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Dexmedetomidine as an anesthetic adjunct ==

is associated with reduced complications
and cardiac intensive care unit length of stay
after heart valve surgery

Zhi-Wei Fan'", Yu-Xian Tang'", Tuo Pan?, Hai-Tao Zhang? He Zhang?, Da-Liang Yan?, Dong-Jin Wang'***" and
Kai Li*"

Abstract

Background We sought to explore the relationship between dexmedetomidine as an anesthetic adjuvant in cardiac
surgery and postoperative complications and length of stay (LOS) in the cardiac intensive care unit (CICU).

Methods We conducted a retrospective study of patients aged 18 years and older who underwent heart valve
surgery between October 2020 and June 2022. The primary endpoint of the study was major postoperative complica-
tions (cardiac arrest, atrial fibrillation, myocardial injury/infarction, heart failure) and the secondary endpoint was pro-
longed CICU LOS (defined as LOS > 90th percentile). Multivariate logistic regression analysis was performed for vari-
ables that were significant in the univariate analysis.

Results A total of 856 patients entered our study. The 283 patients who experienced the primary and secondary
endpoints were included in the adverse outcomes group, and the remaining 573 were included in the prognostic
control group. Multivariate logistic regression analysis revealed that age > 60 years (odds ratio [OR], 1.68; 95% confi-
dence interval [Cl], 1.23-2.31; p<0.01), cardiopulmonary bypass (CPB) > 180 min (OR, 1.62; 95% Cl, 1.03-2.55; p=0.04)
and postoperative mechanical ventilation time > 10 h (OR, 1.84; 95% Cl, 1.35-2.52; p<0.01) were independent risk
factors for major postoperative complications; Age > 60 years (OR, 3.20; 95% Cl, 1.65-6.20; p <0.01), preoperative NYHA
class 4 (OR, 4.03; 95% Cl, 1.74-9.33; p<0.01), diabetes mellitus (OR, 2.57; 95% Cl, 1.22-5.41;, p=0.01), Intraoperative

red blood cell (RBC) transfusion >650 ml (OR, 2.04; 95% Cl, 1.13-3.66; p=0.02), Intraoperative bleeding > 1200 ml (OR,
2.69;95% Cl, 1.42-5.12; p<0.01) were independent risk factors for prolonged CICU length of stay. Intracperative use
of dexmedetomidine as an anesthetic adjunct was a protective factor for major complications (odds ratio, 0.51; 95%
confidence interval, 0.35-0.74; p<0.01) and prolonged CICU stay. (odds ratio, 0.37; 95% confidence interval, 0.19-0.73;
p<0.01).
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Anesthetic adjunct, Risk factors

Conclusions In patients undergoing heart valve surgery, age, duration of cardiopulmonary bypass, and duration
of mechanical ventilation are associated with major postoperative complication. Age, preoperative NYHA classifica-
tion 4, diabetes mellitus, intraoperative bleeding, and RBC transfusion are associated with increased CICU length

of stay. Intraoperative use of dexmedetomidine may improve such clinical outcomes.

Keywords Dexmedetomidine, Postoperative complications, Cardiac intensive care unit, Heart valve surgery,

Background
Heart valve disease has become one of the most impor-
tant factors affecting human health. Cardiac surgery is
associated with a high risk of cardiovascular and other
complications [1]. Perioperative myocardial injury/
infarction, arrhythmias, and heart failure are the most
common complications following heart valve surgery,
and these complications can lead to decreased qual-
ity of life, increased intensive care and hospitalization
time, and health care costs for patients. Reducing peri-
operative complications is key to improving the prog-
nosis of patients undergoing heart valve surgery [2, 3].
Dexmedetomidine is a potent, highly selective
alpha-2 adrenoceptor agonist with sedative, analge-
sic, anxiolytic, anti-sympathetic and opioid-sparing
properties [4, 5]. A number of studies have shown that
dexmedetomidine is a useful adjunct to cardiac anes-
thesia [6, 7]. Dexmedetomidine acts as an anesthetic
adjuvant, reducing the need for opioids, inhalation
anesthetics and intravenous anesthetics [8], and its
anti-sympathetic activity reduces myocardial oxygen
consumption by decreasing metabolism and prevent-
ing tachycardia, thereby reducing the incidence of post-
operative complications in cardiac surgery, including
myocardial ischemia [8, 9]. Therefore, in addition to
investigating the more definitive endpoint of myocar-
dial injury/infarction, this study examined the potential
impact of dexmedetomidine on other primary end-
points, such as cardiac arrest during the postoperative
period in patients undergoing cardiac surgery, conges-
tive heart failure (CHF), and atrial fibrillation. Several
studies have reported a reduction in CICU residence
time with perioperative dexmedetomidine [10-12],
suggesting that dexmedetomidine may promote rapid
recovery of cardiac function in patients [12], but it is
unknown whether the use of dexmedetomidine during
maintenance of anesthesia for cardiac surgery has such
an effect. Therefore, the specific aim of this study was
to assess whether the intraoperative use of dexmedeto-
midine as an anesthetic adjuvant was associated with a
reduced CICU length of stay and a lower rate of major
postoperative complications in patients undergoing
heart valve surgery. In addition, we will evaluate risk
factors for poor prognosis in this group of patients.

Method

Study design and settings

Ethical approval for this retrospective observational
study was obtained from the Medical Ethics Commit-
tee of Nanjing Drum Tower Hospital, Nanjing Uni-
versity School of Medicine (2020-249-01), and was
conducted in accordance with the principles of the
Declaration of Helsinki. Retrospective analysis of data
collected between October 2020 and June 2022, which
were mainly obtained from the hospital electronic
medical record system, anesthesia system, and nursing
system. Medical Ethics Committee of Nanjing Drum
Tower Hospital, Nanjing University School of Medicine
waived the need for written informed consent due to
the retrospective nature of the study.

We collected perioperative patient data from the elec-
tronic medical record system, including demographic
information, patient history, medical record informa-
tion, preoperative risk factors, preoperative medications,
intraoperative data, major postoperative complications,
and CICU length of stay. The inclusion criteria were as
follows: 1) age>18 years; 2) heart valve surgery per-
formed under cardiopulmonary bypass; 3) ASA score
III-V. The exclusion criteria were as follows: 1) those with
severe preoperative hepatic, renal, pulmonary, or cer-
ebral dysfunction; 2) emergency surgery, robotic proce-
dures, and procedures requiring deep hypothermic arrest
of circulation; 3) those with postoperative loss of follow-
up and missing data.

Definition

The follow-up period in this study was the period of
CICU stay.The primary endpoint of the study was major
postoperative complications (cardiac arrest, atrial fibrilla-
tion, myocardial injury/infarction, heart failure). Cardiac
arrest (as opposed to death without resuscitation) was
defined as the loss of circulation that prompted resusci-
tation by chest compressions, defibrillation, or a combi-
nation of both [13]. Postoperative serum ¢TnT above the
99th percentile upper reference limit (URL) was defined
as myocardial injury, or myocardial infarction if the same
was combined with one of the following conditions: 1)
Symptoms of myocardial ischaemia; 2) New ischaemic
ECG changes; 3) Development of pathological Q waves



Fan et al. BMC Anesthesiology (2023) 23:262

[14]; Heart failure was defined as a decrease in cardiac
output and/or an increase in intracardiac pressure char-
acterized by a range of symptoms (dyspnea, dyspnea,
lower extremity swelling) and signs (elevated jugular
venous pressure, pulmonary congestion), it is accompa-
nied by elevated serum BNP [15]. Atrial fibrillation was
defined as the loss of regular and orderly atrial electrical
activity on postoperative bedside ECG monitors, which
was replaced by rapid and disorganized flutter waves
accompanied by an irregular and rapid heart rate. The
secondary endpoint was prolonged CICU LOS, defined
as LOS>6 days (90th percentile). Patients who experi-
enced the primary and secondary endpoints were entered
into the adverse outcomes group, and the remaining
patients were included in the prognosis control group.

Surgical techniques and anesthetic procedures

All patients were treated with a median sternotomy and
cardiopulmonary bypass (CPB). The ascending aorta was
cannulated with a cannula appropriate to the patient’s
size. A separate cannula was used for intravenous cannu-
lation in the superior and inferior vena cava [16].

All patients were induced with midazolam 0.1 mg-kg-1,
etomidate 0.2 mg-kg-1, sufentanil 10 pg-kg-1, and vecu-
ronium 0.2 mg-kg-1 intravenously. Anesthesia was main-
tained entirely by intravenous anesthesia, and the use of
dexmedetomidine was determined by the anesthesiologist
based on his/her experience, and the pumping rate of dex-
medetomidine varies from 0.2 to 0.7 ug/kg/h. Depending
on the desired depth of anesthesia, intraoperative anesthe-
sia was maintained with propofol 4-6 mg-kg-1- h-1 and
vecuronium 1-2 pg-kg-1- min-1. During perioperative ven-
tilation, the ventilator parameters were set at a tidal volume
of 6-8 ml-kg-1 and a frequency of 10-12 breaths-min-1 to
maintain end-expiratory CO2 (ETCO2) at 35-45 mm Hg.

Sample size and statistical analysis
According to the retrospective analysis, the incidence
of postoperative cardiac complications in our center is
between 30 and 40%, and in order to calculate the sam-
ple size, we need to make the following settings in the
pmsampsize R package. Using a primary endpoint inci-
dence rate of 40% as the basis, and assuming an « (type I
error probability) of 0.05 and a & (allowable error) of 10%
[17, 18], the estimated sample size was 342 cases.In order
to further improve the reliability of the study, we ultimately
planned to include 856 patients for the following analysis.
IBM SPSS statistical software was used (Statistics for
Windows, version 26, IBM Corporation, Armonk, NY,
USA). The normality of the distribution of continu-
ous variables was assessed by the Shapiro—Wilk test.
Normally distributed variables are expressed as the
mean *standard deviation and were compared using
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Student’s t-test. Nonparametric continuous variables are
expressed as medians (interquartile ranges (IQRs)) and
were compared using the Mann—Whitney U test. Cate-
gorical data were compared using the chi-square test or
Fisher’s exact test.

For preoperative demographic information such as
age > gender » body mass index > NYHA class» past
medical history and history of medication use; Intraopera-
tive surgical information such as surgical procedure » ASA
class > time to cardiopulmonary bypass > blood trans-
fusion and bleeding » hemodynamic indices and use of
vasoactive medications; Postoperative 24-h blood gas anal-
ysis and duration of mechanical ventilation, these variables
were included in the univariate analyses. We combined
the optimal thresholds determined by ROC curves, previ-
ous studies reported in the literature, and clinicians’ diag-
nostic experience to stratify some continuous variables for
better study.All variables that were statistically significant
(P<0.05) in univariate analyses, as well as those consid-
ered potentially significant by clinicians, were included in
multivariate logistic regression models. In this study, intra-
operative dexmedetomidine was added to the model as an
independent factor to assess the relationship between dex-
medetomidine use and clinical outcomes.

Results
Patient characteristics
During the study period, 1,210 patients were admitted
to our center, and 856 patients were eventually entered
into our study based on inclusion and exclusion criteria
(Fig. 1). The 283 patients who experienced the primary
and secondary endpoints were included in the adverse
outcomes group, of which 269 patients (31.43%) expe-
rienced the primary endpoint, including cardiac arrest
(n=3) » atrial fibrillation (#=118) > myocardial injury/
infarction (n=121) > heart failure (n=126). 65 patients
(7.59%) experienced the secondary endpoint, and the
remaining 573 were included in the prognostic control
group, which is consistent with previous reports [1, 19].
There were no significant differences between the two
groups in terms of gender, weight, New York Heart Asso-
ciation (NYHA) classification, preoperative left ventricu-
lar ejection fraction, previous medical history, previous
cardiac surgery history, or preoperative medication use
(P>0.05). Compared with the control group, Patients in
the adverse outcomes group were older(median: 66 years,
IQR: 58-70 years vs. median: 61 years, IQR: 53—69 years,
P<0.001) (Table 1).

Intraoperative and postoperative variables

Intraoperative and postoperative variables between
adverse outcomes group and control group shown in
Table 2. There was no significant difference between the
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1210 patients entered the clinical pathway during the

study period

6)6 patients did not meet the inclusion \

criteria due to:

Age under 18 years (n=28)

Non-heart valve surgery (n=161)

Performed under non-cardiopulmonary
bypass (n=117)

J

904 patients met the

inclusion criteria

856 patients

entered the study

(s

Emergency Surgery (n=21)

\

8 patients were excluded due to:

Multiple Organ Failure (n=2)
Data Missing (n=25)

Adverse outcomes group(n=283)

prolonged CICU stay(n=65)

cardiac arrest (n=3)
Included: major complications (n=269) —J»{ atrial fibrillation (n=118)
heart failure (n=126)

myocardial injury/infarction (n=121)

Prognosis control group (n=573)

Patients did not experience adverse
outcomes

Fig. 1 Consort diagram of patient screening and allocation

two groups in the proportion of patients with the type
of cardiac surgery, ASA classification (P>0.05). In con-
trast, Patients in the adverse outcomes group had sig-
nificantly longer operative time(median: 295 min, IQR:
250-360 min vs. median: 270 min, IQR: 230-325 min,
P<0.001), cpb time(median: 150 min, IQR: 119-188 min

Statistical Analysis

vs. median: 134 min, IQR: 107-163 min, P<0.001), and
aortic block time(median: 110 min, IQR: 85—-144 min vs.
median: 98 min, IQR: 79-126 min, P<0.001). Patients
in the adverse outcomes group had more intraoperative
bleeding(median: 800 ml, IQR: 600—1200 ml vs. median:
800 ml, IQR: 600-1100 ml, P=0.005), and there was no
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Table 1 Demographic and clinical characteristics

Variable Adverse Control(n=573) pvalue
outcomes(n=283)
Agel(year) 66 (58-70) 61 (53-69) <0.001
Gender(male,%) 174 (61.5) 329 (57.4) 0.255
BM\(kg/mz) 234 (21.5-25.6) 235(21.6-255) 0813
Preoperative LVEF (%) 54 (46-57) 55(48-57) 0.191
NYHA(Nn,%) 0.261
Il 109 (38.5) 222 (38.7)
Il 153 (54.1) 324 (56.5)
I\ 21(7.4) 27 (4.7)
Previous his- 30(10.6) 44.(7.7) 0.152
tory of cardiac
surgery(n,%)
Previous medical history(n,%)
Heart failure 3(1.1) 5(0.9) 0.789
Atrial fibrillation 29(10.2) 65(11.3) 0.629
Hypertension 116 (41.0) 231 (40.3) 0.850
Diabetes mellitus 33 (11.7) 53(9.2) 0.270
COPD 16 (5.7) 36 (6.3) 0.717
Chronic liver 62.1) 10(1.7) 0.703
disease
Chronic renal 9(3.2) 10(1.7) 0.180
disease
Coronary disease 38(13.4) 64 (11.2) 0.337
Smoking 29(10.2) 43 (7.5) 0174
Excessive alcohol 29(10.2) 42 (7.3) 0.145
Medications(n,%)
Statins 11(3.9) 12(2.1) 0.127
Hypoglycemic 31(11.0) 51(8.9) 0.337
drug
Antiplatelet 11(3.9) 15 (2.6) 0.309
Anticoagulant 9332 23 (4.0) 0.545
Calcium channel 66 (23.3) 111 (194) 0.179
blocker
ACE inhibitor 51(18.0) 112 (19.5) 0.593
or ARB
Diuretic 16 (5.7) 34(5.9) 0.869
b-blocker 29(10.2) 56 (9.8) 0.827

BMI Body Mass Index, NYHA New York Heart Association, COPD Chronic
obstructive pulmonary disease, ACEI Angiotensin-converting-enzyme inhibitor,
ARB Angiotensin receptor blocker

significant difference in the amount of red blood cell
infusion as well as urine volume(P>0.05). Hemodynami-
cally, patients in the adverse outcomes group had a sig-
nificantly higher heart rate than the control group at the
end of surgery(median: 93 bpm, IQR: 85-101 bpm vs.
median: 90 bpm, IQR: 80-98 bpm, P<0.001). Regard-
ing intraoperative drug use, patients in the CONTROL
group used a higher proportion of dexmedetomi-
dine(84.1 vs. 74.9, P=0.001) and significantly reduced
the use of milrinone(median: 2.6 mg, IQR: 2.1-3.2 mg
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vs. median: 2.7 mg, IQR: 2.1-3.8 mg, P=0.023) and
dopamine(median: 42.2 mg, IQR: 42.0-53.6 mg vs.
median: 45.0 mg, IQR: 35.1-62.7 mg, P=0.007).

Patients in the Adverse outcomes group had a lower
Partial pressure of carbon dioxide(median: 38.6 mmHg,
IQR: 35.0-41.7 mmHg vs. median: 39.6 mmHg, IQR:
37.3-42.0 mmHg, P=0.002) and Hemoglobin(median:
10.2 mmol/L, IQR: 9.2-11.0 mmol/L vs. median:
10.4 mmol/L, IQR: 9.6—11.3 mmol/L, P=0.001) on blood
gas analysis in the first 24 h after surgery. In addition,
patients in the adversarial outcomes group had a longer
duration of postoperative mechanical ventilation(median:
13 h, IQR: 7-20 h vs. median: 7 h, IQR: 5-14 h, P<0.001).

We combined the optimal thresholds determined by
ROC curves (Table 3), previous studies reported in the
literature, and clinicians’ diagnostic experience to stratify
some continuous variables and conduct univariate analy-
sis of the two sub-groups.

In the Univariate analysis in patients with major com-
plications, age>60 years (OR:1.79, 95%Cl:1.33-2.42,
P<0.01) » bleeding>1200 ml (OR:1.72, 95%CI: 1.19-
2.48, P<0.01) » CPB>180 min(OR: 2.33, 95%CI: 1.60—
3.39, P<0.01) > intraoperative dextrmetomidine(OR:
0.53, 95%CI: 0.37-0.75, P<0.01) > intraoperative Mil-
rinone>4 mg(OR: 1.87, 95%CI: 1.23-2.84, P<0.01)
> intraoperative dopamine>60 mg(OR: 1.77, 95%CI:
1.25-2.51, P<0.01) » postoperative mechanical venti-
lation time>10 h (OR: 2.31, 95%CI: 1.72-3.11, P<0.01)
increased the rate of adverse events. The detailed vari-
ables for the univariate analysis are shown in Fig. 2, with
a forest plot applied for easy reading.

In the Univariate analysis in patients with prolonged
CICU LOS, age>60 years (OR:2.72, 95%CI:1.53-4.84,
P<0.01) » NYHA classification 4 (OR:4.58, 95%CI:
2.19-9.56, P<0.01) » diabetes mellitus(OR:2.45, 95%CI:
1.26-4.80, P=0.01) » intraoperative =~RBC transfu-
sion>650 ml (OR: 2.93, 95%CIL 1.74-4.94, P<0.01)
> bleeding>1200 ml (OR:3.83, 95%CI: 2.22-6.62,
P<0.01) » CPB>180 min(OR: 3.74, 95%CI: 2.11-6.62,
P<0.01) » intraoperative  dextrmetomidine(OR:  0.46,
95%CI:  0.26-0.82, P=0.01) > intraoperative Mil-
rinone>4 mg(OR: 3.74, 95%CI: 2.05-6.82, P<0.01)
> intraoperative dopamine>60 mg(OR: 2.84, 95%CI:
1.64-4.91, P<0.01) increased the prolonged CICU LOS.
The detailed variables for the univariate analysis are
shown in Fig. 3.

The results of multi-factor regression analysis

Multivariate logistic regression analysis revealed that
age>60 years (odds ratio [OR], 1.68; 95% confidence
interval [CI], 1.23-2.31; p<0.01), cardiopulmonary
bypass( CPB)>180 min (OR, 1.62; 95% CI, 1.03-2.55;
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Table 2 Intraoperative and postoperative variables
Adverse outcomes(n=283) Control(n=573) P value
Intraoperative variables
Type of cardiac surgery (n, %) 0442
AVR 94 (33.2) 205 (35.8)
MVR 83(29.3) 164 (28.6)
DVR 45 (15.9) 66 (11.5)
CABG+valvular surgery 3(4.6) 28 (4.9)
Valvular+other aortic surgery 48 (17.0) 110(19.2)
ASA Classification >3 (n,%) 249 (88.0) 477 (83.2) 0.069
Operation time( minutes) 295 (250-360) 270 (230-325) <0.001
CPB( minutes) 150 (119-188) 134 (107-163) <0.001
ACC(minutes) 110 (85-144) 98 (79-126) <0.001
Intraoperative bleeding(ml) 800 (600-1200) 800 (600-1100) 0.005
Intraoperative RBC
transfusion(ml) 450 (0-1050) 350 (0-904) 0.135
Urine volume(ml) 800 (500-1300) 800 (500-1400) 0.544
Maximum HR(bpm)
Preoperative 65 (55-80) 68 (59-80) 0.544
End of surgery 93 (85-101) 90 (80-98) <0.001
Maximum MAP(mmHg)
Preoperative 80 (73-86) 80 (73-87) 0.175
End of surgery 73 (67-79) 74 (68-80) 0.058
Intraoperative drugs
Dextrmetomidine(n,%) 212(74.9) 482(84.1) 0.001
Milrinone(mg) 7(2.1-3.8) 6(2.1-3.2) 0.023
Norepinephrine(mg) 14(1.1-1.9) 1.301.1-1.7) 0.206
Dopamine(mg) 45.0(35.1-62.7) 42.2 (34.0-53.6) 0.007
Postoperative variables
Blood gas analysis within 24 h
Sp02(%) 99 (98-100) 99 (98-100) 0.956
PH 740 (7.38-7.43) 740 (7.38-7.42) 0.048
PaCO2(mmHg) 38.6(35.0-41.7) 39.6 (37.3-42.0) 0.002
PaO2(mmHg) 108.1(89.6-142.9) 107 (90.6-126.85) 0.641
Hb(mmol/L) 10.2(9.2-11.0) 104 (9.6-11.3) 0.001
K+ (mmol/L) 4.4 (4.2-4.7) 4.5 (4.2-4.7) 0377
Lac(mmol/L) 1.7 (1.3-2.5) 1.6 (1.2-23) 0.212
Mechanical ventilation time (hours) 13 (7-20) 7 (5-14) <0.001
CICU time (days) 4 (3-6) 3(3-4) <0.001
Cardiac arrest(n, %) 3(1.1) 0(0) 0014
Atrial fibrillation (n, %) 118 (41.7) 0(0) <0.001
Myocardial injury/infarction(n, 121 (42.8) 0(0) <0.001
Heart failure(n, %) 126 (44.5) 0(0) <0.001

AVR Aortic valve replacement/repair, MVR Mitral valve replacement/repair, DVR Double valve replacement/repair, CABG Coronary artery bypass grafting, ASA American
society of Aneshesiologists, CPB Cardiopulmonary Bypass, ACC Aortic Cross Clamp, RBC Red Blood Cell, HR Heart Rate, MAP Mean Artery Pressure, SpO2 Peripheral
capillary oxygen saturation, PH Potential of Hydrogen, PaCO2 Partial pressure of Carbon dioxide, Pa0O2 Partial pressure of Oxygen, Hb Hemoglobin, Lac Lactobacillus

acidophilus, CICU Cardiac intensive care unit

p=0.04) and postoperative mechanical ventilation
time>10 h (OR, 1.84; 95% CI, 1.35-2.52; p<0.01) were

p<0.01), preoperative NYHA class 4 (OR, 4.03; 95% CI,
1.74-9.33; p<0.01), diabetes mellitus (OR, 2.57; 95%

independent risk factors for major postoperative com- CI, 1.22-5.41; p=0.01),Intraoperative RBC transfu-

plications; Age>60 years (OR, 3.20; 95% CI, 1.65-6.20;

sion>650 ml (OR, 2.04; 95% CI, 1.13-3.66; p=0.02),
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Table 3 Area under the ROC curve for continuous variables
Variable AUC 95%Cl Cut-off value Sensitivity Specificity p value
Age 0.591 0.552-0.630 59.5 0.693 0478 <0.001
Intraoperative bleeding 0.558 0.518-0.599 1205.0 0.237 0.852 0.005
Intraoperative RBC transfusion 0530 0.489-0.572 637.5 0424 0.668 0.147
CPB 0.598 0.557-0.639 156.5 0470 0.707 <0.001
Intraoperative Milrinone 0.548 0.506-0.590 38 0.251 0.873 0.022
Intraoperative dopamine 0.556 0.514-0.599 62.6 0.251 0.878 0.007
Max HR at the end of surgery 0.585 0.544-0.625 97.5 0420 0.710 <0.001
Postoperative Mechanical ventilation 0.649 0.609-0.689 7.0 0.714 0522 <0.001
AUC Area Under Curve, Cl Confidence Interval, CPB Cardiopulmonary Bypass, HR Heart Rate, RBC Red Blood Cell
Major complications
Features OR (95%Cl) p value
Age>60 years 1.79 (1.33-2.42) <0.01
Male e 1.21 (0.90-1.63) 0.20
BMI>24 " 1.01 (0.97-1.05) 0.70
NYHA 4 e 1.54 (0.84-2.82) 0.16
ASA >3 ——— 1.44 (0.94-2.20) 0.09
History of cardiac surgery ——— 1.34 (0.81-2.22) 0.25
Diabetes mellitus —— 1.19 (0.74-1.91) 0.49
Chronic renal di 1.73 (0.67-4.42) 0.26
Coronary di 1.27 (0.82-1.96) 0.28
Smoking H—— 1.43 (0.87-2.36) 0.16
Excessive alcohol —— 1.47 (0.89-2.43) 0.13
RBC transfusion >650ml ——1 1.35 (1.00-1.83) 0.05
Bleeding>1200m| —— 1.72 (1.19-2.48) <0.01
CPB>180min —— 2.33 (1.60-3.39) <0.01
Max HR end of surgery>120bpm 2.09 (1.08-4.05) 0.03
Intraoperative Dextrmetomidine| +e— 0.53 (0.37-0.75) <0.01
Intraoperative Milrinone >4mg — 1.87 (1.23-2.84) <0.01
Intraoperative Dopamine >60mg —— 1.77 (1.25-2.51) <0.01
Postoperative Paco2>47mmhg —e— 0.98 (0.61-1.56) 0.93
Mechanical ventilation time >10h —_—— 2.31 (1.72-3.11) <0.01
0 1 5 :Is ‘It 5

The estimates
Fig. 2 Univariate analysis of major complications. BMI: Body Mass Index, NYHA: New York Heart Association, ASA: American society
of Aneshesiologists, CPB: Cardiopulmonary Bypass, RBC:Red Blood Cell, HR:Heart Rate, PaCO2: Partial pressure of Carbon dioxide, OR:0dds ratio,

Cl:Confidence Interval

Intraoperative bleeding>1200 ml (OR, 2.69; 95% CI,
1.42-5.12; p <0.01)were independent risk factors for pro-
longed CICU length of stay. Intraoperative use of dex-
medetomidine as an anesthetic adjunct was a protective
factor for major complications (odds ratio, 0.51; 95% con-
fidence interval, 0.35-0.74; p <0.01)and prolonged CICU
stay. (odds ratio, 0.37; 95% confidence interval, 0.19-0.73;
p<0.01) (Table 4).

Discussion

The Society of Thoracic Surgeons (STS) reports that
the incidence of major complications of valve and coro-
nary artery bypass grafting (CABQG) is as high as 30.1%.
These complications can lead to increased mortality
and longer hospital stays [1]. In our center’s analysis of
patients undergoing heart valve surgery, the incidence of
major complications after heart valve surgery was 31%,
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Prolonged CICU LOS
Features OR (95%Cl) p value
Age>60 years 2.72 (1.53-4.84) <0.01
Male| ++— 1.04 (0.62-1.76) 0.87
BMI>24| +e— 0.95 (0.57-1.60) 0.85
NYHA 4 4.58 (2.19-9.56) <0.01
ASA >3 0.33 (0.12-0.92) 0.03
History of cardiac surgery|] +H—e——— 1.69 (0.76-3.76) 0.20
Diabetes mellitus —— 2.45 (1.26-4.80) 0.01
Chronic renal di 2.72 (0.73-10.16) 0.14
Coronary di 0.96 (0.42-2.19) 0.92
Smoking| +—re——— 1.25 (0.51-3.07) 0.62
Excessive alcohol] +—e——— 1.29 (0.52-3.15) 0.58
RBC transfusion >650ml —_—— 2.93 (1.74-4.94) <0.01
Bleeding>1200ml —_—— 3.83 (2.22-6.62) <0.01
CPB>180min —_—— 3.74 (2.11-6.62) <0.01
Max HR end of surgery>120bpm 2.43 (0.88-6.74) 0.09
Intraoperative Dextrmetomidine 0.46 (0.26-0.82) 0.01
Intraoperative Milrinone >4mg —_—— 3.74 (2.05-6.82) <0.01
Intraoperative Dopamine >60mg —— 2.84 (1.64-4.91) <0.01
Postoperative Paco2>47mmhg| —e+— 0.68 (0.26-1.74) 0.42
LA A B T
[ 5 10

The estimates
Fig. 3 Univariate analysis of prolonged CICU LOS. BMI: Body Mass Index, NYHA: New York Heart Association, ASA: American society
of Aneshesiologists, CPB: Cardiopulmonary Bypass, RBC:Red Blood Cell, HR:Heart Rate, PaCO2: Partial pressure of Carbon dioxide,CICU LOS: Cardiac

Intensive Care Unit Length Of Stay,OR:0dds ratio, Cl:Confidence Interval

Table 4 Multivariate analysis of patients with major complications and prolonged CICU LOS

Variable Major complications Prolonged CICU LOS

Odds ratio ( 95%Cl) p value Odds ratio (95%Cl) p value
Age >60 years 1.68(1.23-2.31) <0.01 3.20(1.65-6.20) <0.01
NYHA classification 4 4.03(1.74-9.33) <0.01
Diabetes mellitus 2.57(1.22-5.47) 0.01
ASA classification >3 1.33(0.85-2.08) 0.21 2.49(0.82-7.54) 0.11
Intraoperative RBC transfusion > 650 ml 1.16(0.84-1.60) 038 2.04(1.13-3.66) 0.02
Intraoperative bleeding > 1200 ml 1.19(0.79-1.80) 0.40 2.69(1.42-5.12) <0.01
Max HR at the end of surgery > 120 bpm 1.68(0.84-3.39) 0.15 1 94(0 62-6.12) 0.26
CPB>180 min 1 62( .03-2.55) 0.04 91(0.86-4.26) 0.11
Intraoperative Dextrmetomidine 51(0.35-0.74) <0.01 0. 37(0 19-0.73) <0.01
Intraoperative Milrinone >4 mg 1 04(0 53-2.03) 0.91 1 92(0 57-6.45) 0.29
Intraoperative dopamine > 60 mg 1.27(0.72-2.24) 042 21(040-3.62) 0.73
Postoperative Mechanical ventilation time>10 h 1.84(1.35-2.52) <0.01

CICU LOS cardia$c intensive care unit length of stay, ASA American society of Aneshesiologists, CPB Cardiopulmonary Bypass, HR Heart Rate, RBC Red Blood Cell, PaCO2

Partial pressure of Carbon dioxide, C/ Confidence Interval

which is roughly the same as the data reported for STS.
We found that intraoperative dexmedetomidine use was
associated with a lower incidence of major postoperative
complications and reduced CICU LOS, and that older

age, prolonged duration of cardiopulmonary bypass and
postoperative mechanical ventilation were risk factors
for major postoperative complication. Older age, preop-
erative NYHA class 4, diabetes mellitus, intraoperative
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bleeding, and RBC transfusion were risk factors for
increased CICU length of stay.As many studies have
shown, age is an important risk factor for morbidity
and mortality in patients undergoing cardiac surgery
[20-22]. Performing cardiac surgery in the elderly is
challenging due to decreased functional reserve
capacity and more coexisting disease than in younger
patients [23]. The rate of perioperative complications and
mortality is relatively high in patients over 80 years of age,
but survival is stable in the medium term [3]. However,
Lin’s a systematic review showed that cardiac surgery out-
comes were related to patient frailty and not to actual age
[24]. In our study, patients in the adverse outcomes group
were older, and multivariate regression analysis showed
that age over 60 years was a risk factor for morbidity in
patients undergoing heart valve surgery, and a corre-
sponding increase in CICU stay.Therefore, we recom-
mend that a more gentle procedure should be performed
on elderly patients after a more careful selection of
surgical options.

Cardiopulmonary bypass (CPB) provides blood and
oxygen to the body’s organs and tissues when the heart
stops working, allowing direct intracardiac surgery to
be performed successfully and maintaining the body’s
metabolism [25, 26]. However, the ensuing myocardial
injury and inflammation associated with ischemia—rep-
erfusion directly affect the recovery of postoperative
cardiac function [12]. Chen et al. also showed in a pre-
vious study that cardiac surgery using CPB procedures
was associated with ischemia/reperfusion injury, and
that ischemia/reperfusion injury was strongly associated
with reversible post-ischemic cardiac dysfunction and
irreversible cardiomyocyte death [27]. In our study, pro-
longed cardiopulmonary bypass time was associated with
an increased incidence of complications after cardiac sur-
gery; therefore, we need to provide myocardial protec-
tion during cardiac surgery CPB by a series of measures
to reduce oxygen consumption by cardiomyocytes to
adapt to transient ischemia.

Atrial arrhythmias are the most common complication
after cardiac surgery [28]. The incidence of tachycardia
and arrhythmias is common during surgery due to pro-
cedures involving tracheal intubation, which increases
sympathetic and sympatho-renal activity. Increased
sympatho-renal activity leads not only to tachycardia and
arrhythmias, but also to increased myocardial oxygen
consumption and local ischemia [29]. We believe that
for patients undergoing heart valve surgery, early post-
operative extubation to reduce the duration of mechani-
cal ventilation may be beneficial, but further studies and
validation are needed to support this idea.

Several studies have shown that comorbid diabe-
tes mellitus before cardiac surgery was associated with
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increased intensive care unit and hospital LOS in both
children and adults [30-32], and we confirmed this risk
factor in our regression analysis of secondary endpoints.
This may be due to the fact that diabetic patients have
more infections, heart failure and more difficult surgical
wound healing [33]. This also shows the importance of
carrying out perioperative diabetes management.

Bleeding and red blood cell transfusion are common
in cardiac surgery, and any definition of bleeding as well
as transfusion is limited and arbitrary [34], We stratified
intraoperative bleeding and red blood cell transfusion in
our study and found that bleeding >1200 ml, red blood
cell transfusion>650 ml was associated with prolonged
CICU LOS. Andrew E Newcomb et al. in a prospective
cohort study found that excessive bleeding from cardiac
surgery and excessive red blood cell transfusions resulted
in longer hospital stays and higher treatment costs [35].
Nawwar Al-Attar et al. in a retrospective study also dem-
onstrated that patients with bleeding complications in
cardiac surgery spent more days in intensive care [36].
Some studies have suggested that blood transfusion
worsens the systemic inflammatory response syndrome
triggered by CPB with secondary inflammatory response,
thus increasing the poor prognosis [37].

Multivariate regression analysis showed that intraop-
erative use of dexmedetomidine was a protective factor.
Many studies have shown that dexmedetomidine reduces
myocardial complications after cardiovascular surgery
in adults, with a reduction in postoperative myocar-
dial injury and arrhythmic events in patients using dex-
medetomidine [28, 38]. Because it reduces the release
of cytokines, inhibits the inflammatory response and
reduces ischemia-reperfusion injury, thus contribut-
ing to organ protection [39, 40]. Han, Y et al. found that
intraoperative application of a loading dose of dexameth-
asone combined with propofol during maintenance of
anesthesia reduced heart rate and thus oxygen consump-
tion by cardiac myocytes [41]. In addition, several studies
have reported that perioperative use of dexmedetomi-
dine reduced the duration of intensive care and tracheal
intubation and the incidence of short-term mortality
after cardiac surgery in adults [11, 12, 42, 43]. The elimi-
nation half-life of dexmedetomidine has been reported
to be 2.1-3.1 h in healthy volunteers [44, 45], and age,
body size, and hepatic impairment may have a significant
effect on the pharmacokinetics of dexmedetomidine [46].
There are few pharmacokinetic studies of dexmedeto-
midine in cardiac surgery, and despite the short half-life
of dexmedetomidine, its complete elimination in vivo
is influenced by many factors, with hypoalbuminemia,
end-organ damage, hemodynamic changes, and reduced
cardiac output all potentially contributing to high inter-
individual variability, especially in the ICU population



Fan et al. BMC Anesthesiology (2023) 23:262

[47, 48]. During the study period, the average postopera-
tive CICU stay of patients undergoing cardiac surgery at
our center was about 4 to 5 days, and to make the study
more clinically instructive, we referred to previous stud-
ies that defined prolonged CICU LOS as longer than
6 days and used it as a secondary endpoint [49, 50], and
the results surprised us, We found that dexmedetomidine
as an anesthetic adjuvant was not only associated with a
lower incidence of major postoperative complications,
but also with a shorter CICU LOS. Therefore, we believe
that dexmedetomidine may benefit patients undergoing
heart valve surgery.

Conclusion

In conclusion, in patients undergoing heart valve sur-
gery, age, duration of cardiopulmonary bypass, and
duration of mechanical ventilation are associated with
major postoperative complication. Age, preoperative
NYHA classification 4, diabetes mellitus, intraoperative
bleeding, and red blood cell (RBC) transfusion are asso-
ciated with increased CICU length of stay. Intraopera-
tive use of dexmedetomidine may improve such clinical
outcomes.

Limitation

Our study has several limitations. First, this is a single-
center, retrospective, non-randomized study, and many
confounding factors may affect the reliability of our con-
clusions. Second, in our study, the number of patients
with prolonged CICU LOS was much smaller than those
with primary outcomes, and the short half-life of dex-
medetomidine somewhat affects the reliability of our
conclusions.The absence of other possible factors, such
as the preoperative patient’s EuroSCORE score, the type
of intraoperative anesthetic drug, the dose used, and the
timing of its administration, may have limited our find-
ings. Again, the primary outcome is composed of four
postoperative complications, an approach that improves
statistical efficiency but may challenge the interpretation
of results [51]. In regression analysis, continuous vari-
ables are converted to binary categorical variables, which
may lead to loss of some information. Finally, because this
study added the use of intraoperative dexmedetomidine
as an independent factor to a multivariate logistic regres-
sion model that could not directly confirm the effect of
this drug on certain clinical outcomes, further prospec-
tive, multicenter, randomized studies are needed in the
future to confirm the benefits demonstrated in this study.

Acknowledgements
Not applicable.

Page 10 of 11

Authors’ contributions

Dong-Jin Wang and Kai Li provided surgical content expertise, designed

the study, guided and reviewed the manuscript;Zhi-Wei Fan and Yu-Xian
Tang reviewed the literature, collected the data, analyzed the data, wrote

the manuscript;Tuo Pan participated in study design, helped review data,
and reviewed the manuscript;Hai-Tao Zhang and He Zhang collected the
data, provided intensive care content expertise and anesthesiologic content
expertise;Da-Liang Yan provided surgical content expertise and cardiopulmo-
nary bypass content expertise. All the authors read and approved the final
manuscript.

Funding

This study was funded by the Medical Key Discipline of Jiangsu Province
Capability Improvement Project through Science, Technology and Education.
Grant number ZDXK202229.

Availability of data and materials
The datasets used and/or analyzed during the current study are available from
the corresponding authors on reasonable request.

Declarations

Ethics approval and consent to participate

Ethical approval for this retrospective observational study was obtained from
the Medical Ethics Committee of Nanjing Drum Tower Hospital, Nanjing Uni-
versity School of Medicine (2020-249-01), and was conducted in accordance
with the principles of the Declaration of Helsinki. Medical Ethics Committee of
Nanjing Drum Tower Hospital, Nanjing University School of Medicine waived
the need for written informed consent due to the retrospective nature of the
study.

Consent for publication
Not applicable.

Competing interests
The authors declare no competing interests.

Author details

'Department of Cardio-Thoracic Surgery, Nanjing Drum Tower Hospital Clini-
cal College of Nanjing University of Chinese Medicine, Number 321 Zhong-
shan Road, Nanjing 210008, Jiangsu, China. 2Department of Cardio-Thoracic
Surgery, Nanjing Drum Tower Hospital, Chinese Academy of Medical Science &
Peking Union Medical College, Nanjing 210008, Jiangsu, China. *Department
of Cardio-Thoracic Surgery, Nanjing Drum Tower Hospital Clinical College

of Nanjing Medical University, Nanjing 210008, Jiangsu, China. “Department
of Cardio-Thoracic Surgery, Nanjing Drum Tower Hospital, The Affiliated Hospi-
tal of Nanjing University Medical School, Nanjing 210008, Jiangsu, China.

Received: 6 April 2023 Accepted: 30 July 2023
Published online: 05 August 2023

References

1. JiF, et al. Perioperative dexmedetomidine improves outcomes of cardiac
surgery. Circulation. 2013;127(15):1576-84.

2. ShiC, etal. Effect of lipid-lowering medications in patients with
coronary artery bypass grafting surgery outcomes. BMC Anesthesiol.
2022;22(1):122.

3. Pahwa S, et al. Impact of postoperative complications after cardiac
surgery on long-term survival. J Card Surg. 2021;36(6):2045-52.

4. Carollo DS, Nossaman BD, Ramadhyani U. Dexmedetomidine: a review of
clinical applications. Curr Opin Anaesthesiol. 2008,;21(4):457-61.

5. Khan ZP, Ferguson CN, Jones RM. Alpha-2 and imidazoline recep-
tor agonists Their pharmacology and therapeutic role. Anaesthesia.
1999,54(2):146-65.

6. Ruesch S, Levy JH. Treatment of persistent tachycardia with dexmedeto-
midine during off-pump cardiac surgery. Anesth Analg. 2002;95(2):316-8
(table of contents).



Fan et al. BMC Anesthesiology

20.
21
22.
23.
24.
25.

26.

27.

28.

29.

30.

31

(2023) 23:262

Ickeringill M, et al. Dexmedetomidine infusion without loading dose in
surgical patients requiring mechanical ventilation: haemodynamic effects
and efficacy. Anaesth Intensive Care. 2004;32(6):741-5.

Lee S. Dexmedetomidine: present and future directions. Korean J Anes-
thesiol. 2019;72(4):323-30.

Taittonen MT, et al. Effect of clonidine and dexmedetomidine premedica-
tion on perioperative oxygen consumption and haemodynamic state. Br
J Anaesth. 1997;78(4):400-6.

Wang Q, Chen C,Wang L. Efficacy and safety of dexmedetomidine in
maintaining hemodynamic stability in pediatric cardiac surgery: a sys-
tematic review and meta-analysis. J Pediatr (Rio J). 2022;98(1):15-25.

. Poon WH, et al. Dexmedetomidine for adult cardiac surgery: a system-

atic review, meta-analysis and trial sequential analysis. Anaesthesia.
2023;78(3):371-80.

. Chen M, Li X, Mu G. Myocardial protective and anti-inflammatory effects

of dexmedetomidine in patients undergoing cardiovascular surgery
with cardiopulmonary bypass: a systematic review and meta-analysis.

J Anesth. 2022,36(1):5-16.

Andersen LW, et al. In-Hospital Cardiac Arrest: A Review. JAMA.
2019;321(12):1200-10.

Thygesen K, et al. Fourth Universal Definition of Myocardial Infarction
(2018). J Am Coll Cardiol. 2018;72(18):2231-64.

Ponikowski P, et al. 2016 ESC Guidelines for the diagnosis and treatment
of acute and chronic heart failure: The Task Force for the diagnosis and
treatment of acute and chronic heart failure of the European Society of
Cardiology (ESC)Developed with the special contribution of the Heart
Failure Association (HFA) of the ESC. Eur Heart J. 2016;37(27):2129-200.
Liu C, et al. Risk factors for mortality in patients undergoing continuous
renal replacement therapy after cardiac surgery. BMC Cardiovasc Disord.
2021;21(1):509.

Hajjar LA, et al. Vasopressin versus Norepinephrine in Patients with Vaso-
plegic Shock after Cardiac Surgery: The VANCS Randomized Controlled
Trial. Anesthesiology. 2017;126(1):85-93.

ChengY, et al. Evaluation of Vasopressin for Vasoplegic Shock in Patients
With Preoperative Left Ventricular Dysfunction After Cardiac Surgery:

A Propensity-Score Analysis. Shock. 2018;50(5):519-24.

. Shahian DM, et al. The Society of Thoracic Surgeons 2008 cardiac surgery

risk models: part 3—valve plus coronary artery bypass grafting surgery.
Ann Thorac Surg. 2009;88(1 Suppl):543-62.

Curiel-Balsera E, et al. Mortality and complications in elderly patients
undergoing cardiac surgery. J Crit Care. 2013;28(4):397-404.

Mehta RH, et al. Influence of age on outcomes in patients undergoing
mitral valve replacement. Ann Thorac Surg. 2002;74(5):1459-67.
Nagendran J, et al. Is mitral valve surgery safe in octogenarians? Eur J
Cardiothorac Surg. 2005;28(1):83-7.

Elsisy MF, et al. Outcomes of cardiac surgery in nonagenarians. J Card
Surg. 2022;37(6):1664-70.

Lin HS, et al. Frailty and post-operative outcomes in older surgical
patients: a systematic review. BMC Geriatr. 2016;16(1):157.

Madhavan S, et al. Cardiopulmonary bypass time: every minute counts.
J Cardiovasc Surg (Torino). 2018;59(2):274-81.

Tosun Z, et al. Does dexmedetomidine provide cardioprotection in coro-
nary artery bypass grafting with cardiopulmonary bypass? A pilot study.
J Cardiothorac Vasc Anesth. 2013;27(4):710-5.

Chen RM, et al. Propofol suppresses macrophage functions and
modulates mitochondrial membrane potential and cellular adenosine
triphosphate synthesis. Anesthesiology. 2003;98(5):1178-85.

Ren J, et al. Protective effect of dexmedetomidine in coronary artery
bypass grafting surgery. Exp Ther Med. 2013;6(2):497-502.

Mikawa K; et al. Comparison of nicardipine, diltiazem and verapamil

for controlling the cardiovascular responses to tracheal intubation. Br J
Anaesth. 1996;76(2):221-6.

Jung W, Meyerfeldt U, Birkemeyer R. Atrial arrhythmias after cardiac
surgery in patients with diabetes mellitus. Clin Res Cardiol. 2006;95(Suppl
1):i88-97.

Shamszad P, et al. Obesity and Diabetes Mellitus Adversely Affect Out-
comes after Cardiac Surgery in Children’s Hospitals. Congenit Heart Dis.
2016;11(5):409-14.

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

44,

45.

46.

47.

48.

49.

50.

51

Page 11 of 11

Bucerius J, et al. Impact of diabetes mellitus on cardiac surgery outcome.
Thorac Cardiovasc Surg. 2003;51(1):11-6.

Marcassa C, et al. Greater functional improvement in patients with
diabetes after rehabilitation following cardiac surgery. Diabet Med.
2016;33(8):1067-75.

Dyke C, et al. Universal definition of perioperative bleeding in adult
cardiac surgery. J Thorac Cardiovasc Surg. 2014;147(5):1458-1463.e1.
Newcomb AE, et al. Bleeding After Cardiac Surgery Is Associated With

an Increase in the Total Cost of the Hospital Stay. Ann Thorac Surg.
2020;109(4):1069-78.

Al-Attar N, et al. Impact of bleeding complications on length of stay and
critical care utilization in cardiac surgery patients in England. J Cardio-
thorac Surg. 2019;14(1):64.

Fransen E, et al. Impact of blood transfusions on inflammatory

mediator release in patients undergoing cardiac surgery. Chest.
1999;116(5):1233-9.

Ji F et al. Perioperative dexmedetomidine improves mortality in patients
undergoing coronary artery bypass surgery. J Cardiothorac Vasc Anesth.
2014,28(2):267-73.

Liu YE, et al. Effect of dexmedetomidine on rats with renal ischemia-
reperfusion injury and the expression of tight junction protein in kidney.
Int J Clin Exp Med. 2015;8(10):18751-7.

Gu J, et al. Dexmedetomidine provides renoprotection against ischemia-
reperfusion injury in mice. Crit Care. 2011;15(3):R153.

Han'Y, et al. Comparison of a loading dose of dexmedetomidine com-
bined with propofol or sevoflurane for hemodynamic changes during
anesthesia maintenance: a prospective, randomized, double-blind,
controlled clinical trial. BMC Anesthesiol. 2018;18(1):12.

Liu X, et al. Effect of dexmedetomidine for prevention of acute kidney
injury after cardiac surgery: an updated systematic review and meta-
analysis. Ren Fail. 2022;44(1):1150-9.

Jakob SM, et al. Dexmedetomidine vs midazolam or propofol for sedation
during prolonged mechanical ventilation: two randomized controlled
trials. JAMA. 2012;307(11):1151-60.

Anttila M, et al. Bioavailability of dexmedetomidine after extravascular
doses in healthy subjects. Br J Clin Pharmacol. 2003;56(6):691-3.

Yoo H, et al. Mechanism-based population pharmacokinetic and pharma-
codynamic modeling of intravenous and intranasal dexmedetomidine in
healthy subjects. Eur J Clin Pharmacol. 2015;71(10):1197-207.

Weerink MAS, et al. Clinical Pharmacokinetics and Pharmacodynamics of
Dexmedetomidine. Clin Pharmacokinet. 2017,56(8):893-913.

lirola T, et al. Pharmacokinetics of prolonged infusion of high-dose dex-
medetomidine in critically ill patients. Crit Care. 2011;15(5):R257.

Vilitalo PA, et al. Population pharmacokinetics of dexmedetomidine in
critically ill patients. Clin Drug Investig. 2013;33(8):579-87.

Joskowiak D, et al. Prolonged intensive care unit stay of patients after
cardiac surgery: initial clinical results and follow-up. Thorac Cardiovasc
Surg. 2013;61(8):701-7.

Jain PN, et al. Risk Factors for Perioperative Morbidity in Adults
Undergoing Cardiac Surgery at Children’s Hospitals. Ann Thorac Surg.
2022;113(6):2062-70.

Freemantle N, et al. Composite outcomes in randomized trials: greater
precision but with greater uncertainty? JAMA. 2003;289(19):2554-9.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in pub-
lished maps and institutional affiliations.



	Dexmedetomidine as an anesthetic adjunct is associated with reduced complications and cardiac intensive care unit length of stay after heart valve surgery
	Abstract 
	Background 
	Methods 
	Results 
	Conclusions 

	Background
	Method
	Study design and settings
	Definition
	Surgical techniques and anesthetic procedures
	Sample size and statistical analysis

	Results
	Patient characteristics
	Intraoperative and postoperative variables
	The results of multi-factor regression analysis

	Discussion
	Conclusion
	Limitation
	Acknowledgements
	References


