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Background: This study aimed to clarify the protective role of dexmedetomidine in thoracoscopic-assisted thoracic surgery
(TATS), including control of the intraoperative heart rate, blood pressure, and myocardial injury markers.
Material/Methods: The patients who underwent TATS were divided into 2 equal groups: the dexmedetomidine group (dexme-
detomidine pumped at 0.5 pg/kg for >10 min before the administration of anesthesia and at 0.5 pg/kg in the
maintenance period) and the control group (pumped normal saline for >10 min before the administration of
anesthesia). The data recorded for each patient were heart rate (preoperative, maximum intraoperative, and
minimum intraoperative), systolic and diastolic blood pressure, intraoperative hemodynamic data, and intra-
operative cardiovascular drugs administered. An enzyme-linked immunosorbent assay was performed to as-
sess the postoperative levels of cardiac troponin | (cTnl), creatine kinase isoenzyme, myoglobin, and N-terminal
pro-B-type natriuretic peptide (NT-proBNP).

Results: There were no significant differences in the age, sex, body height, body weight, American Society of Anesthesiologists
classification grade, resection mode, operation time, ejection fraction, basal heart rate, and systolic and dia-
stolic blood pressure of the 2 groups. In the dexmedetomidine group, the patients’ maximum intraoperative
heart rate and diastolic pressure decreased, and the postoperative hospital stay period was shorter. The post-
operative peripheral blood test for the dexmedetomidine group showed higher NT-proBNP levels and lower
cTnl levels.

Conclusions: Preoperative administration of dexmedetomidine can benefit hemodynamic stability, protect the cardiovascu-
lar system in the intraoperative and postoperative periods, and shorten postoperative hospitalization.
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Material and Methods

Dexmedetomidine is a selective a-2 adrenoceptor agonist,
which can exert sedative, analgesic, and anxiolytic effects. In
surgical application, dexmedetomidine is administered to main-
tain the balance of hemodynamic factors and provide effec-
tive analgesia; this helps reduce the use of anesthetics [1,2].
For patients with endotracheal intubation under general anes-
thesia, it can maintain hemodynamic stability, facilitate intra-
operative management, and reduce the occurrence of serious
cardiac accidents, including myocardial ischemia in surgical
patients with cardiovascular disease [3-5].

In video-assisted thoracoscopic surgery (VATS) or thoracoscopic-
assisted thoracic surgery (TATS), myocardial hypoxia frequent-
ly occurs due to 1-lung ventilation, imbalance of the ventila-
tion/blood-flow ratio, and other complications [6-9]. Factors
including pressure on the heart and change of pulmonary cir-
culation cause hemodynamic fluctuation, resulting in myocar-
dial injury due to insufficient myocardial perfusion. Given the
role of dexmedetomidine in surgery, we assumed it can pro-
vide myocardial protection in the perioperative period for pa-
tients undergoing TATS. Although dexmedetomidine was used
in several VATS studies, the focus was its effect on the quality
of recovery, postoperative pulmonary function, and postoper-
ative intravenous analgesia [10-12]. The aim of this study is
to illuminate its myocardial-protective role in TATS, including
control of the intraoperative heart rate and blood pressure,
and the levels of myocardial injury markers.

Study Population

The design and workflow of this clinical trial are presented in
Figure 1. The trial was conducted from June 2018 to December
2018. The inclusion criteria were patients aged 15 years to 80
years, American Society of Anesthesiologists (ASA) classifica-
tion grade Il or grade Ill and ready for VATS, body weight 40
kg to 80 kg, body mass index 19 kg/m? to 24 kg/m?, no signs
of difficult intubation, no history of mental disorders, and a
normal ST segment in the preoperative electrocardiogram.

The exclusion criteria were patients with arrhythmias, atrio-
ventricular blocks, liver or kidney dysfunction, pulmonary dis-
eases, endocrine diseases, preoperative bradycardia (heart
rate [HR] <40 beats/min) or >2" degree heart block, history
of myocardial infarction, heart failure, myocarditis, and hyper-
trophic cardiomyopathy.

The 175 subjects were divided into 2 equal groups: the dexme-
detomidine group and the control group (1: 1). Patients were
assigned to the groups by randomization using the statistical
software R (Bell Laboratories, New Jersey, USA). During the op-
eration and drug administration, we referred to the methods by
Du et al (2018) [13]. The patients were monitored throughout
the operation by 5-lead electrocardiographs (ECG), 24-h ambu-
latory blood pressure, and end-tidal carbon dioxide pressure.
In the dexmedetomidine group, the patients received a dose of
dexmedetomidine (0.5 ug/kg) before anesthesia. Subsequently,
dexmedetomidine was infused intravenously at 0.5 ug/kg/h.
The control group patients continuously received saline for 10
min before the administration of anesthesia.

176 patients

VATS

Informed consent

Randomization

Excluded

Figure 1. Flow diagram for the study.

Dexmedetomidine group
(n=88)
Dexmedetomidine was infused
intravenously at a load of 0.5 pg/kg
(over 10 minutes), then 0.5 pg/kg/h
continously pumped into the vein until
lobectomy

(n=87)

Control group

Same amount of normal saline was
infused intravenously at the same speed
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In the operating room, each patient’s ECG and blood oxy-
gen saturation were continuously monitored. An electroen-
cephalogram bispectral (BIS) index monitor (Aspect Medical,
Inc., Newton, USA) was connected, oxygen was administered
through a mask, and an upper-limb venous infusion channel
was established. Then, the patients from both groups were giv-
en the standard induction regimen for anesthetic management
(sufentanil 0.5 pg/kg, propofol 1.0-2.5 mg/kg, and cisatracuri-
um 0.15 mg/kg). After performing a double-lumen intubation
for single-lung ventilation and a fiberoptic bronchoscope po-
sitioning, TATS was performed on each patient. In the dexme-
detomidine group, a 0.5 pg/kg dexmedetomidine intravenous
injection was administered every hour for anesthesia mainte-
nance and 1 ng/ml to 4 ng/ml remifentanil plus sevoflurane
were administered every hour. The BIS index was maintained
between 40 and 60. Cisatracurium was used to maintain mus-
cle relaxation (if necessary) and the real-time ventilator pa-
rameters were adjusted to maintain normal end-tidal carbon
dioxide levels.

The key intraoperative interventions and data monitoring were
that all hemodynamic changes that lasted longer than 1 min-
ute during the operation were intervened. The intraoperative
mean arterial pressure was monitored; if this index was 30%
lower than the baseline, it was considered to be intraopera-
tive hypotension, and an intravenous infusion of 0.2 mg do-
pamine was rapidly administered. If the intravenous infusion
was not effective, then 2 mg intravenous dopamine was in-
jected. If the intraoperative mean arterial pressure index was
30% higher than the baseline, it was considered intraopera-
tive hypertension, and 0.2 mg intravenous nicardipine was ad-
ministered. During the operation, esmolol was used to treat
tachycardia (heart rate >110 beats/min). Each patient was ad-
ministered parecoxib (40 mg), sufentanil (0.1 pg/kg), and 1 ml
ropivacaine (0.5%) by intramuscular injection around the inci-
sion to infiltrate the surgical wound.

Outcome Observation

The data recorded for each patient were the preoperative heart
rate (HRpre), preoperative systolic pressure (SYSpre), preopera-
tive diastolic pressure (DIApre), maximum intraoperative heart
rate (HRmax), minimum intraoperative heart rate (HRmin), max-
imum intraoperative systolic pressure (SYSmax), minimum in-
traoperative systolic pressure (SYSmin), maximum intraopera-
tive diastolic pressure (DIAmax), and minimum intraoperative
diastolic pressure (DIAmin). Twenty-four hours after the op-
eration, venous blood was drawn, and an enzyme-linked im-
munosorbent assay was performed to assess the concentra-
tions of cardiac troponin | (cTnl), creatine kinase isoenzyme
(CK-MB), myoglobin (MB), and N-terminal pro-B-type natri-
uretic peptide (NT-proBNP). The patients’ hospital-stay pe-
riod (from the admission date to the date of discharge) was
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recorded. The criteria for discharge were good condition of the
patient, and the absence of myocardial infarctions, severe ar-
rhythmias, myocardial ischemia (other cardiovascular compli-
cations), cerebral infarction, cerebral hemorrhage, pulmonary
embolism, pulmonary infection, atelectasis, pulmonary hem-
orrhage, obvious postoperative pain, and obvious postoper-
ative cognitive impairment, as well as a daily thoracic drain-
age volume <200 ml.

Statistical Analysis

Continuous variables were presented as means with standard
deviations (SD) and compared using the t test or medians with
interquartile ranges and the Mann-Whitney U test. Categorical
variables were presented as frequencies with percentages and
compared using Fisher’s exact test or the chi-square test. All
statistical analyses were performed using SAS version 9.2 (SAS
Institute, Inc., Cary, NC, USA). Two-sided P values of <0.05 were
considered statistically significant.

This study is registered on the Chinese Clinical Trial Registry
(ID: ChiCTR-IPR-1800017118) and approved by the Ethics
Committee of Shanghai Pulmonary Hospital. Each patient gave
informed consent to be part of this study.

Results

Clinical Characteristics of Enrolled Patients

A total of 175 patients were enrolled in the study, with 88 pa-
tients assigned to the dexmedetomidine group and 87 patients
assigned to the control group. There were no significant dif-
ferences in age, sex, body height, body weight, ASA classifica-
tion grade, resection mode, operation time, and ejection frac-
tion between the 2 groups (P>0.05) (Table 1). The basal heart
rate, systolic pressure, and diastolic pressure were compara-
ble (P>0.05) between the 2 groups.

Dexmedetomidine Decreased the Maximum Intraoperative
Heart Rate

Three types of heart rate (HRpre, HRmax, and HRmin) were re-
corded in this trial. Only HRmax was significantly decreased in
the dexmedetomidine group (t=5.142, P<0.01) (Figure 2A). The
number of patients with heart rates >110 beats/min decreased
in the dexmedetomidine group (1/88 vs 8/87, P<0.016) (Table 2).

Dexmedetomidine Decreased the Maximum Intraoperative
Diastolic Pressure

The DIAmax of the dexmedetomidine group was significant-
ly decreased compared to the control group (t=3.004, P<0.01)
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Table 1. Clinical characteristics of the study population.

Dexmedetomidine group Control group

Variables (n=88) (n=87) LA
Age (years) 66.7+6.6 67.6%7.0 0.066
o Males 66 (750% a9 G57%)
SEX 0.672
Females 22 (25.0%) 39 (44.3%)
CHeight @ 1628843 1672422 o 0542
Cwegt @ 539824 54119 o 0924
S 9 @O7% 8 ©31%
ASA classification grade o 0.669
1l 9 (10.3%) 6 (6.9%)
- lobectomy 61 €93% 58 659%) o614
Resection mode Wedge 13 qas% 0 @27% 0502
Csegment 14 qso% 0 a13%) 0707
Gection fraction 57.4192% 565:73% 0673
Operationtime  (hows) 23104 26803 0704
Preoperative heartrate  (beats/min) 701151228 720441335 0275
Preoperative systolic pressure  (mmHg) 14582610898 1347041949 o 0348
Preoperative diastolic pressure  (mmHg) 766081644 758451040 0716

ASA — American Society of Anesthesiologists. P<0.05 was considered statistically significant.

(Figure 2B), while no differences were observed in DIApre or
DIAmin. Dexmedetomidine did not significantly affect the systol-
ic pressure before or during the operation (P>0.05) (Figure 2C).
The frequencies of intraoperative hypotension and hyperten-
sion were significantly lower in the dexmedetomidine group,
and consequently the amounts of nicardipine (0.24+0.83 vs
0.70+1.50, P=0.013) and dopamine (0.34+0.97 vs 1.70+2.10,
P<0.001) administered to these patients intraoperatively were
significantly lower (Table 2).

Dexmedetomidine Shortened Postoperative Hospitalization

A comparison of the postoperative hospital stay periods be-
tween the 2 groups showed the dexmedetomidine group
had a shorter postoperative hospital stay (5.00+1.27 days vs
5.57+1.44 days, P=0.006), which shows an additional econom-
ic advantage of dexmedetomidine administration.

Dexmedetomidine Increased Postoperative NT-ProBNP
Levels

Out of the 4 postoperative indices (NT-proBNP, cTnl, CK-MB,
and MB) measured in peripheral blood, the NT-proBNP levels
had significantly increased in the dexmedetomidine group
(t=3.757, P<0.01), and there was a significant decrease in cTnl

(t=2.169, P<0.05). No changes were observed for CK-MB and
MB between the 2 groups (Figure 2D). This result suggests
that dexmedetomidine has a protective effect on the myocar-
dium; however, this conclusion needs further confirmation.

Discussion

Perioperative myocardial infarction occurs in 3% of major sur-
gery patients [14], and is the primary cause of death. Myocardial
injury after a noncardiac surgery (MINS) has a 1-month mor-
tality rate of 0.5% to 2% [15-17]. Perioperative myocardial in-
farction is frequently accompanied by an imbalance of the ven-
tilation/blood flow ratio, and abnormal intraoperative blood
pressure. Alpha-2 adrenoreceptor agonists exhibit strong anal-
gesic and sedative properties; they can cause dilation of blood
vessels and reduce intraoperative blood pressure.

Dexmedetomidine is widely used in current clinical anesthe-
sia, Intensive Care Unit management, and pain treatment. It
has been reported that dexmedetomidine administration im-
proves cardiac outcomes during noncardiac surgery [18,19].
Dexmedetomidine preconditioning reduces the incidence of re-
perfusion-induced ventricular arrhythmias and the infarct area
in animal myocardial ischemia/reperfusion models [20-22].

Indexed in:  [Current Contents/Clinical Medicine] [SCI Expanded] [ISI Alerting System]
[ISI Journals Master List] [Index Medicus/MEDLINE] [EMBASE/Excerpta Medica]
[Chemical Abstracts/CAS]

This work is licensed under Creative Common Attribution-
NonCommercial-NoDerivatives 4.0 International (CC BY-NC-ND 4.0)

€929949-4




LiH.etal:

Effect of Dexmedetomidine on perioperative hemodynamics... C LI N I CA L R E S EA Rc H

© Med Sci Monit, 2021; 27: €929949

A 150 B 150 [ Control
B Dexmedetomidine
100 % 100
= E
£ g
= =
= =
50 2 50
g
0 0 -
HRpre HRmax HRmin DIApre DIAmax DIAmin
C D
300 7 800 & Control
v Il Dexmedetomidine
— = 600
= £
E 200 =
£ =
e S
2 £ 400 —
[ >
s =3
S 10 2
o - <
2 £
A £ 200
*
0 0 -
SYSpre SYSmax SYSmin cIn NT proBNP MB CK-MB

Figure 2. The intraoperative effect of dexmedetomidine on heart rate and blood pressure, and postoperative N-terminal pro-B-type
natriuretic peptide. (A) Maximum intraoperative heart rate (HRmax) decreased in the dexmedetomidine group. (B) Maximum
intraoperative diastolic pressure (DIAmax) significantly decreased in the dexmedetomidine group. (C) Dexmedetomidine
did not impact the systolic pressure before or during the operation. (D) Dexmedetomidine increased the postoperative
N-terminal pro-B-type natriuretic peptide levels and decreased the postoperative cTnl levels. * P<0.05; ** P<0.01.

Table 2. Intraoperative hemodynamic results and the duration of hospital stay.

Dexmedetomidine group Control group

Variables (n=88) (n=87)

Intraoperative hypotension oo 0.011
Yes 25 41
No 77 60
Intraoperative hypertension o 0.003
Yes 11 27
No 87 79
Heart rate >110 beats/min oo 0.016
Yes 1 8
Dopamine (mg) 0.34+0.97 1.7042.10 <0.001
Nicardipine (mg) 0.24+0.83 0.70+1.50 0.013
Atropine (mg) 0.25+0.33 0.06+0.18 <0.001
Esmolol (mg) 0.23+2.13 2.99+9.90 0.013
Hospital stay (days) 5.00+1.27 5.57+1.44 0.006

P<0.05 was considered statistically significant.
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In patients undergoing VATS, the frequency of severe emer-
gence agitations was lower in the dexmedetomidine group,
and the length of hospital stay was significantly shorter [12].
Moreover, dexmedetomidine can exert an anti-inflammatory
effect (in conditions including lung ischemia-reperfusion inju-
ry) [23], and the possible mechanisms include the reduction of
serum levels of inflammatory cytokines. Animal studies have
reported that dexmedetomidine can reduce myocardial isch-
emia-reperfusion injury in the isolated hearts of animals and
plays a protective role in the heart in cardiac surgery or treat-
ment [24-26].

This is one of the first studies to examine the intraopera-
tive HRmax and DIAmax control for a medium-sized cohort
of thoracic surgery patients under preoperative dexmedeto-
midine administration. We clearly demonstrated that dexme-
detomidine can influence the extremum of intraoperative HR
and blood pressure. Administration of dexmedetomidine at a
dose of 0.5 ug/kg/h did not influence the minimum values, al-
though it controlled the maximum values of HR and diastol-
ic pressure. A similar effect of maximal heart rate control can
be exerted by the preoperative use of a beta blocker [27], and
is regarded as a potential benefit in reducing the physiologic
stress and risk of perioperative cardiac morbidity.

An independent study compared the use of dexmedetomidine
and propofol on hemodynamic effects and revealed that di-
astolic blood pressure was higher in the propofol group [28].
During thoracic surgery, when the patient is lying on their
side, 1-lung ventilation can easily cause a ventilation/blood
flow disorder, increase chest pressure on the ventilation side,
and consequently cause a decrease in the return blood flow.
At the same time, the change in pulmonary circulation pres-
sure can lead to the insufficiency of coronary perfusion. The
operation of pulling and compressing the heart can cause he-
modynamic fluctuation, which can further aggravate the myo-
cardial injury. We found HRmax was suppressed by dexmedeto-
midine, which helps reduce myocardial oxygen consumption
and cardiac work.

The mean postoperative NT-proBNP level increased in the dex-
medetomidine group. NT-proBNP is a well-established diagnos-
tic and prognostic biomarker for heart failure and acute cor-
onary syndromes [29]. The perioperative NT-proBNP level is a
potential marker of congenital heart disease in children [30]
and perioperative cardiac events in the elderly [31]. In patients
receiving aortic valve intervention, the NT-proBNP level dis-
played a transient early postoperative increase with a peak on
day 3 [29]. The correlation between the blood NT-proBNP level
and dexmedetomidine has rarely been observed. Only 1 associ-
ated study showed the opposite result, where cTnl, NT-proBNP,
and high-sensitivity C-reactive protein significantly decreased

LiH.etal:
Effect of Dexmedetomidine on perioperative hemodynamics...
© Med Sci Monit, 2021; 27: €929949

in the dexmedetomidine group [32]. This may be due to their
study population being elderly patients diagnosed with cor-
onary heart disease, who underwent gastric cancer surgery.
The cohorts were distinct between the present study and the
above study [32]. Nevertheless, they demonstrated a conclu-
sion consistent with the present study; the incidence of bra-
dycardia increased, although the incidence of silent myocar-
dial ischemia/arrhythmia decreased in the dexmedetomidine
group. Another possible explanation is that dexmedetomi-
dine exerts a vasodilatory effect, and more fluid can be used
to stabilize the hemodynamics. Perhaps the infusion rate or
infused volume could affect the NT-proBNP for transient car-
diac congestion or decreased renal function, which degrades
the NT-proBNP. However, this hypothesis needs to be verified
by further trials. To date, this is the first report that observed
an increase of postoperative NT-proBNP in the dexmedetomi-
dine-treated patients. However, more evidence is needed to
confirm this conclusion and the potential mechanism.

There are some limitations in this study. First, the mechanism
of the effect of dexmedetomidine on perioperative hemody-
namics and myocardial protection is still unknown. In limit-
ed cases, there are large standard errors in some indices (eg,
SYSpre in Figure 2C), which means the result is not completely
conclusive. Finally, whether the postoperative NT-proBNP lev-
els will increase with the dexmedetomidine treatment is still
to be clarified; and if this is an adverse reaction to dexme-
detomidine, avoiding this reaction is a challenge to overcome.

Conclusions

Preoperative and operative administration of dexmedetomi-
dine can control the hemodynamic stability and have a protec-
tive effect on the cardiovascular system in the intraoperative
and postoperative periods, as well as shorten the postopera-
tive hospital stay.
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