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Introduction

The β2 adrenergic receptor is a member of the G pro-
tein-coupled receptor superfamily and is expressed in 
most malignancies. G proteins are protein receptors whose 
one side is outside the cell and the other side is inside the 
cell and they cross the membrane and can convert guano-
sine triphosphate (GTP) to guanosine diphosphate (GDP). 
This system is a type of messenger for certain chemicals 
such as hormones and neurotransmitters on the surface 
of the cell membrane. β2-adrenergic receptors are targe-
ted by various catecholamines, especially norepinephrine, 
noradrenaline, and epinephrine. Many cells have this type 
of receptor and when dealing with catecholamine, they 
stimulate the sympathetic nervous system, and by increa-
sing the level of catecholamine in the blood, it causes the 
pupils to dilate, focus energy, and direct blood circulation 
from the organs to the muscles. The β2-adrenergic recep-
tor plays a key role in the sympathetic regulation of the 
cardiovascular system and mediates vasodilation through 
the cAMP pathway by stimulating the release of nitric 
oxide. This receptor is coded by the ADRB2 gene. Many 

pieces of evidence show that the ADRB2 gene is effective 
in regulating immunity, clinical prognosis, and treatment 
resistance(1-2).

Due to the extensive use of invasive monitoring and 
treatment in the ICU, the patients often suffer from ad-
verse physiological reactions, such as anxiety, pain and 
restlessness (3). It also makes patients difficult to tolerate 
various pipes and treatment measures, leads to unexpected 
extubation, man-machine confrontation and other adverse 
events, and increases stress response, finally resulting in 
poor prognosis. Appropriate analgesia and sedation can 
reduce the stress response and increase the patient's treat-
ment tolerance (4).

In the past several decades, gamma-aminobutyric acid 
(GABA) receptor agonists (including propofol and ben-
zodiazepine drugs) have been the most commonly used 
sedation drugs in the ICU. However, GABA-mediated 
sedations often led to complications, such as delirium, res-
piratory depression and myocardial depression (5); over-
sedations were very common, patients could not be easily 
awakened, and it was difficult to assess the degree of se-
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dation. Some serious conditions, such as cerebral hemor-
rhage, cerebral infarctions and so forth, were delayed, and 
excessive sedation might also lead to cognitive dysfunc-
tion, prolonged application of ventilator, increased pulmo-
nary infection, prolonged hospital stay, etc. (6).

Dexmedetomidine is an α2-adrenergic receptor ago-
nist. Unlike traditional sedation drugs, dexmedetomidine 
mainly acts on the α2 adrenergic receptors in the cerebral 
nucleus ceruleus and spinal cord. It has central anti-sym-
pathetic and anxiolytic effects and certain analgesic effects 
(7-10). It has the following characteristics: It can produce 
a sedation effect similar to natural sleep. Within a certain 
range of dosage, the wake system function of the body still 
exists, so that the patient can be awakened to cooperate 
with the treatment. Meanwhile, it is beneficial to the eva-
luation of system function and almost has no inhibitory 
effect on the breathing of the patient (11, 12). Some studies 
have shown that it can lower the tracheal intubation rate, 
shorten the mechanical ventilation time, reduce the inci-
dence of ventilator-associated pneumonia, and shorten the 
stay in ICU. (13,14). However, some studies have shown 
that dexmedetomidine has certain adverse effects on the 
patient's hemodynamics, e.g. causing a decrease in heart 
rate and blood pressure (15-17), but, there is no relevant 
study on whether it may cause a decrease in cardiac out-
put and ischemia and hypoxia in tissues and organs while 
decreasing the heart rate and blood pressure. With criti-
cally ill patients who need to be admitted to the ICU after 
abdominal surgery as the subject, this experiment explored 
the above-mentioned issues.

Materials and Methods

Subjects
As a prospective, randomized controlled study. The se-

vere patients, who accepted abdominal surgery at the First 
Affiliated Hospital of Sun Yat-sen University and Huizhou 
Huiya Hospital of Sun Yat-sen University from May 2018 
to June 2021and needed to be transferred to SICU after sur-
gery, were taken as the subjects. Inclusion criteria include 
1. ≥ 18 years old; 2. Needed to be transferred to SICU after 
absolute surgery; 3. Not recovered from anesthesia at the 
time of transfer, carried tracheal intubation and required 
mechanical ventilation; 4. The patients or their clients and 
guardians were informed of and agreed to take part in the 
experiment; 5. This study has been approved in writing 
by the Ethics Committee of the First Affiliated Hospital 
of Sun Yat-sen University and all experiments were per-
formed in accordance with relevant guidelines and regu-
lations by with the Helsinki Declaration. Exclusion cri-
teria include 1. Heart rate <50 beats/min; 2. Circulation 
was unstable before enrollment and vasoactive drugs were 
required to maintain blood pressure; 3. The patients were 
anaphylactic to propofol, dexmedetomidine or relevant 
ingredients; 4. Pregnancy; 5. The patients participated in 
other clinical research within 30 days before this study; 6. 
The patient or his client or guardian refused to participate 
in the experiment.

Experimental methods
The selected patients were randomly divided into the 

Dexmedetomidine Group and Propofol Group according 
to the random data table. The patients of both groups were 
intravenously infused with Fentanyl for analgesia (loading 

dose: 0.0007mg/kg, maintenance dose: 0.5ug/kg/h). The 
patients of DEX Group were intravenously infused with 
dexmedetomidine for sedation (loading dose: 1 ug/kg, 
infused for 10min; maintenance dose: 0.3ug/kg/h ~); the 
patients of PRO Group were intravenously infused with 
propofol for sedation (loading dose: 0.5mg/kg infused for 
10min; maintenance dose: 0.5mg/kg/h ~). The bispectral 
index monitor (BIS VISTA, Aspect Medical, USA) was 
used to evaluate the level of sedation, and the dosage of 
the sedation drugs for both groups was adjusted according 
to the target sedation level (BIS value 60-80).

Monitoring indicators
Before the sedation and 5min, 10min, 30min, 1h, 2h, 

4h and 6h after the loading dose, the BIS values and he-
modynamics indices of the patients in both groups were 
recorded separately (Vigileo, Edwards, USA). Before the 
sedation and 6h after the sedation, radial arterial blood and 
central venous blood were collected for blood gas analy-
sis, and the oxygen dynamics indexes were calculated as 
well. Main observation indicators include: cardiac index 
(CI), stroke volume (SV), oxygen delivery (DO2), oxygen 
consumption (VO2) and lactate clearance rate; seconda-
ry observation indicators include: heart rate (HR), blood 
pressure (BP) and systemic vascular resistance (SVR).

ADRB2 gene analysis
First, the ADRB2 gene sequence was extracted from 

the NCBI database. Then the exact location of this gene 
was determined using the UCSC database. The OMIM 
database was used to check the antibodies that bind to the 
proteins of the target genes. Then cell comparisons were 
made using the Reactome database and ADRB2 gene 
expression in different body organs was checked by the 
Human Protein Atlas database.

Data analysis
In this study, SPSS18.0 software was adopted for data 

analysis. The measured data were described as mean ± 
standard deviation (x ± s) and the independent test was 
adopted for comparison within the group; the continuous 
data were compared and analyzed between groups by the 
analysis of variance, and P <0.05 indicated that the diffe-
rence was statistically significant.

Results

General information (patient characteristics)
In this study, 84 eligible patients were selected, inclu-

ding 18 liver transplantation cases due to liver cirrhosis 
or liver cancer, 8 cases of gastrointestinal malignant tu-
mor resection, 5 cases of liver cancer resection, 5 cases 
of retroperitoneal tumor resection, 3 cases of abdominal 
aortic aneurysm resection, 1 case of pelvic tumor resec-
tion, 1 case of common bile duct cancer resection and 1 
case of biliary fistula resection; the patients of PRO Group 
consisted of 10 cases of liver transplantation cases due to 
liver cirrhosis or liver cancer, 12 cases of gastrointestinal 
malignant tumor resection, 5 cases of liver cancer resec-
tion, 2 cases of retroperitoneal tumor resection, 3 cases of 
abdominal aortic aneurysm resection, 5 cases of intestinal 
perforation bowel resection, and 5 cases of pelvic tumor 
resection. During the study, a liver-transplanted patient in 
the DEX Group was found to have suffered a major abdo-
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Stroke volume (SV), systemic vascular resistance 
(SVR) and cardiac index (CI)

SV and SVR of the patients in the DEX Group increased 
significantly after the loading dose, but decreased signi-
ficantly from the baseline during the maintenance dose, 
while SV and SVR of the patients in the PRO Group were 
significantly higher than the baseline after the loading 
dose and during the maintenance dose (Figures 5 and 6); 

minal hemorrhage within 1h after the start of the study 
and had to be discontinued due to emergency surgery. 
There were 40 cases in the DEX Group and 44 in the PRO 
Group. There was no significant difference in disease type, 
gender, age, weight, acute physiology and chronic health 
score (APACHE-II) between the two groups of patients 
(P> 0.05) (Table 1); the difference in sedation level (BIS 
value) was also not statistically significant in the process 
of administration (P> 0.05) (Figure 1).

Heart rate and blood pressure
The heart rates of the patients in the DEX Group were 

significantly lower than the baseline during administra-
tion (how much vs. how much, p-value), and the heart 
rate decreased more significantly after the combined dose 
than during the maintenance dose (25.25±12.7bpmvs 
5.46±11.79bpm, P <0.05). However, the heart rates of the 
patients in the Propofol Group did not change significantly 
from the baseline during administration, and its effect on 
heart rate was smaller than that of dexmedetomidine (72 ± 
14 vs 84 ± 15bpm, P = 0.006) (Figure 2).

The blood pressure of the patients in the DEX Group 
increased significantly after the loading dose but decreased 
significantly during the maintenance dose when compared 
with the condition before administration. The blood pres-
sure of the patients in the PRO Group decreased signifi-
cantly during the loading dose and maintenance dose, but 
the difference between both groups was not statistically 
significant (P values were 0.165 and 0.067, respectively) 
(Figures 3 and 4).

DEX Group PRO Group P
Age (Year) 55±16 55±15 0.990
Sex (M/F) 30/7 26/11 0.650
Weight (kg) 64.9±11.2 64.0±13.3 0.752
APACHE II score 11.0±4.2 10.6±4.5 0.732
BIS score (before sedation) 71.7±12.6 74.4±10.9 0.315

Table 1. Comparison of General Information between Both Groups ( X ±s).

Figure 1. Effects of Dexmedetomidine and Propofol on BIS.

Figure 2. Effects of Dexmedetomidine and Propofol on HR.

Figure 3. Effects of Dexmedetomidine and Propofol on SBP.

Figure 4. Effects of Dexmedetomidine and Propofol on DBP.

Figure 5. Effects of Dexmedetomidine and Propofol on SV.

Figure 5. Effects of Dexmedetomidine and Propofol on SVR.
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meanwhile, during the sedation period, CI was significant-
ly lower than the baseline in both groups, but there was no 
statistical difference in the decreasing level of CI between 
both groups (P = 0.545) (Figure 7).

Oxygen delivery, oxygen consumption and lactate clea-
rance rate

Before administration, the oxygen delivery and oxygen 
consumption were at normal levels and there was no statis-
tical difference in the patients of both groups. 6h after the 
sedation, the oxygen delivery (DO2) and oxygen consump-
tion of the patients in both groups were significantly lower 
than those before administration; there was no statistical 
difference in the changes in oxygen delivery and oxygen 
consumption between both groups. Meanwhile, the lactate 
level in the Dexmedetomidine Group was significantly 
lower than in the Propofol Group, and the lactate clearance 
rate after 6h in the Dexmedetomidine Group was signifi-
cantly higher than in the Propofol Group (50.9 ± 22.2% 
VS 18.6 ± 36.0% P <0.01). In addition, the blood creati-
nine – a renal impairment index more sensitive to ischemia 
and hypoxia - showed no statistical difference before and 
after the sedation (Table 2).

Liquid balance, urine output
There was no statistical difference in the liquid intake 

and output at 6 hours between both groups (intake: 1168 
± 373ml VS 1109 ± 470ml P = 0.54) and (output: 834 ± 
665ml VS 639 ± 369ml P = 0.130). After 6h observation 
of the mechanical ventilation (12.3 ± 7.7 VS 21.7 ± 50.7 
P = 0.259), the doctors in charge were instructed to adjust 
DEX or PRO according to the condition until disconti-
nuing them. Finally, the ICU stays in both groups (1.5 ± 
1.1 VS 1.7 ± 2.1 P = 0.552) were not statistically different 
(Table 3).

Incidence of postoperative delirium
The incidence of postoperative delirium in the Dexme-

detomidine Group was significantly lower than in the Pro-
pofol Group (7.5% VS 29.5% P <0.05) (Table 4).

Cellular analysis and ADRB2 gene expression
The cellular analysis of the ADRB2 gene by antibodies 

that bind to the proteins of target genes showed that the pro-
tein encoded by the ADRB2 gene is present in the cytosol 
in a larger quantity. Also, the examination of gene expres-
sion in different organs of the body showed the expression 
of the ADRB2 gene in the respiratory system, skin, and 

Figure 7. Effects of Dexmedetomidine and Propofol on CI.

Group DO2 (ml.min-1.m-2) VO2 (ml.min-1.m-2 ) Creatinine 6H lactate clearance rate 
(%)T1 T2 T1 T2 T1 T2

DEX 612±79 485±88a 230±24 165±18a 88±12 78±16 50.9±22.2b

PRO 625±98 498±101a 218±19 158±23a 96±21 89±25 18.6±36.0

Table 2. Effects of Dexmedetomidine and Propofol on oxygen metabolism in organs.

Note: T1 - before sedation, T2 - 6 h after sedation, a - P <0.05 while compared with the condition before administration in 
the same group, b - p <0.05 while compared with the control group at the same point.

Table 3. Effects of Dexmedetomidine and Propofol on liquid intake/output, mechanical ventilation 
and hospital stay.

Dex Group              PRO Group P
6h intake (ml) 1168±373ml 1109±470ml 0.54
6h output (ml) 834±665ml 639±369ml 0.130
Mechanical ventilation (h) 12.3±7.7 21.7±50.7 0.259
ICU stay (day) 1.5±1.1 1.7±2.1 0.552

Delirium incidence [n (%)]
Group T1 T2 T3 T4 Total 
DEX Group 0 1(2.5) 2(5.0) 0 3(7.5)
PRO Group 0 6(13.6) 5(11.4) 2(4.5) 13(29.5)
P 0.011

Table 4. Effects of dexmedetomidine and propofol on the incidence of delirium after abdominal surgery.

Figure 8. Examining ADRB2 gene expression in different body or-
gans.
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connective and soft tissue more than in other organs and 
the eye, pancreas, and endocrine tissues including the thy-
roid gland, the parathyroid gland, the adrenal gland, and 
the pituitary gland less than other organs. Gene expression 
study by microarray expression data also confirmed these 
findings (Figure 8) (18).

Discussion

This study showed that the patients in the Dexmede-
tomidine Group had a significantly lower heart rate than 
those in the Propofol Group during the experiment, which 
was more pronounced in the patients with tachycardia, 
and the incidence of bradycardia was not high (3 of 37 
patients) and did not need drug intervention. The studies 
by Tobias and Chrysostomou have pointed out (19-21) 
that dexmedetomidine could reduce the incidence of ven-
tricular and supraventricular tachycardia and even make 
the borderline tachycardia cardioversion to the sinus heart 
rate, which might be related to the inhibition of the sym-
pathetic nerve excitability. Thus, tachycardia patients with 
stable hemodynamics might benefit more from dexmede-
tomidine sedation.

We found that, unlike the Propofol Group, the blood 
pressure of the patients in the Dexmedetomidine Group 
increased significantly during the loading dose, but de-
creased significantly during the maintenance dose. Maka-
ritsis(22) et al. pointed out that high doses of α2 recep-
tor agonists dominated the role of α2B receptors on the 
smooth muscle of the resistance vessel, which might cause 
a rise in blood pressure, and some scholars even believed 
that it might be the pathogenesis of essential hypertension. 
The study of Ebert et al. on dexmedetomidine (23) also 
pointed out that the low-dose (0.25–1 mg/kg) load would 
lead to a decrease in blood pressure and cardiac output, 
while a higher loading dose (1–4 mg/kg) might cause the 
rise of blood pressure and the reflex bradycardia. In this 
experiment, the dose for the patients in the Dexmedeto-
midine Group was same with Gerlach et al (24) results. 
Therefore, for patients with unstable blood pressure, we 
could slow down the infusing speed of the loading dose to 
avoid sharp fluctuation of blood pressure.

The animal studies by Lee et al. (25) showed that dex-
medetomidine could offset the decrease of cardiac output 
caused by slowing heart rate by increasing systemic vas-
cular resistance and cardiac contractile function. Simi-
larly, we found that the heart rate slowing of the patients 
in Dexmedetomidine Group was accompanied by the in-
crease of peripheral vascular resistance and stroke volume 
(SV), which was more pronounced after the loading dose. 
The increase of SV also suggested that dexmedetomidine 
sedation might have the effect of enhancing myocardial 
contractility, but its mechanism should be further resear-
ched.

Dexmedetomidine not only exerted sedation, hypno-
sis and anxiety resistance through the α2A receptor of the 
nucleus ceruleus of the brainstem but also could inhibit the 
activity of peripheral sympathetic nerves and accordingly 
reduce the secretion of norepinephrine and epinephrine (26) 
so that the patient could be in the status of the systematic 
sympathetic nerve suppression. Other studies have shown 
that (27) dexmedetomidine could also reduce the oxidative 
stress and inflammatory response of the body. These ef-
fects could significantly reduce the need for oxygen supply 

in patients, lighten the sensitivity of tissues and organs to 
ischemia and hypoxia and play a role in protecting organ 
functions. Fuhai Ji et al. pointed out that the application 
of dexmedetomidine could significantly reduce the inci-
dence of acute kidney injury in patients after cardiac sur-
gery, and inhibit the expression of P38 mitogen-activated 
protein kinase (P38-MAPK) and thioredoxin-interacting 
protein (TXNIP), which had renal protection for ische-
mia-reperfusion injury in the diabetic nephropathy mouse 
model (28, 29). The results of this study also showed that 
oxygen consumption also decreased synchronously along 
with the significant decrease of oxygen delivery. Finally, 
the patients did not show any signs of tissue and organ 
ischemia and hypoxia: there was no obvious abnormality 
in renal function, the level of lactic acid was normal, and 
the lactate clearance rate was also higher than that of the 
Propofol Group.

Dexmedetomidine can cause a slowing of heart rate and 
dropping of blood pressure and more liquid or vasoactive 
drugs may be needed clinically. Due to the short research 
period, no significant increase in liquid demand and appli-
cation of vasoactive drugs was found in this study, the 6h 
liquid demand was equivalent, and the output of Dexme-
detomidine Group was even more than Propofol Group. 
So, the difference between both groups was not statisti-
cally significant. Compared with the Propofol Group, the 
total average time of dependence on the ventilator and the 
stay in ICU was much shorter (although the difference was 
not statistically significant), which indicated that dexme-
detomidine was safer and more effective in these patients.

Various studies indicate the effects of adrenergic recep-
tors on neuronal excitability and sympathetic regulation of 
the cardiovascular system. It seems that in general, beta-
adrenergic receptors increase the release of glutamate and 
increase neurogenesis, causing an increase in neuronal ex-
citability and induction of long-term strengthening in brain 
synapses, which play an effective role in the anesthesia 
system. However, the role of adrenergic receptors in the 
changes caused by the cardiovascular system and synaptic 
plasticity is still not well known and should be given more 
attention in future research.

Limitation
As the research duration was too short, this study was dif-
ficult to assess the impact on the long-term prognosis of 
the patients.

Conclusion
Dexmedetomidine can significantly lower the heart rhythm 
of patients with abdominal surgery, but its effect on car-
diac output and oxygen metabolism is not significantly 
different from propofol.
  
Consent for publication
Not Applicable.

Availability of data
All data generated or analyzed during this study are in-
cluded in this article.

Competing interests
None of the authors declare any competing interests.



92

Zongqin Lin et al. / Dexmedetomidine and propofol on hemodynamics, 2023, 69(1): 87-92

Conflicts of Interest
The authors have nothing to declare under this clause.

References 

1.   Wang Y, Jiang S. The role of ADRB2 gene polymorphisms in 
malignancies. Mol Biol Rep 2021; 48(3): 2741-2749.

2.     Staalsø JM, Rokamp KZ, Olesen ND, Lonn L, Secher NH, Olsen 
NV, Mantoni T, Helgstrand U, Nielsen HB. ADRB2 gly16gly 
Genotype, Cardiac Output, and Cerebral Oxygenation in Patients 
Undergoing Anesthesia for Abdominal Aortic Aneurysm Surgery. 
Anesth Analg. 2016 Dec;123(6):1408-1415. doi: 10.1213/
ANE.0000000000001563. PMID: 27632347.

3. Tsay S.F., et al., The experiences of adult ventilator-dependent 
patients: a meta-synthesis review. Nurs Health Sci 2013; 15(4): p. 
525-33.

4. Selvaraj N. Use of dexmedetomidine infusion as a sedative drug 
for patients in the intensive  care unit. Nurs Stand 2017; 31(44): 
42-50.

5. Pandharipande P., et al. Lorazepam is an independent risk factor 
for transitioning to delirium in intensive care unit patients. 
Anesthesiol 2006; 104(1): p. 21-6.

6. Fernandez-Gonzalo S, Turon M, De Haro C, López-Aguilar 
J, Jodar M, Blanch L. Do sedation and analgesia contribute to 
long-term cognitive dysfunction in critical care survivors? Med 
Intensiva (Engl Ed). 2018 Mar;42(2):114-128. English, Spanish. 
doi: 10.1016/j.medin.2017.06.010. Epub 2017 Aug 26. PMID: 
28851588.

7. Wasmann RE, Muilwijk EW, Burger DM, Verweij PE, 
Knibbe CA, Brüggemann RJ. Clinical Pharmacokinetics and 
Pharmacodynamics of Micafungin. Clin Pharmacokinet. 2018 
Mar;57(3):267-286. doi: 10.1007/s40262-017-0578-5. PMID: 
28791666; PMCID: PMC5814521.

8. Mo Y, Zimmermann AE. Role of dexmedetomidine for the 
prevention and treatment of delirium in intensive care unit 
patients. Ann Pharmacother. 2013 Jun;47(6):869-76. doi: 10.1345/
aph.1AR708. PMID: 23719785.

9. Panchgar V, et al. The Effectiveness of Intravenous 
Dexmedetomidine on Perioperative Hemodynamics, Analgesic 
Requirement, and Side Effects Profile in Patients Undergoing 
Laparoscopic Surgery Under General Anesthesia. Anesth Essays 
Res 2017; 11(1): p. 72-77.

10. Chen Y., et al. Development and validation of risk-stratification 
delirium prediction model for critically ill patients: A prospective, 
observational, single-center study. Medicine (Baltimore). 
2017;96(29): p. e7543.

11. Venn RM, Hell J, Grounds RM. Respiratory effects of 
dexmedetomidine in the surgical patient requiring intensive care. 
Crit Care. 2000;4(5):302-8. doi: 10.1186/cc712. Epub 2000 Jul 
31. PMID: 11056756; PMCID: PMC29047.

12. Zhao J. C. Zhou. The protective and hemodynamic effects of 
dexmedetomidine on hypertensive cerebral hemorrhage patients 
in the perioperative period. Exp Ther Med 2016;12(5): 2903-
2908.

13. Pasin L, Greco T, Feltracco P, Vittorio A, Neto CN, Cabrini L, 
Landoni G, Finco G, Zangrillo A. Dexmedetomidine as a sedative 
agent in critically ill patients: a meta-analysis of randomized 

controlled trials. PLoS One. 2013 Dec 31;8(12):e82913. 
doi: 10.1371/journal.pone.0082913. Erratum in: PLoS One. 
2014;9(1). doi:10.1371/annotation/3f0f682b-f8aa-4e9c-9d60-
8aac54bb4c22. PMID: 24391726; PMCID: PMC3877008.

14. Lin YY., et al. Can dexmedetomidine be a safe and efficacious 
sedative agent in post-cardiac surgery patients? a meta-analysis. 
Crit Care 2012; 16(5): p. R169.

15. Ueno K., et al. Dexmedetomidine is Associated with an Increased 
Incidence of Bradycardia in Patients with Trisomy 21 After 
Surgery for Congenital Heart Disease. Pediatr Cardiol 2016;37(7): 
p. 1228-34.

16. Patel CR., et al. Effect of intravenous infusion of dexmedetomidine 
on perioperative haemodynamic changes and postoperative 
recovery: A study with entropy analysis. Indian J Anaesth 2012; 
56(6): 542-6.

17. Shuplock JM., et al. Association between perioperative 
dexmedetomidine and arrhythmias after surgery for congenital 
heart disease. Circ Arrhythm Electrophysiol. 2015; 8(3): 643-50.

18. Mirzaei AR, Fazeli F. Bioinformatics analysis of microtubule-
associated protein-1 light chain 3 (MAP1LC3A) and (BECN1) 
genes in autophagy. Cell Mol Biomed Rep. 2022; 2(3), 129-137.

19. Tobias JD, Chrysostomou C. Dexmedetomidine: antiarrhythmic 
effects in the pediatric cardiac patient. Pediatr Cardiol 2013; 
34(4): 779-85.

20. Chrysostomou C., et al. Perioperative use of dexmedetomidine 
is associated with decreased incidence of ventricular and 
supraventricular tachyarrhythmias after congenital cardiac 
operations. Ann Thorac Surg. 2011;92(3): p. 964-72.

21. Chrysostomou C. et al. Dexmedetomidine: a novel drug for the 
treatment of atrial and junctional tachyarrhythmias during the 
perioperative period for congenital cardiac surgery:  a preliminary 
study. Anesth Analg 2008; 107(5): 1514-22.

22. Makaritsis K.P., et al. Role of alpha(2)-adrenergic receptor 
subtypes in the acute hypertensive response  to hypertonic saline 
infusion in anephric mice. Hypertension 2000; 35(2): 609-13.

23. Ebert TJ, et al. The effects of increasing plasma concentrations of 
dexmedetomidine in humans. Anesthesiol 2000; 93(2): 382-94.

24. Gerlach AT, et al. A new dosing protocol reduces dexmedetomidine-
associated hypotension in critically ill surgical patients. J Crit 
Care. 2009; 24(4): 568-74.

25. Lee K, et al. Assessment of dexmedetomidine effects on left 
ventricular function using pressure-volume loops in rats. J Anesth. 
2017; 31(1): 18-24.

26. Zhao J, Zhou C. The protective and hemodynamic effects of 
dexmedetomidine on hypertensive cerebral hemorrhage patients 
in the perioperative period. Exp Ther Med 2016; 12(5): 2903-
2908.

27. Gao S, et al. Effects of dexmedetomidine pretreatment on heme 
oxygenase-1 expression and oxidative stress during one-lung 
ventilation. Int J Clin Exp Pathol 2015; 8(3): p. 3144-9.

28. Ji F., et al. Post-bypass dexmedetomidine use and postoperative 
acute kidney injury in patients undergoing cardiac surgery with 
cardiopulmonary bypass. PLoS One. 2013.; 8(10):  e77446.

29. Yeda X, et al. Dexmedetomidine protects against renal ischemia 
and reperfusion injury by inhibiting the P38-MAPK/TXNIP 
signaling activation in streptozotocin induced diabetic rats. Acta 
Cir Bras 2017; 32(6): 429-439.


