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M3MEHEHWUA APTEPUAJIbHOTO OABNEHUA N YACTOTbI CEPAEYHbIX
COKPALLEHWMA NPU NPUMEHEHUN MUOA30/IAMA U ®EHTAHUNA

4N UHOAYKUUN AHECTE3UN. ABNAETCA U NPEOBJIALAHUE TOHYCA
NAPACUMMNATUYECKOIO OTAENA BETETATUBHOW HEPBHOM CUCTEMBbI
B NOKOE ®AKTOPOM PUCKA PA3BUTUA TEMOOUHAMUYECKOM
HECTABUJIbHOCTWN?

®erio 0., banTtara P., TasnaeaH T., Lanapy C.
Kadenpa anectresuosioruu v peanumarosioruv Nel umenu Banepus 'epera,

TocymapcTBeHHbIN YHUBepcuTeT MeaunuHbl 1 Papmanuu uMmeHu Hukouas Tecre-
munany, Kumunes, Pecny6sinika MosagoBa.

AKTya/JIbHOCTD TeMbI. [IpoBejieHre UHAYKIUY 061l aHeCTe3UH MU/[a30J1aMOM
¥ peHTaHUJIOM YaCTO COMPOBOXKAAETCS U3MEHEHUSIMU apTEPUaIbHOTO IaBJIeHHS
U 4aCTOThl CEPJIeYHbIX COKpallleHHi. B HacTosiIee BpeMsi OTCYTCTBYIOT KJIMHH-
YeCKHe MCCIIe[OBaHusl, OCBSAIEHHbIE H3YYEHHIO CBSI3HU MeX/y TOHYCOM Berera-
TUBHOU HEPBHOM CHCTEMBI B [TIOKO€E ¥ Pa3BUTHEM reMOZIMHAMHUYeCKOH HeCTaOUITb-
HOCTH TOCJIe UHAYKLIUHA aHECTE3UH MU/a30J1aMOM U GEHTAHHUIIOM.

Ilenb MccieJ0BaHMUA: BbIABUTb U3MEHEHUsl YPOBHSA apTepUaJbHOTO JaBJeHUs
W 4acTOThbl Cep/eyHbIX COKpallleHWH NpHU MHAYKLUM aHeCcTe3UU MU/a30/1aMOM
U QEeHTAaHWJOM U NPOAHAJU3UPOBATh CBA3b MEXJY TOHYCOM BereTaTHUBHOH
HEpPBHOU CHUCTEMBbI B IOKO€E ¥ pa3BUTHEM reMOIMHAMUYECKON HECTAOUJIBHOCTH.

MaTepuasbl M1 MeTOAbI. bblio poBe/ieHO NPOCIEKTUBHOE PaHJ0MHU3UPOBaHHOE
HCCJIe/I0BaHUE, KOTOPOE ObII0 006 pEHO3THYECKUM KOMUTETOM [OCy1apCTBEHHOTO
YuuBepcuteta Meauuuubl 1 ®apmaunu umenu Hukosas Tectemunany. ¥ Bcex
Y4aCTHUKOB ObLJIO MOJIyYeHO MUCbMeHHOe HH(POpPMHUPOBaHHOe coryiacue. Mol
ob6csenoBanu 47 6osbHBIX ¢ puckoM mo ASA [-II, KOTOpBIM MJIaHHUPOBAIUCH
XUpypruueckre BMellaTebCTBa.

MpbI npoBe/iM aHaIu3 BapuabeIbHOCTH CepZleYHOr0 pUTMa, OCHOBBIBAsCh Ha MO-
HutopupoBanuu IKI no XosnTepy, a Takxke UCCIeL0BaJu apTepUasbHOe JaBJe-
HHUe, YaCTOTy Cep/ledHbIX COKPAlleHUH, HaJlu4yMe apUTMHUH B TOKOe, Mocje mpe-
MeJIMKalliY, a TaKKe 1ocjie UHAYKIMU aHecTe3un MyuiasonamoM 0,2-0,3 Mr/kr u
¢denTaHusOM 1,5 MKT/KT.

PeByJ’lBTaTLI HCCIeA0BaAHUA. I/IH,HyKLLI/IH dHeCTe3uu MHu/Ja30/laMOM U (l)eHTa-
HUJIOM CONPOBOX/JaJlaCb IOBbILIEHWEM TOHYCa napacuMnaTqucxoﬁ HepBHOI‘/II
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cucreMsbl. [IpoBe/ieHHbIE HCCJIeJOBAHUS BbISIBUIIH, UTO PE06/IalaHue B YCIOBHUSX
MIOKOsl TOHYCa NapacuMNaTH4YeCcKON HepBHOW cUCTeMBbI sIBJsieTCs GaKTOPOM pUCKa
pa3BuUTHUS cUHYycoBOM 6pagukapauu (OR = 13,1 (95%CI 3,1-54,7, p=0,0002) u ap-
TepuasbHOU runotensuu (OR = 12,7 (95%CI 2,9 -55,9, p=0,0003).

BbIBOABI. UHAYKIMS aHeCTe3UH MU/A301aMOM U GpeHTaHUJIOM CONPOBOXKAANACH
pa3BUTHEM apTepHaJbHON THIIOTEH3UH U CHHYCOBOH 6pasukapaud. [Ipeobaga-
HUE B YC/IOBUSX MOKOSI TOHYCA NapacuMIIaTUYECKON HEPBHON CUCTEMBbI SIBJISIETCS
$baKTOpOM prCKa pa3BUTHS CUHYCOBOM GpaZiMKapAuM U apTepPUaIbHON rHIOTEH-
3UU [0CJIe UHAYKIIMY aHeCTe3WH MU/Ia30J1aMOM U peHTaHUJIOM.

KioueBsble c10Ba: apTepHuaJibHasd TUINOTEeH3Usl, CHHyCOBas 6paam<ap;mﬂ, TOHYC
HapaCHMHaTI/I‘{eCKOﬁ HepBHOfI CUCTEMBI.
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PARASYMPATHETIC TONUS A RISK FACTOR FOR CARDIOVASCULAR INSTABILITY?
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Background. Induction of general anesthesia with midazolam and fentanyl is
frequently associated with changes in arterial blood pressure and heart rate. At
present, there are no clinical studies investigating the relation between basal
cardiac autonomic tonus and cardiovascular instability after induction of general
anesthesia with midazolam and fentanyl.

The aim of the study was to evaluate the changes of arterial blood pressure and
heart rate after induction of general anesthesia with midazolam and fentanyl and
to determine if a relationship exists between basal cardiac autonomic tonus and
hemodynamic instability.

Materials and methods. A randomized prospective study was performed with
approval of Ethic Committee. Written informed consent was obtained from all
patients. We enrolled in the study 47 ASA physical status I-II patients scheduled
for elective surgical procedures. Heart rate variability by Holter ECG, arterial blood
pressure (systolic, diastolic, mean), and heart rate were measured at baseline, after
premedication, as well as after induction of general anesthesia with midazolam 0.2-
0.3 mg/kg and fentanyl 1.5 mkg/kg

Results of the research. Induction of general anesthesia with midazolam and
fentanyl was associated with an increase in cardiac parasympathetic tonus. Our
research revealed that increased basal cardiac parasympathetic tonus was a risk
factor for development of sinus bradycardia (OR = 13.1 (95%CI 3.1-54.7, p=0.0002)
and arterial hypotension (OR =12.7 (95%CI 2.9 -55.9, p=0.0003).

Conclusions. Induction of general anesthesia with midazolam and fentanyl was
associated with arterial hypotension and sinus bradycardia. Increased basal
cardiac parasympathetic tonus represents a risk factor for development of arterial
hypotension and sinus bradycardia after administration of midazolam and fentanyl
for induction of general anesthesia.

Keywords: arterial hypotension, sinus bradycardia, cardiac parasympathetic tonus.
Introduction. Midazolam is a popular agent for sedation and induction of general

anesthesia as it has a fast onset and short duration of action with minimal side effects.
Midazolam acts on GABA-A receptors which play an important role in regulation of au-
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tonomic nervous system. It has anxiolytic, sedative, hypnotic, anticonvulsant, and an-
terograde amnesia properties [1-4].

The combination of an opioid and midazolam is the most commonly used sedation
regimen in gastrointestinal endoscopy [5-8]. Midazolam is a benzodiazepine which has
been used successfully with other induction agents to reduce the dose of these drugs, a
technique called co-induction [9].

However, it has been reported that midazolam in recommended doses (0.2-0.3 mg/
kg) may significantly reduce blood pressure. For this reason, a small-dose of midazolam
(less than 5 mg as a rapid bolus) was recommended, but such low doses may not pro-
vide adequate level of anesthesia [9-12].

Heart rate variability (HRV) is a widely used method for assessment of autonomic
nervous system of the heart in anesthesia and intensive care [13,14]. Controversies still
exist over the effects of midazolam combined with fentanyl on the heart rate variability.
In most studies midazolam was used in sedative doses. It is generally accepted that
small doses of midazolam increase the sympathetic tonus of the heart while high-doses
enhance vagal influences on the heart [15-17]. Administration of 0.2-0.3 mg/kg mida-
zolam and 1.5 mkg/kg fentanyl for induction of general anesthesia increased the para-
sympathetic tonus of the heart [18].

The aim of the study was to determine whether enhanced basal cardiac parasympa-
thetic tonus is more frequently associated with cardiovascular instability after induc-
tion of general anesthesia with fentanyl and midazolam.

Materials and methods. We performed a prospective randomized study to evalu-
ate the relationship between basal cardiac autonomic tonus of the heart and the risk
for development of cardiovascular instability after induction of general anesthesia with
fentanyl and midazolam. The study protocol was approved by the Ethic Committee of
the State University of Medicine and Pharmacy “Nicolae Testemitanu”, Chisinau (No.20,
2.02.2016).

Between March 2017 and September 2017, ASA physical status I-II patients aged
less than 60 years (to exclude age-related changes of HRV) scheduled for elective sur-
geries with normal sinus rhythm on ECG were enrolled in the study. We obtained an
informed consent from all research participants. Patients with diseases that could affect
autonomic cardiac regulation (endocrine, neurological, cardiovascular diseases) were
excluded from the study.

In the operating room, the patients were monitored (Holter ECG (Holter TLC 5000,
USA)), non-invasive blood pressure, pulse oximetry and capnography). Baseline heart
rate (HR), systolic blood pressure (SBP), diastolic blood pressure (DBP), and respira-
tory rate were recorded. During induction of general anesthesia, oxygen was delivered
to maintain SpO, above 95%. All patients received 10 ml/kg of crystalloid before induc-
tion of anaesthesia.

HRV parameters, heart rate (HR), systolic blood pressure (SBP) and diastolic blood
pressure (DBP) and respiratory rate were recorded at baseline (T1), 5 minutes after
premedication with Fentanyl 1.0 mkg/kg (T2) and 5 minutes after induction of gen-
eral anesthesia with midazolam 0.2-0.3 mg/kg and fentanyl 1.5 mkg/kg (T3). If after
receiving midazolam and fentanyl, patients developed bradypnea or apnea, the mask
ventilation was initiated at a rate of 14-16 breaths/min and tidal volume of 7-8 ml/kg,
an important requirement for correct registration and analysis of HRV.
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HRV parameters were analyzed by Holter computerized system. HRV was interpret-
ed according to the recommendations of the Task Force of the European Society of Cardi-
ology and the North American Society of Pacing and Electrophysiology [19].

Sinus tachycardia was considered in any patient who had a heart rate more than 100
beats/min, and sinus bradycardia - a heart rate less than 60 beats/min.

We considered systolic arterial hypertension when SBP was more than 140 mmHg
or an increase in SBP of more than 20% from baseline values, systolic arterial hypoten-
sion - when SBP was less than 90 mmHg or a decrease in SBP more than 20% below
baseline, and diastolic hypotension - when DBP was less than 60 mmHg or a decrease in
DBP more than 20% below baseline.

Statistical analysis of the results was performed using GraphPad Prism 6 (GraphPad
Software, San Diego, California, SUA). Values with parametric distribution were ana-
lyzed by t-pair and repeated measures ANOVA tests. Values with non-parametric distri-
bution were analyzed by Wilcoxon and Friedman tests. The Fisher’s exact test was used
to compare categorical variables.

Results are expressed as 95% confidence interval of odd ratio (parametric data) and
median with interquartile range (IQR, non-parametric data). A p value of less than 0.05
was considered statistically significant.

Results and discussions. The study group consisted of 47 patients (27 females and
20 males), aged 38+12 years. The mean body mass index was 24.5+3.3 kg/m? (it ranged
between 16.7 and 29.7 kg/m?).

Analysis of HRV showed that 5 minutes after administration of midazolam and fen-
tanyl for induction of general anesthesia the proportion of patients with enhanced sym-
pathetic heart tonus decreased by 38,2%. Another important finding was a remarkable
increased proportion of patients with enhanced parasympathetic heart tonus, more
than half from the study group, 53.1%) (Fig.1).The results of this study were published
in another report [18].

There were no significant changes in SBP, DBP, MAP and HR after premedication with
fentanyl (1,0 mcg/kg), but after induction of general anesthesia with midazolam 0,2-
0,3mg/kg and fentanyl 1,5 mkg/kg, SBP significantly decreased by 20,6% (from 128,8
mmHg at T2 to 102,4 mmHg at T3; p=0,001), DBP - by 27,8% (from 77,8 mmHg at T2 to
56,2 mmHg at T3; p<0,001), MAP - by 24,3% (from 97,3 mmHg at T2 to 73,7 mmHg at
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Fig. 1. Number of patients with enhanced cardiac sympathetic, parasympathetic tonus and normal
cardiac autonomic tonus at rest and after induction of general anesthesia with midazolam and
fentanyl.
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Table 1
Changes in blood pressure and heart rate after premedication and induction of general
anesthesia

Parameters T1 T2 T3 p
SBP 135.0 128.8 102.4 0.001
(130.5-139.5) (124.3-133.4) (97.7-107.1)
DBP 82.9 77.8 56.2 0.001
(79.2-86.6) (74.4-81.3) (52.7-59.7)
MAP 103.4 97.3 73.7 0.001
(99.3-107.4) (93.7-100.9) (69.7-77.7)
HR 75.5 73.8 60.5 0.03
(72.1-78.9) (70.4-77.1) (56.1-66.8)

Blood pressure and HR values are represented as mean and 95% CI

T3; p=0,001), and HR - by 18,0% (from 73,8 beats/min at T2 to 60,5 beats/min at T3;
p=0,03), (table 1).

After induction of general anesthesia most patients (24 patients - 51.0%) developed
either isolated diastolic or combined systolic and diastolic hypotension (Fig.2). Twelve
patients had isolated diastolic hypotension and another 12 - combined systolic and di-
astolic hypotension. The minimal SBP was 74 mmHg, the minimal DBP was 38 mmHg,
and minimal MAP was 53 mmHg. After administration of midazolam and fentanyl, only
9 patients (19.1%) developed arterial hypertension, but in 7 patients elevation of blood
pressure was transient (1 to 2 minutes), followed by normalization of blood pressure
or even arterial hypotension. Persistent arterial hypertension was present only in 2 pa-
tients, and they had increased cardiac sympathetic tonus both at rest and after induc-
tion of general anesthesia (Fig. 2). Arterial hypotension was corrected with fluids, and
none of the patients required vasopressor support.

It is worth to mention that most patients (66.6%) who developed hypotension after
administration of midazolam and fentanyl had increased parasympathetic heart tonus
after induction of general anesthesia as well as at rest.
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Fig. 2. Number of patients with normal BP, arterial hypertension and arterial hypotension at rest, after
premedication and induction of general anesthesia
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Fig. 3. Relationship between autonomic cardiac tonus at rest and development of arterial hypotension
after induction of general anesthesia with midazolam and fentanyl

Sixteen of the 19 patients with enhanced basal parasympathetic tonus of the heart
developed arterial hypotension after administration of fentanyl and midazolam. On the
other hand, only 8 of the 28 patients with normal basal autonomic cardiac tonus or en-
hanced basal sympathetic cardiac tonus, developed arterial hypotension after induction
of general anesthesia.

It can therefore be concluded that enhanced basal parasympathetic tonus of the
heart is a risk factor for development of arterial hypotension after administration of
midazolam and fentanyl (OR=12.7 (95% CI 2.9-55.9); p=0.0003) (Fig. 3).

After induction of general anesthesia, sinus bradycardia occurred in 21 patients
(44.7%) (Fig.4). Four patients developed severe bradycardia which was corrected with
atropine sulphate. The slowest heart rate was 24 beats/min.

After induction of general anesthesia with midazolam and fentanyl, cardiac arrhyth-
mias were observed in 7 patients (14.9%): 5 patients had single supraventricular or
ventricular extrasystole, one patient experienced multiple ventricular extrasystoles
and one patient - sustained sinus bradycardia. It is worth to mention that 6 of the 7
patients who developed cardiac arrhythmias, had increased basal cardiac sympathetic
tonus which persisted after induction of general anesthesia. The patient who developed
severe, sustained sinus bradycardia had increased cardiac parasympathetic tonus both
at rest and after administration of midazolam and fentanyl (Fig. 4).
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Fig. 4. Number of patients with normal HR, sinus tachycardia and sinus bradycardia at rest, after
premedication and induction of anesthesia

Clinical Anesthesiology & Intensive Care, N2 1 (13), 2019 27 m



It is important to mention that 17 (80.9%) of the 21 patients who developed sinus
bradycardia after administration of midazolam and fentanyl had increased parasym-
pathetic heart tonus after induction of general anesthesia, and 15 patients - enhanced
basal parasympathetic cardiac tonus.

Fifteen of the 19 patients with enhanced basal cardiac parasympathetic tonus de-
veloped sinus bradycardia after administration of midazolam and fentanyl, while only
6 of the 28 patients who had normal basal autonomic tonus of the heart or enhanced
basal sympathetic tonus of the heart developed sinus bradycardia after induction of
anesthesia. Statistical analysis using Fisher’s exact test revealed that enhanced para-
sympathetic cardiac tonus at rest is a risk factor for development of sinus bradycardia
after administration of midazolam and fentanyl (OR=13.1, 95%CI 3.1-54.7; p= 0.0002)
(Fig. 5).

Although there are many studies that evaluated the effect of midazolam on cardiac auto-
nomic nervous system using HRV [15-18], relationship between cardiac autonomic tonus at
rest and the risk for cardiovascular instability after induction of anesthesia with midazolam
and fentanyl have not been investigated.

Many studies have examined the hemodynamic changes after administration of mida-
zolam, but in most of them midazolam was administered for sedation [5-7,11,20]. Only few
studies investigated the hemodynamic changes after induction of anesthesia with midazolam,
and it is important to note that in most of these studies midazolam was used as an anesthesia
co-induction agent [9,10,12].

In a recent meta-analysis of five randomized clinical trials involving 552 patients, Zhang
R. et al. found that sedation during gastrointestinal endoscopy with midazolam was safer than
propofol (propofol showed higher incidence of hypotension than midazolam) [7]. Tsai H.C.
et al. [6] in another meta-analysis of five randomized studies conducted between 2003 and
2012 analyzed the efficacy and safety of midazolam sedation in cirrhotic patient undergoing
endoscopy. Authors found that the incidence of bradycardia was 2.86% and 13 of the 182 pa-
tients exhibited arterial hypotension. Frolich M. A. et al. showed that intravenous infusion of
midazolam 3.0-5.0 mg/h didn’t change significantly SBP, DBP, MBP and HR in healthy vol-
unteers when compared with propofol and dexmedetomidine [11]. In addition, a recent study
by Uzman S. et al., proved that sedation with the combination of 0.05 mg/kg midazolam and
0.4 mg/kg meperidine is safer than with 1 mg/kg propofol. None of the patients in midazolam
group developed arterial hypotension or bradycardia [5].
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Fig. 5. Relationship between autonomic cardiac tonus at rest and development of sinus bradycardia
after induction of general anesthesia with midazolam and fentanyl
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Ab Rahman N.H. et al. examined the safety of sedation analgesia with fentanyl
1.0 mcg/kg and midazolam 0.1 mg/kg in 20 patients in emergency department. Even
though SBP, DBP and MAP dropped, the changes were not statistically significant [20].
We cannot compare their results with ours as we used higher doses of midazolam (0.2-
0.3 mg/kg).

There are several studies investigating midazolam for induction of general anes-
thesia. Choi Y. et al. [12] analyzed the hemodynamic effects of midazolam 2.0-4.0 mg
used as induction agent for rapid sequence intubation in emergency department. They
observed a 10% drop in mean SBP; 19.5% of patients developed arterial hypotension.
Patients older than 70 years were more likely to develop hypotension. In another study,
Han D. et al. proved that the combination of midazolam (0.2 mg/kg) and sufentanyl
(1.0 mkg/kg) is a safe method for induction of general anesthesia for cardiac surgery in
children [10]. Even though HR decreased after intubation, this combination had more
favorable effects on hemodynamics when compared with sevoflurane.

In our study, we noted a greater decrease in DBP than SBP (27.8% vs 20.6%), al-
though all patients received 10 ml/kg crystalloids before induction of general anesthe-
sia. Sinus bradycardia was observed in 44.7% of patients 5 minutes after administration
of midazolam and fentanyl; HR decreased by 18.0% following induction of anesthesia.
Normal HR after induction had 53.2% of patients.

Our study revealed that enhanced basal cardiac parasympathetic tonus represents a
risk factor for development of sinus bradycardia and arterial hypotension after admin-
istration of midazolam and fentanyl for induction of general anesthesia.

Conclusions. Induction of general anesthesia with midazolam and fentanyl is fre-
quently associated with arterial hypotension and sinus bradycardia. Enhanced para-
sympathetic tonus of the heart at rest is a risk factor for development of arterial hypo-
tension and sinus bradycardia after administration of midazolam and fentanyl.
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