Older and sicker patients generally
have higher basal levels of sympathetic tone and im-
paired baroreflexes. This might amplify the hemody-
namic effects of propofol-mediated sympathoinhibition.
In addition, volume status and concurrent autonomically
active prescription medication also might adversely in-

Table 1. Cardiac (R-R Interval vs. Mean Arterial Pressure) and Peripheral (Sympathetic Nerve Activity vs. Diastolic Pressure)
Baroreceptor Slopes during Placebo or Sedation

Sedation Level

Baseline Moderate Deep

Cardiac baroslope to nitroprusside (ms/mmHg)
Placebo 19.4 � 3 22.2 � 3 21.8 � 2
Propofol 23.4 � 7 16.0 � 3 14.0 � 1

Peripheral baroslope to nitroprusside ((bursts � amplitude) � mmHg�1)
Placebo �29.3 � 7 �31.1 � 5 �31.0 � 6
Propofol �31.8 � 5 �22.9 � 6* �14.7 � 5*†

Data are presented as mean � SEM.

* Different from baseline value. † Different from placebo, P � 0.05.
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fluence responses in a less healthy patient population. As
more patients in poor health are scheduled to undergo
increasingly complex procedures in non–operating
room settings, the use of propofol by nonanesthesia
providers will become increasingly troublesome.

In summary, propofol is gaining in popularity for use
outside the operating room setting because of its faster
onset and recovery compared with the other sedatives/
hypnotics. This research points out hemodynamic disad-
vantages of propofol. Targeted to moderate and deep
sedation, propofol did not clinically compromise respi-
ration but substantially reduced sympathetic nervous
system activity and baroreflex responses to hypotension,
which resulted in vasodilation and hypotension. Even at
moderate sedation levels, we noted significant decreases
in mean arterial BP and SNA. Deep sedation decreased
forearm vascular resistance and norepinephrine and fur-
ther decreased mean arterial BP and SNA. The results of
this study indicate that propofol should be used with
attention to hemodynamic monitoring during moderate
to deep sedation. Furthermore, in patients at risk of
adverse events resulting from a decrease in BP, the
caregiver responsible for the administration of propofol
must be skilled in rescue, not only for impaired ventila-
tion but also for treatment of hypotension.
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College of Wisconsin, Milwaukee, Wisconsin), Toni Uhrich, M.S. (Research
Technologist, Medical College of Wisconsin), and Jill Barney, M.S. (Research
Technologist, Veterans Affairs Medical Center, Milwaukee, Wisconsin), for their
assistance with the conduct of the study, analyses of the data, and preparation of
this manuscript.
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