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Abstract

Background: Induction of general anesthesia with midazolam or thiopental is often associated with cardiovascular changes.

Material and methods: The study group involved 94 patients. The analysis of heart rate variability and the changes in cardiac vegetative tonus was
performed after premedication with fentanyl solution and after induction of general anesthesia with midazolam combined with fentanyl (midazolam
group) or thiopental combined with fentanyl (thiopental group).

Results: After administration of fentanyl in doses of 1.0 mkg/kg for premedication there were no significant changes of heart rate variability and vegetative
heart tonus in both groups. Administration of midazolam 0.2-0.3 mg/kg combined with fentanyl 1.0 mkg/kg for induction of general anesthesia leads to
a significant reduction of heart rate variability. The LFun (marker of sympathetic heart tonus) reduced by 24.2% (69.1 (95%CI 65.9-72.3) vs 52.4 (95%CI
42.9-70.0) (p=0,02), meantime the HFun (marker of parasympathetic cardiac tonus) enhanced by 34,9% (30,9 (95%CI 27.6-34.1) vs 47.5(95% CI 30.4-
57.4) (p=0.01). Administration of thiopental 6.0-7.0 mg/kg combined with fentanyl 1.0 mkg/kg for induction of general anesthesia leads to a significant
reduction of heart rate variability.

Conclusions: Administration of fentanyl solution in doses 1.0 mkg/kg for premedication is not associated with significant changes of vegetative tonus
of the heart. Administration of midazolam in combination with fentanyl for induction of general anesthesia leads to significant decrease of heart rate
variability and enhanced parasympathetic cardiac tonus. Induction of general anesthesia with thiopental and fentanyl leads to enhanced sympathetic

tonus of the heart and reduced parasympathetic tonus of the heart.
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Introduction

Midazolam is a hypnotic agent used for sedation as well
as for induction of general anesthesia. Frequently, its intra-
venous administration is associated with blood pressure
and heart rate changes. Midazolam acts via gamma-ami-
nobutyric acid (GABA) receptors which have an important
role in regulation of vegetative nervous system [1, 2].

Thiopental is an ultra-short acting derivative of barbitu-
rates. Large clinical application of the drug has been accom-
panied by an enormous increase in the knowledge of the
pharmacology, in particular the effects on GABA receptor
and GABA-induced effects on nerve cell membranes. De-
spite the development of new agents for induction o general
anesthesia, thiopental still has a firm place in clinical appli-
cations. Currently it is mainly used in obstetrics for induc-
tion of cesarean sections under general anesthesia. Also, this
is preferred agent of induction in neurosurgery [3-6].

Fentanyl is an opioid used in combination with other
hypnotic agents for induction of general anesthesia [7].

The sympathetic and parasympathetic influences on the
sinus node in the heart are manifested by cyclic changes
of the RR interval on the ECG, a phenomenon known as
heart rate variability (HRV). HRV is a widely used method
to assess changes in vegetative tonus of the heart in different
medical fields 8, 9, 10]. Some recent studies have demon-
strated the efficacy of HRV analysis for risk assessment of
hemodynamic instability during induction of anesthesia in
abdominal surgery [11, 12].

Induction of general anesthesia with thiopental or mid-
azolam is associated with changes in blood pressure and
heart rhythm. These changes can be attributed to direct ef-
fects of the drugs on the heart, changes in arterial blood pres-
sure and activation of baroreceptor mechanisms, peripheral
vasodilation (preferential mechanism for barbiturates like
thiopental). In the literature there are several studies which
analysed the effects of midazolam [1, 13-19] and the effects
of thiopental [20, 21, 22] on sympathetic-parasympathetic
balance of the heart. There is not a single comparative study
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regarding changes in autonomic tonus of the heart during
induction of anesthesia with midazolam or thiopental.

This study tested the hypothesis that induction of gen-
eral anesthesia with thiopental or midazolam is associated
with changes in autonomic tonus of the heart. The study hy-
pothesis started from the clinical observation that the com-
bination of midazolam and fentanyl for induction of anes-
thesia frequently is associated with development of arterial
hypotension and sinus bradycardia, while induction with
thiopental and fentanyl more often led to arterial hypoten-
sion and sinus tachycardia.

Material and methods

This is a prospective randomized study to evaluate the
changes of vegetative heart tonus after induction of general
anesthesia with two different anesthetic agents: midazolam
and thiopental, both of them combined with fentanyl. The
protocol of study was approved by the Ethic Committee of
the Nicolae Testemitsanu State University of Medicine and
Pharmacy, Chisinau.

The study groups involved ASA physical status I-II pa-
tients scheduled for elective surgical procedures aged un-
der 60 years (to exclude age-related changes of HRV). We
obtained an informed consent from all participants in the
study. Patients with diseases that could interfere with veg-
etative heart tonus (endocrine, neurological, cardiovascular
diseases) were excluded from the study. Another exclusion
criterion was the presence of more than 20% of artifacts on
ECG trace. Another compulsory criterion was the presence
of sinus rhythm on ECG in patients enrolled in the study
group (fig. 1).

For registration of continuous ECG to provide analysis
of HRV in order to find the change of autonomic tonus of

94 patients
ASA I-11
Sinus rhythm on ECG
T1

NS

Premedication with Fentanyl 1.0 mkg/kg

T2
Thiopental group Midazolam group
n=47 n=47

Thiopental 6.0-7.0 mg/kg Midazolam 0.2-0.3 mg/kg
with fentanyl 1.0 mkg/kg with fentanyl 1.0 mkg/kg

~ - ~~

Analysis of HRV and assessment of changes in autonomic tonus of

the heart by Holter computerized system

Fig. 1. Flowchart of the study.

the heart was used a Holter device (Holter TLC 5000, USA).
We attached 10 electrodes on the chest and abdomen of the
patients and connected them to Holter monitor. Continuous
ECG registration was performed within 25-30 minutes after
admission of patients to the surgical room. HRV parameters
were analyzed at rest (T1), after premedication with fentanyl
1.0 mkg/kg (T2) and after induction of general anesthesia
with midazolam 0.2-0.3 mg/kg with fentanyl 1.0 mkg/kg
(midazolam group) and thiopental 6.0-7.0 mg/kg with fen-
tanyl 1.0 mkg/kg (thiopental group) (fig. 1). After admin-
istration of midazolam or thiopental and development of
bradypnea or apnea, the mask ventilation was initiated in
order to ensure a frequency of ventilation of 14-16/min and
a tidal volume 7.0-8.0 ml/kg, an important requirement for
correct registration and analysis of HRV. During induction
of general anesthesia, oxygen was delivered to ensure a SpO,
above 95%.

HRV parameters and changes in sympathetic and para-
sympathetic vegetative heart tonus were analyzed by Holter
computerized system. Parameters of HRV and their signifi-
cance were interpreted according to the recommendations
of the Task Force of the European Society of Cardiology and
the North American Society of Pacing and Electrophysiol-
ogy [13]. Total Power (TP) of HRV represents all vegeta-
tive influences on the heart (sympathetic, parasympathetic,
influences from chemoreceptors and baroreceptors)(physi-
ological ranges — 3466.0+1018.0 ms?); spectral power of
normalized low frequency power (LFun) (physiological
ranges — 54.0+4.0) represents sympathetic and baroreceptor
influences on the heart; spectral power of normalized high
frequency power (HFun) (physiological ranges — 29.0+3.0)
represents parasympathetic influences on the heart; LFun/
HFun ratio (physiological ranges — 1.5-2.0) - represents
sympathetic-parasympathetic balance of the heart [8, 10].

Statistical analysis of the results was done with the sta-
tistical program GraphPad Prism 8 (GraphPad Software,
San Diego, California, SUA). For analysis of HRV chang-
es within one group were used paired t-test and repeated
measures ANOVA (for values with parametric distribution)
and Wilcoxon and Friedman tests (for values with non-
parametric distribution). For statistical analyses between
groups (thiopental group vs. midazolam group) were used
unpaired t-test (for values with parametric distribution)
and Mann-Whitney and Kruskal-Wallis tests (for values
with non-parametric distribution). Results are presented
in form of average and 95% confidence interval (for para-
metric data) and median with interquartile range (IQR -
for non-parametric data). Value of p<0.05 was considered
statistically significant. The number of patients involved in
the study group was determined in order to ensure a study
power of 80%.

Results

A total of 94 patients comprising 43 men and 51 women
were studied. None of the patients was excluded from the
study. Demographic data are shown in Table 1. There were




ORIGINAL RESEARCH

I. Feghiu et al. Moldovan Medical Journal. December 2019;62(4):3-8

no significant differences between groups in terms of demo-
graphic data. The distribution of ASA physical status clas-
sification and operative procedures was also comparable in
two groups (tab. 1 and 2).

Table 1
Demographic data
Parameters Group p
Midazolam | Thiopental
Age in years (mean+SD) | 38.0+12.0 35.4+11.2 0.86
BMI in kg/m? (meantSD) | 24.5+3.3 23.9+4.1 0.19
Male/Female 20/27 23/24 NS
ASA I/ 21/26 19/28 NS

SD=Standard deviation, BMI = body mass index; NS=Not significant,
ASA=American Society of Anesthesiologists

The baseline values of HRV parameters (TP, LFun, HFun
and LFun/HFun) for both groups are presented in the table
3. There was no statistically significant difference between
groups. It can be observed that the baseline value of LFun/
HFun was 3.1 (95%CI 2.4-3.8) in midazolam group and 2.7
(95% CI 2.1-3.3) in thiopental group, indicating enhanced
cardiac sympathetic tonus in the patients of both study
groups.

Table 2
Distribution of operative procedures in the study groups
Midazolam Thiopental
Operative procedures group group
(n=47) (n=47)
Laparoscopic cholecystectomy 18 18
Mandible osteosynthesis 9 9
Discectomy 12 8
Rhinoplasty 5 4
Sinusotomy 3 2
Others - 6

After administration of fentanyl 1.0 mkg/kg for premed-
ication the parameters of HRV didn’t change significantly
when comparing to baseline values. There were no attested
significant differences between groups as well (table 3). The
major changes in HRV parameters were attested after ad-
ministration of midazolam 0.2-0.3 mg/kg or thiopental 6.0-
7.0 mg/kg for induction of general anesthesia.

After intravenous administration of midazolam the
spectral power of TP decreased by 81.9% (149.3 ms* (IQR
52.0-320.0) vs 829.1 ms® (IQR 438.5-2395.0), (p=0.001).
After intravenous administration of thiopental the spec-
tral power of TP decreased by 88.5% (100.4 ms? (IQR 54.7-
188.8) vs 869.5 ms® (IQR 512.2-1633.0) (p<0.0001) (fig. 2).

Table 3
HRV parameters in both study groups
HRV parameters Baseline After premedicatio | Afterinduction
P (T1) (12) (13) p
Midazolam group 924.2* 829.1* 149.3* 0.0001
(404.2-1913.0) (438.5-2395.0) (52.0-320.0)
TP (ms?) * -
Thiopental group 889.5* 869.5*% 100.4* <0.0001
(481.7-1585.0) (512.2-1633.0) (54.7- 188.8)
p 0.68 0.9 0.014
Midazolam group 67.7 69.1 524 0.02
LFun (62.9-72.5) (65.9-72.3) (42.9-70.0)
Thiopental group 65.5 65.8 73.5 <0.001
(60.8-70.1) (61.9-69.6) (68.4-78.6)
p 0.49 0.18 0.03
Midazolam group 274 30.9 47.5 0.01
HFun (21.4-37.0) (27.6-34.1) (30.4-57.4)
Thiopental group 345 34.2 24.5 <0.001
(29.8-39.2) (30.4-38.1) (20.3-28.7)
p 0.5 0.18 0.01
LFun/HFun Midazolam group 3.1 2.8 1.1 0.03
(2.4-3.8) (2.2-3.4) (0.6-1.8)
Thiopental group 2.7 24 44 <0.001
(2.1-3.3) (2.0-2.8) (3.5-5.2)
p 0.33 0.26 0.01

Note. Statistical analysis was performed with repeated measures ANOVA and Friedman test* (for analysis within the group) and unpaired t-test and
Mann-Whitney test* (for analysis between groups). Values are presented as average and 95% confidence interval for values with parametric distribution
and median with interquartile range for parameters with non-parametric distribution*.
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It is worth mentioning that induction of general anesthesia
with thiopental and fentanyl depresses HRV more than in-
duction with midazolam and fentanyl (p=0.014).
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Fig. 2. Changes of spectral power of TP of HRV
in both study groups.

(*p<0.05) Values are represented as median with
intercuartile range (error bars.)

There were attested significant changes in the spectral
power of LFun and HFun after administration of thiopental
or midazolam. These changes are different in each group, in
such a way emphasizing the different effects of thiopental
and midazolam on the cardiac vegetative tonus.

In the midazolam group in T3, LFun decreased by 24.2%
(52.4 (95%CI 42.9-70.0) vs 69.1 (95%CI1 65.9-72.3), (p=0.02),
demonstrating the sympatholytic effect of the drug, while
in thiopental group LFun enhanced by 10.5% (73.5 (95%CI
68.4-78.6) vs 65.8 (95%CI 61.9-69.6) (p<0.001), proving
sympathomimetic effect of anesthetic agent (fig. 3).
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Fig. 3. Changes of spectral power of LFun in both study groups.
(*p<0.05) Error bars represent 95% confidence interval.

Spectral power of HFun (marker of parasympathetic
heart tonus) also changed significantly after administration
of thiopental or midazolam. Changes of spectral power of
HFun after administration of midazolam proved the vago-
tonic effect of the drug since power of HFun increased by
34.9% (47.5 (95%CI 30.4-57.4) vs. 30.9 (95%CI 27.6-34.1)
(p=0.01). In the thiopental group spectral power of HFun
has reduced by 28.4% (34.2 (95%CI 30.4-38.1) vs. 24.5
(95%CI 20.3-28.7)(p=0.001). Reduction in power of HFun
demonstrated the vagolytic effect of thiopental when given
in doses for induction of general anesthesia and combined
with fentanyl (fig. 4).
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Fig. 4. Changes of spectral power of HFun in both study groups.

(*p<0.05) Error bars represent 95% confidence interval.

Changes of LFun and HFun in both groups lead to
changes in LFun/HFun ratio.

After induction of general anesthesia with midazolam
and fentanyl the LFun/HFun ratio decreased by 60.7% (1.1
(95%CI 0.6-1.8) vs. 2.8 (95%CI 2.2-3.4)(p=0.03). The value
of LFun/HFun ratio after induction was 1.1 which indicat-
ed enhanced cardiac parasympathetic tonus in the patients
of the study group. In the thiopental group the average
LFun/HFun in T3 was 4.4, signaling the predominance of
sympathetic tonus of the heart, showing an enhancement
by 45.5% (2.4 (95%CI 2.0-2.8) vs. 4.4 (95%CI9 3.5-5.2)
(p<0.001) (fig. 5).

6 =
o~ Midazolam group
« & Thiopental group
44
2 -
O T T T
Tl T2 T3

Fig. 5. Changes of LFun/HFun ratio in both study groups.

(*p<0.05) Error bars represent 95% confidence interval.

Discussion

The sinus node of the heart is under permanent con-
trol of vegetative nervous system thus controlling the heart
rhythm and performing adaptation to different physiologi-
cal or pathological factors. The changes in heart rhythm and
subsequently changes in HRV are triggered by sympathetic
and parasympathetic input on the sinus node. HRV is a fre-
quent tool used in medical field for analysis of changes in
sympathetic and parasympathetic influences on the heart.
Nowadays to analyze HRV is an easy goal since modern
Holter devices are equipped with computerized system for
analysis of HRV and can appreciate the changes in heart
vegetative tonus. It was generally accepted and proved in
many clinical researches, that the LFun/HFun ratio repre-
sents the sympathetic-parasympathetic balance of the heart,
the LFun represents the sympathetic and baroreceptors in-
fluences on the heart and the HFun represents the parasym-
pathetic tonus of the heart [9, 10, 13].
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Several clinical studies used analysis of HRV to find the
effect of midazolam on vegetative regulation of the heart.
The fact should be mentioned that in most of these studies
midazolam was administered intravenously for sedation [1,
14, 15]. So, it is difficult to compare their results with the
results of this study, since the midazolam dose was higher
(0.2-0.3 mg/kg) and it was administered in combination
with fentanyl (1.0 mkg/kg).

In a recent study Nishiyama T. (2018), demonstrated
that administration of midazolam 0.06 mg/kg in combina-
tion with 0.5 mg of atropine reduced sympathetic tonus. The
final conclusion of the study was that midazolam, but not
hydroxyzine premedication, inhibited sympathetic activa-
tion at induction of anesthesia with midazolam and thio-
pental [1].

In another study performed by Tsugayasu R. et al. [14],
sedation with midazolam 0.01 mg/kg decreased cardiac
sympathetic tonus without significant effect on cardiac
parasympathetic tonus. Smith A. et al. showed that pre-
medication with midazolam 2.5 mg in combination with
differential doses of fentanyl (50 mkg, 75 mkg, 100 mkg
and 150 mkg) didn’t change significantly the cardiac veg-
etative tonus. The final conclusion of this clinical study was
that midazolam for sedation in combination with fentanyl
didn’t change the autonomic balance of the heart and the
enhanced cardiac sympathetic tonus in the patients from
the study group mostly was triggered by changes in respira-
tory pattern [15].

Contrary to this, in another clinical research by Dogan I.
et al. was proved that sedation with midazolam 0.05 mg/kg
for transesophageal echocardiography significantly reduced
cardiac sympathetic tonus and significantly increased para-
sympathetic tonus [16]. The results of this study are similar
to our results, even if the dose of midazolam was lower. In
our study value of LFun/HFun after induction of general an-
esthesia with midazolam and fentanyl decreased to 1.1 thus
signaling enhanced cardiac parasympathetic tonus. This
decrease could be attributed to the effects of midazolam,
as premedication with fentanyl didn’t significantly change
LFun/HFun ratio. Benzodiazepines can influence autonom-
ic neurocardiac regulation, probably through their interac-
tion with the GABAA receptor complex in the brain [2].

Hidaka S. et al. in a prospective clinical research, in-
volving forty ASA physical status I and II patients sched-
uled for knee surgery investigated the effect of propofol and
midazolam on cardiac autonomic nervous system activity
during combined spinal-epidural anesthesia [17]. In this
clinical study, propofol was more potent than midazolam
in causing sympatholytic effect during combined spinal and
epidural anesthesia. Our research proved the same sympa-
tholytic effect of midazolam when combined with fentanyl
and given in doses for induction of general anesthesia.

In a clinical study involving thirty dental patients, Win
N. et al. proved dominant sympathetic effect of midazolam
[18]. In this clinical research, midazolam was associated
with an increase in LF/HF ratio (2.3+1.1 versus 3.7+1.8). It

should be emphasized that the dose of midazolam in this
study was 0.075 mg/kg, much lower than in our study.

In a controlled, randomized, double-blinded study by
Sherif S. et al. aiming to investigate the effects of intrave-
nous midazolam on HRV, patients received midazolam 0.05
mg/kg. In this clinical research, midazolam administered in
sedative doses induced a significant decrease in TP and HF
power, reflecting decreased parasympathetic activity. There
was a decrease in LF power that did not reach statistical sig-
nificance [19].

There are several studies which analyzed the effects of
thiopental on autonomic tonus of the heart by analysis of
HRV according to recommendations of Task Force of the
European Society of Cardiology and the North American
Society of Pacing and Electrophysiology [13]. Tsuchiya S.
et al. in a clinical study involving 17 patients scheduled for
minor surgical interventions proved the fact that thiopen-
tal given in small doses for sedation, significantly reduced
parasympathetic tonus of the heart without visible influ-
ences on sympathetic tonus of the heart [20]. Another re-
mark of the study was that effect of thiopental on vegetative
balance of the heart is in direct relation with the level of
sedation. In our study induction with thiopental signifi-
cantly enhanced sympathetic tonus of the heart and signifi-
cantly reduced parasympathetic tonus of the heart, but the
doses of the drug were higher. In another clinical research
by Omerbegovic M. et al. [21] was compared the effect of
propofol and thiopental on heart autonomic balance. The
study group comprised only patients scheduled for surgery
with ASA I-II risk. In this study the effect of propofol on
HRV didn’t differ significantly from the effect of thiopental,
as induction in both groups of study leads to mark reduc-
tion of TP of HRV, LFun and HE So, in this study was con-
firmed the sympatholytic and vagolytic effect of thiopental.
Their results are different from ours, as in our study induc-
tion with thiopental and fentanyl reduced significantly HRV
and HFun, thiopental having a vagolytic effect. The spectral
power of LFun after administration of thiopental enhanced
significantly, proving a sympathomimetic effect of the drug.

In a study conducted by Riznyk L. et al. [22], aiming to
compare the effects of thiopental and propofol on heart rate
variability during fentanyl-based induction of general an-
esthesia, after administration of fentanyl 3.0 mkg/kg there
was a significant reduction in spectral power of LFun, prov-
ing the sympatholytic effect of opioid. In our study after
premedication with 1.0 mkg/kg fentanyl were not attested
significant changes in spectral power of LFun, HFun and
LFun/HFun ratio. This may be explained by a lower dose of
the drug which we used for premedication. After adminis-
tration of thiopental in the study by Riznyk L. at al. as well
as in this study, was proved the sympathomimetic effect (en-
hanced power of LFun and LFun/HFun ratio) and vagolytic
effect (reduced power of HFun) of thiopental.

This clinical research of HRV analysis used to find
changes in sympathetic-parasympathetic tonus of the heart
proved its clinical applicability. By analysis of changes in
spectral power of TP, LFun, HFun and LFun/HFun ratio
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was demonstrated the sympatholytic and vagotonic effect
of midazolam and sympathomimetic and vagolytic effect of
thiopental. This can be of huge clinical significance when
choosing the drugs for induction of general anesthesia in
patients with cardiovascular disorders or other diseases
which interfere with autonomic regulation of the heart.

Conclusions

1. Induction of general anesthesia with thiopental and
fentanyl depresses HRV more than induction with midazol-
am and fentanyl.

2. Administration of midazolam combined with fentanyl
for induction leads to enhanced parasympathetic tonus of
the heart (vagotonic effect) and reduces sympathetic tonus
of the heart (sympatholytic effect);

3. Administration of thiopental combined with fentanyl
for induction leads to enhanced sympathetic tonus of the
heart (sympathomimetic effect) and reduces parasympa-
thetic tonus of the heart (vagolytic effect).
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