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Abstract:

Anesthetics depress the autonomic nervous system. The effects of thiopental and propofol on heart rate variability (HRV) during
fentanyl-based induction of general anesthesia were studied in one hundred patients. We observed different effects of fentanyl,
thiopental and propofol on HRV. Fentanyl decreased total power of HRV and low frequency power (LF), but not high frequency
power (HF), indicating a greater reduction of cardiac sympathetic activity. Thiopental and propofol caused the further reduction of
HRV and decreased HF power. Thiopental increased LF power and LF/HF ratio, indicating that the vagolytic effect is associated
with the increase in sympathetic activity. Propofol preserved the LF power, indicating that the cardiac parasympathetic activity is

reduced more than the sympathetic activity.
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Introduction

Previous studies in unanesthetized patients have re-
lated changes in spectral analysis of heart rate vari-
ability (HRV) to several mechanisms: alterations in
sympathetic and parasympathetic activity, changes in
baroreflex sensitivity, interrupted autonomic reflex
pathways, impaired cerebral function (injury) and
autonomic neuropathy [5, 15]. Alterations in HRV
have been also related to both depth of anesthesia [19]
and level of sedation [13]. If only depth of anesthesia
or sedation had prominent effect on HRV, then differ-
ent anesthetics would all have very similar effects on
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HRYV. However, if alterations in baroreflex sensitivity
and/or autonomic activity also play role in anesthetic
effect on HRYV, then different anesthetics should have
different effects on HRV.

Anesthetics used in general anesthesia depress the
autonomic nervous system and contribute to the
safety of general anesthesia because they not only
suppress excessive sympathetic activity evoked by
surgery, but also suppress parasympathetic reactions
[19]. The attenuation of sympathetic activity during
general anesthesia is usually assessed by monitoring
changes in blood pressure or heart rate. However, be-
cause of these antagonistic effects, evaluation be-
comes problematic when parasympathetic activity is
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simultaneously depressed. Therefore, the analysis of
anesthetic effects on HRV may provide a more valu-
able noninvasive tool for investigating alterations in
autonomic function. Previous studies have assessed
the effect of thiopental [12, 15, 19, 25] and propofol
[2, 6, 7, 13, 22] on the spectral analysis of HRV dur-
ing induction of anesthesia, since both intravenous
(iv) anesthetics induce different hemodynamic changes.
However, all these studies were limited to single anes-
thetic techniques, they were performed in small study
populations, and they used different analytical meth-
ods, making a comparison of the effects of these anes-
thetics difficult. Scheffer et al. [24] investigated the
effects of thiopental and propofol during induction to
general anesthesia and clearly showed differences in
their effects on HRV. Contrary, Howell et al. [11]
were unable to find any difference between both anes-
thetics. Both studies were performed in small groups
of patients and no other data comparing the effects of
both anesthetics on HRV are available. Therefore, the
aim of the study was to compare the effects of thio-
pental and propofol on HRV during fentanyl-based in-
duction of general anesthesia in a greater study popu-
lation.

Materials and Methods

Following institutional approval and obtaining in-
formed consent from all patients, one hundred physi-
cal status I and II (according to American Society of
Anesthesiologists) consequent patients, scheduled for
elective abdominal surgery, were included in the
study. Patients were allocated randomly to receive ei-
ther propofol or thiopental. Those who taken drugs
that could influence hemodynamic and autonomic
function were excluded from the study. Further exclu-
sion criteria were: electrocardiographic abnormalities
(a cardiac rhythm other than sinus, premature ven-
tricular contractions, or if heart rate was less than
55 min!), severe ischemic heart disease, congestive
heart failure, diabetes mellitus, or other disorders
known to affect autonomic function.

The monitoring during anesthesia included electro-
cardiogram (ECG), pulse oxymetry, non-invasive
blood pressure measurement and capnography (end
tidal CO,). Patients were premedicated with midazo-
lam (Dormicum, F. Hoffman-La Roche Ltd, Basel,

Switzerland) orally at 7.5 mg 1 h before induction of
anesthesia. All patients received 100% oxygen via
face mask for 2—3 min prior to induction of general
anesthesia. Anesthesia was induced intravenously (iv)
using standardized anesthetic technique, by fentanyl
(Fentanyl, Polfa, Warszawa, Poland) 3 pg kg™!, fol-
lowed 5 min later by thiopental (Thiopental, Bioche-
mie GmbH, Vienna, Austria) 4-7 mg kg™!, or by pro-
pofol (Diprivan, AstraZeneca UK Ltd, Cheshire, UK)
1.5-3.0 mg kg !. The dose of either thiopental or pro-
pofol was given over 30 s, until a loss of conscious-
ness, while the patient was breathing 100% oxygen.
The loss of consciousness was defined as a loss of the
eyelash reflex and no reaction to subsequent
positive-pressure mask ventilation. Following induc-
tion of anesthesia, the patients were left unstimulated
for 5 min, until laryngoscopy was performed. Ventila-
tion was assisted or controlled via face mask with
100% oxygen with frequency of 12 min~! and tidal
volume was adjusted to maintain end-tidal CO, be-
tween 30 and 35 mm Hg. After 5 min from thiopental
or propofol injection, rocuronium (Esmeron, NV Or-
ganon, Oss, Netherlands) 0.6 mg kg! was given as
a bolus injection, to facilitate endotracheal intubation.

The patients were connected to a Holter ECG
(Medikorder MK.2, TOM Signaltechnik, Hashiba
& Niederl OEG, Graz, Austria) and measurements
were taken continuously from 5 min before induction
(pre-induction period) through the induction period:
at 5 min after fentanyl admnistration (post-fentanyl
period) and 5 min after thiopental or propofol admini-
stration (post-induction period). The ECG analog sig-
nals were converted and stored in a digital form on
CompactFlash card (ScanDisk Inc.) to be transferred
to a computer. Successive QRS peaks were reviewed
visually for R-wave determination. Records with poor
identification of R-waves or with frequent ectopic
beats were excluded from analysis. Spectral analysis
was performed using the Medilog SimpleView soft-
ware (TOM Medical Handels GmbH, Graz, Austria)
and MATLAB (MathsWorks Inc., MA, USA). Since
the effects of iv anesthetics were relatively short-
lived, the length of the data segments used for HRV
analysis was necessarily relatively short. A segment
length of 64 seconds was selected [15]. Power spec-
tral analysis of HRV was calculated on 64-second ep-
och of interpolated heart rate using the fast Fourier
transformation (processed to frequency domain).
Trended measurements of HRV were derived by se-
quential analysis overlapping 64-second data seg-
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ments after the beginning of the previous segment. In-
tegration of spectral values over the appropriate fre-
quency ranges provides corresponding trended
measurements of the frequency-specific parameters
[18]. Pre-induction values of HRV were obtained by
averaging the five sequential trended HRV measure-
ments, just prior to fentanyl administration (corre-
sponding to a 124-second time period). The post-
fentanyl and post-induction measurements were ob-
tained by averaging three sequential trended measure-
ments just prior to administration of /v anesthetics and
tracheal intubation, respectively.

The results were expressed as absolute values in
msec? per Hz and normalized values as a proportion
of total HRV power (TP) in two ranges of HRV: low-
frequency power (LF; 0.04-0.15 Hz) and high-
frequency power (HF; 0.15-0.4 Hz). The LF to HF ra-
tio was calculated from absolute values. Correspond-
ing hemodynamic pre-induction, post-fentanyl and
post-induction values of mean arterial blood pressure
and heart rate were compared with HRV variables.
Data were expressed as the means = SEM unless indi-
cated otherwise. Statistical analysis was performed
with the chi-square test for gender, with the unpaired
t-test for other demographic data, and two-way re-
peated analysis of variance (ANOVA) followed by the
Student-Neuman-Keuls test as a post hoc test for blood
pressure, heart rate and HRV variables. A p value
< 0.05 was considered statistically significant. We de-
cided that a minimum 10% difference in percent
changes in HRV parameters relative to baseline be-
tween the groups, would be important with an esti-
mated standard deviation of the population of 15%.
Therefore, n = 48 patients in each group would be
necessary to detect such a difference if o = 0.05 and
B = 0.1 (GraphPAD InStat Software, Version 1.12a;
Graphpad Software 108955 Sorrento Valley Rd, San
Diego, CA 92121, USA).

Results

There were no significant differences between the two
groups in demographic data likely to have influenced
the outcome variables (Tab. 1). Fentanyl produced
a significant decrease in mean arterial pressure and
heart rate and caused a significant, to similar degree,
reduction in the absolute measurements of TP and LF
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power but not that of HF power in both studied groups
(Tab. 2). This differential effect of fentanyl on LF
power and HF power was not accompanied by signifi-
cant changes in the normalized measurements of LF
and HF power, and in the absolute value of the ratio
LF/HF power, as compared with pre-induction period
(Fig. 1, Tab. 2).
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Fig. 1. Normalized values (mean = SEM) of low frequency power (LF)
and high frequency power (HF) of HRV before (pre-induction), after
fentanyl (post-fentanyl) and after induction (post-induction) of
general anesthesia with thiopental and propofol. * p < 0.01 vs.
previous period; ~ p < 0.05 vs. propofol

Tab. 1. Demographic characteristics of two anesthetic groups

Dose (mg kg‘1) Thiopental Propofol
521+0.08 214 +0.02

n 48 52

Sex (female/male) 45/3 4517

Age (yr) 386+16 428+15

Weight (kg) 65.6+1.9 68.2+1.6

Height (cm) 165.9+0.9 168.1+0.9

Values are the means = SEM or number of patients

Following fentanyl, thiopental or propofol was
given iv in a dose range between 4.3-7.0 mg kg ! and
1.7-2.7 mg kg!, respectively, at sufficient dose to
produce the loss of conscious. Thiopental and propo-
fol induced further decrease in the mean arterial pres-
sure, but the decrease was still less than 20%, relative
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Tab. 2. Heart rate variability power (ms2 Hz'w), the ratio of low-frequency to high-frequency power, mean arterial blood pressure (mmHg) and

heart rate (min"') in three specific time periods

Time period

Pre-induction

Post-fentanyl

Post-induction

Total power Thiopental 3111 +243
Propofol 2976 + 216
High-frequency power Thiopental 1273 £109
Propofol 1222 + 106
Low-frequency power Thiopental 1839 + 146
Propofol 1754 £129
Low/high ratio Thiopental 1.58+0.08
Propofol 1.61+0.08
Mean blood pressure Thiopental 98.7 3.1
Propofol 98.6+17
Heart rate Thiopental 95.3+21
Propofol 926+20

2734 + 264 (88%)*
2294 + 183 (77%)*
1212 +148 (95%)
979 + 100 (80%)
1522 +133 (83%)*
1316 + 105 (75%)*
142 +0.10 (90%)
162:+0.13 (101%)
90.4+2.5 (92%)*
91.3+2.3 (93%)*
80.1+ 1.9 (84%)*

76.5+£2.6 (83%)"

1757 + 150 (56%)"
2052 + 140 (69%)*
567 + 49 (45%)*
735+ 67 (60%)"
1201 + 116 (65%)*
1205 + 84 (69%)
2.38+0.19 (151%)* &
1.90+0.14 (118%)*
83.6+2.8 (85%)"
805+ 15 (82%)*
89.9+ 2.0 (94%)* &

78.9+1.7 (85%)

Values are the means + SEM; in parenthesis percentage relative to pre-induction period; *p < 0.05 vs. previous period; & p <0.05 vs. propofol

to pre-induction values (Tab. 2). Both induction tech-
niques produced differential effect on the heart rate.
Thiopental significantly increased, while propofol did
not change the heart rate.

Both iv anesthetics induced further significant re-
duction in the absolute measurements of TP and HF
power (Tab. 2). Although there was a trend toward
a greater effect of thiopental on reduction of TP and
HF power, this trend did not reach statistical signifi-
cance. Compared with propofol, thiopental caused
significant reduction, while propofol did not change
the absolute measurements of the LF power, as com-
pared with post-fentanyl period.

The effects of the two induction techniques on the
normalized measurements of LF power and HF power
are shown in Fig. 1. Thiopental induction evoked sig-
nificant increase in the normalized measurements of
LF power and significant decrease in the normalized
measurements of HF power, as compared with post-
fentanyl period and with propofol induction. This dif-

ferential effect of thiopental caused significant in-
crease in the absolute value of the ratio LF/HF power,
as compared with post-fentanyl period and with pro-
pofol induction (Tab. 2).

Discussion

Opioids are known to exert a parasympathomimetic
effect on HRV and to induce centrally mediated bra-
dycardia and hypotension [15]. In the present study,
we observed a slowing of heart rate and a decrease in
blood pressure with fentanyl. Fentanyl caused a sig-
nificant reduction in TP and LF power, but not in HF
power. Preservation of HF absolute values with a si-
multaneous decrease in LF component may indicate
greater reduction in sympathetic than parasympathetic
tone. However, no changes in the LF/HF ratio and in
normalized values of LF and HF may suggest that

Pharmacological Reports, 2005, 57, 128-134 131



parasympathomimetic effect of fentanyl was at least
partially counteracted by the increase in sympathetic
tone. Patients treated with fentanyl were breathing
spontaneously and it is possible that any transient res-
piratory depression with retention of carbon dioxide
would have altered the balance toward sympathetic
tone [8]. Fentanyl has an analgesic effect that is pref-
erable during anesthesia induction for tracheal intuba-
tion, but the lack of an amnesic effect may be its dis-
advantage [26]. Therefore, midazolam premedication
was selected because of its potent amnesic and anxio-
lytic effect. The type of premedication administered
prior to a potent opioid induction may influence the
hemodynamic and autonomic responses to induction
[15]. However, it was shown that midazolam given in-
tramuscularly, at the dose used in this study, only
slightly depressed both LF and HF but did not change
the LF/HF ratio [17]. Interaction of midazolam and
fentanyl with iv anesthetics is synergistic [27], there-
fore, these drugs were used to ensure a smooth induc-
tion of general anesthesia, according to the accepted and
standardized anesthetic procedures in our hospital.

The HF power reflects solely the parasympathetic
activity and is linked to respiration [21]. The reduc-
tion of parasympathetic input during apnea causes
a decrease in HF. Fluctuations in the intrathoracic
pressure and venous return resulting from respiratory
movement produce changes in blood pressure. These
changes increase HF by activating the vagally medi-
ated arterial baroreceptor reflex. In addition, direct
stimulation of the vagus nerve by respiratory center
may also contribute to HF independent of chest move-
ment [10]. During the deep anesthesia, neither LF nor
HF changed in the absence of respiratory activity,
when electroencephalogram was isoelectric [19]. An
important consideration in HRV studies is that the
power of the HF component is related to the fre-
quency and depth of ventilation [13]. Any technique
that alters ventilation alters absolute and normalized
HF power. Therefore, it is important to maintain con-
stant ventilation conditions. In the present study, we
maintained steady state respiration in the studied
groups, after induction of anesthesia to minimize its
influence on HRV.

The range of LF power of HRV represents the fluc-
tuation of blood pressure associated with sympathetic
activity, which initiates changes in heart rate mediated
by parasympathetic arterial baroreceptor reflex, as the
compensatory arterial pressure control mechanism
[1]. The LF power is thus influenced by both sympa-
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thetic and parasympathetic activity [16] and appears
to represent sympathetic modulation particularly un-
der conditions of parasympathetic withdrawal [1].
The ratio of LF/HF provides a useful insight into the
sympathovagal balance [16].

Thiopental induction decreased cardiac parasympa-
thetic activity, as the absolute value of HF power
(55%) dropped much more than the absolute values of
LF power (35%). The significant increase in the nor-
malized values of LF power and significant decrease
in the normalized measurements of HF power were
observed, as compared with post-fentanyl period and
with propofol induction. It is important to distinguish
between absolute HRV power measurements and data
normalized to TP values. The latter are considered to
be a more sensitive indicator of the sympathetic to
parasympathetic balance under conditions of reduced
total HRV [15]. The significant increase in the ratio of
LF/HF power was also observed. This increase was
probably caused by parasympathetic withdrawal (as
evidenced by the decrease in normalized HF power).
Although both parasympathetic and sympathetic ab-
solute variables decreased following thiopental, vagal
activity declined more significantly than sympathetic,
leading to a striking autonomic imbalance. Thiopental
induction significantly increased the heart rate. Latson
et al. [14] in a preliminary report showed that tachy-
cardia following anesthesia induction with thiopental
and vecuronium, coincided with a decrease in the in-
dex of vagal activity in power spectrum analysis of
HRV. In the further study, Latson et al. [15] observed
that immediately following the induction with fen-
tanyl and thiopental and before tracheal intubation, in
most of the patients the spectral ratio of LF/HF was
increased. Similar findings have also been reported by
Schubert et al. [25] and by Nishiyama et al. [20], con-
firming the autonomic imbalance after induction with
thiopental and fentanyl or thiopental alone, in 26 and
20 patients, respectively. Both sympathetic and para-
sympathetic autonomic contributions to HRV appear
to be affected, and a marked reduction in overall HRV
(TP, LF and HF powers) is consistent with previous
report [4]. It is conceivable that the barbiturate va-
golytic effect and increased sympathetic activity ac-
count for these observations.

In contrast to thiopental, propofol induction of an-
esthesia caused a decrease in blood pressure without
an increase in the heart rate, and a reduction in the ab-
solute values of HF power, but not the values of LF
power, as compared with the post-fentanyl period.
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Concomitantly, propofol produced the increase in the
ratio of LF/HF power, but less than thiopental. De-
spite the lack of propofol effect on the normalized
values of LF and HF power, the significant increase in
the ratio of LF/HF power suggests that propofol in-
duction of anesthesia might reduce a cardiac parasym-
pathetic tone more than sympathetic tone. Similar re-
sults were observed after induction of anesthesia with
propofol in humans [2, 13]. Propofol anesthesia is
known to cause a reduction in blood pressure and
heart rate in humans and the inhibition of sympathetic
nerve activity is believed as one major mechanism un-
derlying the propofol-induced hemodynamic changes
[3, 23]. In a study measuring the peripheral sympa-
thetic nerve activity, propofol anesthesia was reported
to reduce muscle sympathetic nerve activity [3]. The
fact that induction of anesthesia with propofol caused
decreases in muscle sympathetic nerve activity and
blood pressure (indicating a decrease in peripheral
sympathetic activity), with a small increase in heart
rate (indicating a decrease in cardiac parasympathetic
activity), in humans [3] supports our HRV data. Ka-
naya et al. [13] using a maximum-entropy method for
HRYV assessment, confirmed that propofol anesthesia
caused reduction in HF power but not in LF power,
indicating that induction of anesthesia with propofol
might reduce a cardiac parasympathetic tone more
than sympathetic tone. Additionally, a decrease in HF
and entropy during propofol anesthesia correlated
with the level of sedation (assessed by Bispectral In-
dex). Recently, Hamada et al. [9] using two methods:
a maximum-entropy method for HRV and a fractal
analysis of ECG, confirmed the observation of Ka-
naya et al. [13], concluding that propofol decreased
parasympathetic activity, but increased sympathetic
activity, because of the baroreflex mechanism.
Concluding, both iv anesthetics produced a signifi-
cant reduction of HRV with a different effect on auto-
nomic balance, only thiopental evoked changes of
normalized parameters of HRYV, indicating that vagoli-
tic effect was associated with a greater increase in
sympathetic activity, than it was after propofol.
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