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A B S T R A C T   

Study objective: To determine the effect of dexmedetomidine on acute kidney injury (AKI) following endovascular 
aortic repair (EVAR) for Stanford type B aortic dissection (TBAD). 
Design: Randomized, double-blind, placebo-controlled, pilot study. 
Setting: University Hospital. 
Patients: 102 TBAD patients undergoing EVAR procedures were enrolled. Patients with dissection involving aortic 
arch or renal artery were excluded. 
Interventions: Patients were randomly assigned, in a 1:1 ratio, to a dexmedetomidine group (intravenous dex
medetomidine 0.4 μg/kg/h immediately after anesthesia induction and 0.1 μg/kg/h after extubation, which was 
maintained until 24 h) or a normal saline control group. 
Measurements: The primary outcome was the incidence of AKI within the first two days after surgery, based on 
the Acute Kidney Injury Network (AKIN) criteria. The secondary outcomes included serum cystatin C and esti
mated glomerular filtration rate on postoperative days 1, 2, and 7, and in-hospital need for renal replacement 
therapy (RRT). Long-term outcomes included RRT and all-cause mortality. 
Main results: Ninety-eight patients completed the study (dexmedetomidine, n = 48; control, n = 50). AKIN stage 1 
AKI occurred in 3/48 (6.3%) patients receiving dexmedetomidine, compared with 11/50 (22%) patients 
receiving normal saline (odds ratio = 0.24, 95% CI: 0.07 to 0.89, P = 0.041). This difference remained significant 
after adjusting for baseline covariates (adjusted odds ratio = 0.21, 95% CI: 0.05 to 0.84; P = 0.028). Dexme
detomidine led to a lower serum cystatin C on postoperative day 1 (median [IQR] mg/L: 1.31 [1.02–1.72] vs. 
1.58 [1.28–1.96]). There were no between-group differences in other secondary or long-term outcomes. During 
the follow-up (median = 28.4 months), 1 patient in the dexmedetomidine group and 3 patients in the control 
group required RRT. 
Conclusions: Dexmedetomidine reduced the incidence of AKI in TBAD patients after EVAR procedures. The long- 
term benefits of dexmedetomidine in this patient population warrant further investigation. 
Trial registration: ChiCTR-IPR-15006372.   
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1. Introduction 

Stanford type B Aortic Dissection (TBAD) is a life-threatening dis
ease, with a 5-year mortality rate of 30%–40% [1,2]. The prevalence of 
TBAD is approximately 3 per 100,000 people annually [3]. Endovas
cular aortic repair (EVAR) with a stent graft is increasingly performed to 
treat TBAD, which is less invasiveness and leads to a lower mortality rate 
when compared to a conventional surgical approach [4,5]. During EVAR 
procedures, surgical stress, inflammatory responses, and the use of 
iodinated contrast medium may increase the risk of postoperative acute 
kidney injury (AKI) [6]. Studies reported that the incidence of AKI after 
EVAR procedures was about 15%–20%, which was associated with a 
decreased long-term survival and compromised quality of life after 
surgery [7,8]. The prevention and treatment for renal dysfunction 
following EVAR procedures remain challenging. 

Dexmedetomidine is a highly selective α2 adrenoreceptor agonist 
which produces sedation, analgesia, and hemodynamic stabilization by 
reducing the sympathetic tone [9,10]. Pre-clinical studies showed that 
dexmedetomidine protected against renal ischemia-reperfusion injury 
by inhibiting inflammatory responses, suppressing apoptosis, and 
attenuating oxidative stress [11,12]. A clinical study suggested that 
dexmedetomidine alleviated AKI and suppressed the decline of post- 
bypass estimated glomerular filtration rate (eGFR) in cardiac surgical 
procedures [13]. In addition, a recent randomized controlled trial re
ported that dexmedetomidine reduced the incidence of AKI after aortic 
surgery and reduced the length of hospital stay [14]. However, the 
impact of dexmedetomidine on renal outcomes after EVAR procedures 
for TBAD patients has yet to be elucidated. 

Therefore, this study was designed to investigate the effects of 
perioperative dexmedetomidine administration on postoperative AKI 
after EVAR procedures for TBAD patients. We hypothesized that a 24-h 
dexmedetomidine treatment would reduce the incidence of AKI and 
improve renal outcomes in TBAD patients undergoing EVAR procedures. 

2. Methods 

2.1. Study design 

This investigator-initiated, randomized, double-blind, placebo- 
controlled trial was approved by the Institutional Review Board of The 
First Affiliated Hospital of Soochow University (IRB No. 2015–026) and 
written informed consent was obtained from all participants. The trial 
was registered at the Chinese Clinical Trial Registry (No. ChiCTR-IPR- 
15006372, Date of registration: May 10, 2015) prior to patient enroll
ment. The study was conducted according to the guidelines of the 
Consolidated Standards of Reporting Trials (CONSORT). 

2.2. Inclusion and exclusion criteria 

The inclusion criteria of this study were patients ≥18 years with 
American Society of Anesthesiologists physical (ASA) status III, who 
were diagnosed as TBAD with lesions in the descending thoracic aorta 
and/or abdominal aorta and scheduled to undergo elective EVAR pro
cedures. The diagnosis of TBAD was according to preoperative 
computed tomography angiography (CTA) imaging, which was 
confirmed by aortic digital subtraction angiography (DSA) in the oper
ating room at the beginning of the procedures. 

The exclusion criteria included sick sinus syndrome, severe brady
cardia (heart rate [HR] < 50 beats/min), left ventricular ejection frac
tion <30% or heart failure, atrioventricular block, allergy to α2 
adrenoreceptor agonist, lesions involving aortic arch or renal artery, or 
refusal to participate. If the approach was changed to another surgical 
procedure (open surgery and/or need for fenestrated or branched stent), 
the patient was also excluded. 

2.3. Randomization and blinding 

An independent anesthesia assistant performed the online random
ization with a 1:1 ratio and permuted block sizes of 2 and 4. According to 
the randomly generated sequence, patients were randomly assigned to 
either a dexmedetomidine group or a control group. The allocation 
concealment was guaranteed using identical opaque sealed envelopes. 
An independent anesthesia nurse prepared the study medications, either 
dexmedetomidine or normal saline, according to the random codes. The 
study medications were stored in identical 50 mL syringes and placed in 
bags that were labelled with the patient numbers only. The patients, 
anesthesiologists, postoperative observers, and other medical staff were 
all unaware of the group allocation until the final analysis was 
completed. 

2.4. Anesthesia 

Patients did not receive sedative or analgesic medications preoper
atively. In the operating room, a standard monitoring included elec
trocardiography, noninvasive cuff blood pressure, pulse oximetry, and 
temperature. Patients received bispectral index (BIS, Aspect Medical 
Systems, Newton, MA) monitoring. After the placement of radial artery 
line under local anesthesia, radial artery pressure was continuously 
monitored. In addition, stroke volume (SV), stroke volume variation 
(SVV), and cardiac output (CO) were monitored using the FloTrac/ 
Vigileo system (Edwards Lifesciences, Irvine, CA). 

General anesthesia was induced with propofol 1.5 mg/kg, sufentanil 
0.4 μg/kg, and cisatracurium 0.2 mg/kg in this sequence. After endo
tracheal intubation, a controlled mechanical ventilation was conducted 
with a tidal volume of 8 mL/kg and a respiratory rate of 12–15 times/ 
min, which aimed to maintain the end-tidal carbon dioxide at 35–45 
mmHg and pulse oxygen saturation ≥ 95%. The fraction of inhaled 
oxygen was 40% in air. General anesthesia was maintained with 1%–3% 
sevoflurane inhalation, with a continuous measurement of end-tidal 
sevoflurane concentration. The depth of anesthesia was adjusted to 
BIS values within 40–60. The BIS-guided anesthesia together with 
anesthetic-gas concentration measurement is routinely used in our pa
tients undergoing major surgery, for the purpose of providing a better 
anesthesia care during surgery. Additional doses of sufentanil and cis
atracurium were given intraoperatively if necessary. The nasopharyn
geal temperature was maintained within 36–37 ◦C using a warming 
blanket. Iodixanol injection solution (Visipaque, GE Healthcare Ireland, 
Cork, Ireland) was used as the contrast medium for all patients. Intra
venous ondansetron 4 mg was administered for prophylaxis of post
operative nausea and vomiting. Following the EVAR procedures, 
patients were transferred to a cardiovascular intensive care unit (ICU) 
where they were weaned and extubated. Patients received a continuous 
hemodynamic monitoring including electrocardiography, noninvasive 
cuff blood pressure, radial artery pressure, SV, SVV, and CO until 
discharge from the ICU. 

2.5. Study interventions 

For the dexmedetomidine group, intravenous dexmedetomidine was 
given at a rate of 0.4 μg/kg/h, which was started immediately after 
anesthesia induction and then decreased to 0.1 μg/kg/h after tracheal 
extubation in the ICU. The dexmedetomidine treatment maintained for a 
total of 24 h. The dosing regimen of dexmedetomidine in this study was 
based on the previous studies [15,16], and it is generally within the 
current clinical norms. For the control group, normal saline was given in 
the same fashion as dexmedetomidine. 

2.6. Hemodynamic management 

All patients received a goal-directed fluid therapy until the end of 
mechanical ventilation. The aim of this fluid therapy was to maintain the 
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SVV < 10% using Lactated Ringer’s solution together with hydroxyethyl 
starch 6% 130/0.4 boluses, which has been utilized in our patients un
dergoing major non-cardiac surgery [17]. Hypotension was defined as 
mean arterial pressure (MAP) < 65 mmHg or ≥ 20% reduction in MAP 
from baseline, and bradycardia was defined as HR < 50 beats/min. 
Hypertension was defined as systolic blood pressure > 160 mmHg, and 
tachycardia was defined as HR > 100 beats/min. Intraoperative hypo
tension was treated with intravenous ephedrine 6–10 mg or phenyl
ephrine 50–100 μg, and bradycardia was treated with intravenous 
atropine 0.5 mg. Postoperative hemodynamic events (including hypo
tension, hypertension, tachycardia, and bradycardia) with interventions 
in the ICU were recorded. Interventions for hypotension included 
norepinephrine infusion and/or intravenous fluids, and intervention for 
bradycardia was use of atropine. Interventions for hypertension and 
tachycardia included use of nicardipine, urapidil, nitroglycerin, or 
esmolol. If severe hypotension or bradycardia persisted after in
terventions, the study intervention was stopped and unmasking of the 
group allocation occurred. 

2.7. AKI prevention strategy 

The risk of postoperative AKI was evaluated preoperatively using the 
Acute Kidney Injury Risk Index. This index was based on the number of 
risk factors: age ≥ 56 years, male sex, congestive heart failure, hyper
tension, diabetes mellitus-oral or insulin therapy, emergency surgery, 
abdominal surgery, ascites, and renal insufficiency-mild or moderate 
(preoperative serum creatinine >106.1 μmol/L [18]. The Acute Kidney 
Injury Risk Index classes range from I to V: class I (0, 1, or 2 risk factors), 
class II (3 risk factors), class III (4 risk factors), class IV (5 risk factors), 
and class V (≥ 6 risk factors). A preoperative class ≥ III indicates a 
moderate to high risk of AKI postoperatively [19]. 

To prevent postoperative renal dysfunction in our patients, we 
implemented a bundle of perioperative care, including (1) optimization 
of hemodynamic status using the SVV-based goal-directed fluid therapy, 
(2) prevention and timely interventions for both hypotensive and hy
pertensive episodes, (3) discontinuation of angiotensin-converting 
enzyme inhibitors and angiotensin II receptor blockers therapy in the 
morning of surgery, (4) avoidance of nonsteroidal anti-inflammatory 
drugs, (5) avoidance of nephrotoxic antibiotics such as aminoglyco
sides, (6) maintenance of normoglycemia, (7) diuretics not used for the 
purpose of renal protection, but only for treatment of fluid overload or 
edema symptoms, (8) use of a minimal contrast volume by using auto
mated contrast injectors and small catheters, and (9) perioperative 
monitoring of serum creatinine, serum cystatin C, and urine output. 

2.8. Study outcomes 

The primary outcome was the incidence of AKI that occurred on 
postoperative day (POD) 1 or 2, based on the Acute Kidney Injury 
Network (AKIN) criteria [20]. Serum creatinine levels were assessed at 
10:00 am on POD 1 and 2, and urine output was measured hourly 
through the urinary catheter. For patients with AKI, serum creatinine 
was monitored daily or more frequently when needed. The secondary 
outcomes included serum cystatin C and eGFR measured on POD 1, 2, 
and 7, and in-hospital need for renal replacement therapy (RRT). The 
eGFR was estimated using the Chronic Kidney Disease Epidemiology 
Collaboration equation (http://ckdepi.org/equations/gfr-calculator/) 
[21]. 

Other outcomes included the incidences of in-hospital complications 
(stroke, pneumonia, cognitive dysfunction, deep venous thrombosis, 
and mesenteric venous thrombosis), length of ICU stay, length of post
operative hospital stay, 30-day need for RRT, and 30-day mortality. 
Postoperative cognitive dysfunction was assessed twice daily (8:00 and 
20:00) during the hospitalization by trained physicians using the Mini- 
Mental State Examination tool [22]. The definitions of postoperative 
complications are shown in Supplementary Table 1. 

Long-term follow-up was carried out via telephone and by reviewing 
electronic medical records until May 30, 2021. Long-term outcomes 
included need for RRT after hospital discharge and all-cause death. 

2.9. Perioperative data 

The perioperative data included the incidence of intraoperative hy
potension and bradycardia, medications for intraoperative hemody
namic events, intraoperative fluid infusion and urine output, 
intraoperative sufentanil consumption, serum lactic acid at the end of 
surgery, dose of contrast medium, SVV and CO values at the end of 
surgery and at the end of mechanical ventilation, duration of surgery, 
time to extubation, and the incidence of hemodynamic events with in
terventions in the ICU. 

2.10. Sample size calculation 

The sample size was calculated a priori using the PASS software 
(version 11.0.7; NCSS, Kaysville, UT, USA). Our preliminary data 
showed that 18.2% TBAD patients without receiving dexmedetomidine 
experienced AKI after EVAR procedures, which is in line with the recent 
literature [8]. Studies suggested that dexmedetomidine reduced the 
incidence of AKI after cardiac surgery (a 17% reduction from 33% to 
14%) [15] or after cardiac angiography (a 26.7% reduction from 36.7% 
to 10%) [23]. The therapeutic effect of dexmedetomidine on AKI after 
EVAR procedures for TBAD is unknown. Based on these reports and our 
previous data, we hypothesized that the dexmedetomidine treatment 
would lead to a 15% reduction in the AKI incidence in our patients. To 
detect such a difference with a statistical power of 80% at a one-sided α 
level of 0.05 (H1: P1 [treatment group proportion] < P2 [control group 
proportion]), we estimated that 44 patients in each group would be 
needed. Considering a possible dropout rate of 15%, we finally allocated 
102 patients, with 51 in each group. 

2.11. Statistical analysis 

Normal distribution of data was assessed using the Kolmogor
ov–Smirnov test. Continuous variables are expressed as mean ± stan
dard deviation (SD) or median (interquartile range, IQR), and 
categorical variables are presented as number of patients (percentage). 
Data were analyzed using independent t-test, Mann-Whitney U test, Chi- 
squared test, or Fisher exact test, as appropriate. The effect size of 
dexmedetomidine vs. normal saline control was assessed using the odds 
ratio (OR) or difference with 95% confidence interval (CI). 

In addition, we conducted several post hoc analyses: (1) the changes 
of serum cystatin C from baseline to POD 1, 2, and 7; (2) the number of 
patients with eGFR decrease >25%, 50%, or 75% from baseline to POD 
1, 2, and 7; (3) long-term outcomes (need for RRT and all-cause mor
tality); (4) AKI incidence, changes of serum cystatin C, number of pa
tients with eGFR decrease, and long-term outcomes were adjusted for 
baseline covariates (hypertension, diabetes, serum creatinine, eGFR, 
and serum cystatin C) using multivariate logistic regression or general
ized linear model; and (5) subgroup analysis for the incidence of AKI, 
according to age, hypertension history, lesion location, and hydrox
yethyl starch use. 

All analyses were performed based on the modified intent-to-treat 
population, including all randomized patients who had undergone 
their EVAR procedures and received the study treatment. We expected 
that missing data would be uncommon in this study, and imputation of 
missing data was not planned. Statistical analyses were conducted using 
the SPSS software (version 19.0; IBM SPSS, Chicago, IL, USA), and 
graphs were plotted using the GraphPad Prism software (version 9.00; 
GraphPad, San Diego, CA, USA). All tests were two-sided, with a P value 
<0.05 indicating a statistically significant difference. 
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3. Results 

3.1. Study flow 

From December 2016 to October 2020, a total of 110 patients were 
screened for eligibility. Of 8 patients who were excluded after screening, 
5 patients did not meet the eligibility criteria (3 with dissection lesions 
affecting renal artery in the preoperative CTA imaging, 1 having second 
degree atrioventricular block, and 1 requiring emergent surgery), and 3 
patients declined to participate. Of 102 patients randomized, surgical 
procedures were switched in 3 patients (undergoing open surgery and/ 
or need for fenestrated or branched stent), and 1 patient withdrew the 
consent before anesthesia. Finally, 98 patients completed this study 
(dexmedetomidine, n = 48; control, n = 50). Unmasking of group allo
cation did not occur. All patients received single stent EVAR procedures 
to treat TBAD. Three patients in the dexmedetomidine group and 4 
patients in the control group were lost to follow-up after hospital 
discharge, leaving 91 patients with their long-term data available for 
analysis (dexmedetomidine, n = 45; control, n = 46) (Fig. 1). 

3.2. Patient characteristics 

Patients’ demographics and baseline characteristics are shown in 

Table 1. The mean age was 58.7 years old in the dexmedetomidine group 
and 60.5 years old in the control group. Most patients (about 84%) were 
male sex. A higher number of patients in the control group than in the 
dexmedetomidine group had history of hypertension (72% vs. 60.4%) 
and diabetes (10% vs. 8.3%), without having significant between-group 
differences. All patients were at ASA status III. Based on the Acute 
Kidney Injury Risk Index classification, 10.4% of patients in the dex
medetomidine group and 6% of patients in the control group were at 
class III, and no patients were at class IV or V. 

3.3. Perioperative data 

The perioperative data are presented in Table 2. Compared with the 
control group, the dexmedetomidine treatment did not increase the 
incidence of intraoperative hypotension or bradycardia, or the per
centage of patients requiring medications for those hemodynamic 
events. No patient had severe hypotension or bradycardia that persisted 
after interventions. The two groups are comparable in terms of intra
operative fluid infusion, urine output, sufentanil consumption, serum 
lactic acid at the end of surgery, dose of contrast medium, SVV and CO 
values, duration of surgery, and time to extubation. For postoperative 
hemodynamic events with interventions in the ICU, the two groups are 
also comparable, except that a lower number of patients in the 

Fig. 1. CONSORT flowchart.  

X.-s. Shan et al.                                                                                                                                                                                                                                 



Journal of Clinical Anesthesia 75 (2021) 110498

5

dexmedetomidine group had hypertension requiring intervention than 
in the control group (33.3% vs. 58%). Hypotension and bradycardia 
with intervention in the ICU were uncommon in both groups. No patient 
needed transfusion perioperatively. 

3.4. Primary outcome 

AKI within the first postoperative two days occurred in 3 of 48 
(6.3%) patients receiving dexmedetomidine infusion, compared with 11 
of 50 (22.0%) patients receiving normal saline (OR = 0.24, 95% CI: 0.07 
to 0.89; P = 0.041) (Table 3). All AKI patients were at AKIN stage 1. The 
details of diagnosis and duration of postoperative AKI are shown in 
Supplementary Table 2. Two patients and 5 patients (4.2% vs. 10%) 
showed AKI on POD 1, and 3 patients and 11 patients (6.3% vs. 22%) 
had AKI on POD 2, in the dexmedetomidine and control groups, 
respectively. The 7 AKI patients on POD 1 still experienced AKI on POD 
2. Among 14 AKI patients on POD 2, one patient in the control group had 
both serum creatinine increase and urine output decrease, and no pa
tient fulfilled the AKI definition according to urine output decrease 
alone. The median duration of AKI was 2 (IQR, 1–8) days and 3 (IQR, 
2–6) days in the dexmedetomidine and control groups, respectively. 

The subgroup analysis for the incidence of AKI is depicted in Fig. 2. 
For the effects of dexmedetomidine vs. control on the AKI incidence, 
there was no significant heterogeneity between the subgroups of age (<
60 y vs. ≥ 60 y), hypertension history (no vs. yes), lesion location 
(descending thoracic aorta only vs. abdominal aorta involved), or 
hydroxyethyl starch use (< 500 mL vs. ≥ 500 mL). 

3.5. Secondary and other outcomes 

Serum level of cystatin C on POD 1 was significantly lower in the 
dexmedetomidine group than in the control group (1.31 [IQR, 
1.02–1.72] mg/L vs. 1.58 [IQR, 1.28–1.96] mg/L; difference = − 0.28 
mg/L, 95% CI: − 0.47 to − 0.09 mg/L; P = 0.004) (Table 3, Supple
mentary Fig. S1A). However, serum creatinine did not differ on POD 1 
between the two groups (Supplementary Fig. S1B). There were no 
between-group differences in the other secondary outcomes (Table 3). 
The dexmedetomidine group had a reduced length of postoperative 
hospital stay (10.0 ± 2.3 days vs. 11.1 ± 2.4 days). No patient needed 
RRT or died during postoperative 30 days. 

3.6. Long-term outcomes and post hoc analyses 

After adjusting for baseline covariates, the incidence of AKI was still 
significantly lower in the dexmedetomidine group than in the control 
group (adjusted OR = 0.21, 95% CI: 0.05 to 0.84; P = 0.028) (Table 4). 
The median changes of serum cystatin C on POD 1 was 0.14 (IQR, 
− 0.06–0.45) mg/L and 0.40 (IQR, 0.09–0.71) mg/L in the dexmedeto
midine and control groups, respectively. The between-group difference 
was − 0.26 mg/L (95% CI: − 0.45 to − 0.08 mg/L; P = 0.005) in the 
unadjusted analysis, and was − 0.28 mg/L (95% CI: − 0.48 to − 0.09 mg/ 

Table 1 
Baseline characteristics.   

Dexmedetomidine (n =
48) 

Control (n =
50) 

P 
value 

Demographics    
Age (years) 58.7 ± 11.4 60.5 ± 12.5 0.471 
Female sex 8 (16.7%) 8 (16%) 0.929 
Body mass index (kg/m2) 25.2 ± 4.3 24.3 ± 3.3 0.221 

Comorbidities    
Hypertension 29 (60.4%) 36 (72%) 0.225 
Diabetes 4 (8.3%) 5 (10%) 1.000 
Coronary artery disease 3 (6.2%) 3 (6%) 1.000 
Cerebral vascular disease 2 (4.2%) 1 (2%) 0.613 

Preoperative laboratory data    
Hemoglobin (g/L) 131.3 ± 15.4 128.3 ± 15.5 0.348 
Lactic acid (mmol/L) 1.07 ± 0.29 1.11 ± 0.36 0.552 
Serum creatinine (μmol/L) 79.6 ± 26.1 76.4 ± 20.7 0.504 
eGFR (mL/min) 94.9 ± 23.2 91.8 ± 23.2 0.508 
Serum cystatin C (mg/L) 1.23 ± 0.46 1.32 ± 0.49 0.355 

Preoperative medication    
Calcium channel blockers 15 (31.2%) 18 (36%) 0.619 
Beta blockers 4 (8.3%) 5 (10%) 1.000 
Renin-angiotensin system 
inhibitors 

14 (29.2%) 16 (32%) 0.761 

Diuretics 3 (6.2%) 2 (4%) 0.674 
Statins 7 (14.6%) 8 (16%) 0.846 

Lesion location    
Descending thoracic aorta 
only 

20 (41.7%) 24 (48%) 0.529 

Abdominal aorta involved 28 (58.3%) 26 (52%)  
Acute Kidney Injury Risk 

Index class a    

I 29 (60.4%) 25 (50%) 0.282 
II 14 (29.2%) 22 (44%)  
III 5 (10.4%) 3 (6%)  

Data are mean ± standard deviation or number of patients (percentage). 
eGFR, estimated glomerular filtration rate. 

a Acute Kidney Injury Risk Index class (I to V, with a higher class indicating a 
higher risk of AKI postoperatively). 

Table 2 
Perioperative data.   

Dexmedetomidine (n 
= 48) 

Control (n =
50) 

P 
value 

Intraoperative hemodynamic 
events    
Hypotension 20 (41.7%) 18 (36%) 0.565 
Bradycardia 9 (18.8%) 5 (10%) 0.216 

Medications for intraoperative 
hemodynamic events    
Ephedrine 14 (29.2%) 11 (22%) 0.416 
Phenylephrine 12 (25%) 10 (20%) 0.553 
Atropine 9 (18.8%) 5 (10%) 0.216 

Intraoperative fluids and urine 
output    
Lactated Ringer’s solution 
(mL) 

830 (600–1000) 800 
(600–1000) 

0.878 

Hydroxyethyl starch 6% 
130/0.4 (mL) 

480 (400–520) 480 
(380–510) 

0.781 

Urine output (mL/h) 150 ± 66 132 ± 58 0.150 
Intraoperative sufentanil (μg/ 

kg) 
0.67 ± 0.22 0.71 ± 0.20 0.356 

Serum lactic acid at the end of 
surgery (mmol/L) 

1.10 ± 0.32 1.14 ± 0.36 0.562 

Contrast medium (iodixanol, 
mL/kg) 

2.35 ± 0.46 2.43 ± 0.44 0.361 

SVV at the end of surgery (%) 7.5 ± 2.4 6.8 ± 2.1 0.127 
SVV at the end of mechanical 

ventilation (%) 
8.2 ± 2.0 8.8 ± 3.2 0.271 

CO at the end of surgery (L/ 
min) 

4.97 ± 0.88 4.81 ± 0.78 0.361 

CO at the end of mechanical 
ventilation (L/min) 

5.71 ± 1.11 5.65 ± 1.05 0.790 

Duration of surgery (min) 120 ± 73 134 ± 80 0.394 
Time to extubation (min) 79 (35–125) 76 (30–174) 0.884 
Hemodynamic events in the 

ICU    
Hypotension with 
intervention 

4 (8.3%) 3 (6%) 0.712 

Bradycardia with 
intervention 

1 (2.1%) 0 (0%) 0.490 

Hypertension with 
intervention 

16 (33.3%) 29 (58%) 0.014 

Tachycardia with 
intervention 

1 (2.1%) 6 (12%) 0.112 

Data are mean ± standard deviation, median (interquartile range), or number of 
patients (percentage). 
SVV, stroke volume variation; CO, cardiac output; ICU, intensive care unit. 
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L; P = 0.004) after adjustment. The dexmedetomidine group had a lower 
number of patients with eGFR decrease >25% on POD 1 (2 of 48 vs. 5 of 
50) and POD 2 (3 of 48 vs. 9 of 50). No patient had eGFR decrease >50% 
or 75%. 

To assess the long-term outcomes, patients were followed-up for a 
median of 28.4 (IQR, 16.2–40.5) months. There were no significant 
between-group differences in need for RRT or all-cause mortality 
(Table 4). All 3 patients requiring RRT in the control group were diag
nosed with postoperative AKI after the EVAR procedures. During the 
follow-up period, 1 patient in each group died of cancer, 1 patient in the 
dexmedetomidine group died of gastrointestinal hemorrhage, and 3 
patients in the control group (including 2 cases who had postoperative 
AKI and needed RRT after hospital discharge) died due to infection, 
stroke, and unknown reasons. The details of deceased patients during 
the long-term follow-up are shown in Supplementary Table 3. 

4. Discussion 

In this study, the 24-hour dexmedetomidine treatment reduced the 

incidence of AKI in TBAD patients following EVAR procedures. In 
addition, the dexmedetomidine group had lower serum cystatin C and 
changes of serum cystatin C on POD 1 than in the control group. These 
between-group differences remained statistically significant after 
adjustment for baseline covariates. To the best of our knowledge, this is 
the first randomized controlled trial to suggest that dexmedetomidine 
could reduce the AKI incidence in TBAD patients undergoing EVAR 
procedures. 

The deterioration of renal function following EVAR procedures has 
been reported previously [24–26]. The contrast medium containing 
iodixanol is a critical risk factor for postoperative renal dysfunction, 
leading to contrast-induced nephropathy [27–29]. Stress response and 
inflammation induced by surgical procedures further exacerbate renal 
dysfunction [30]. The American College of Radiology recommended the 
use of AKIN criteria for the diagnosis of contrast-induced nephropathy 
[31,32]. Therefore, postoperative AKI in our patients was assessed using 
the AKIN criteria. Owing to our AKI prevention strategy incorporating 
the Kidney Disease: Improving Global Outcomes (KDIGO) guidelines, all 
AKI patients in this study were at AKIN stage 1, and no patient developed 
severe AKI (stage 2 or 3). Our dexmedetomidine treatment for a total of 
24 h led to a reduced occurrence of AKI events after EVAR procedures in 
TBAD patients. When using the Risk, Injury, Failure, Loss of kidney 
function, End-stage renal disease (RIFLE) criteria and utilizing GFR 
decrease >25% as a criterion for AKI, we also found a lower number of 
patients with GFR decrease >25% in the dexmedetomidine group on 
POD 1 and 2, but the between-group difference did not achieve a sta
tistically significant level. However, a major limitation of the RIFLE 
criteria is that it underestimates the impact of a small increase in serum 
creatinine on postoperative morbidity and mortality [33]. Using the 
RIFLE criteria, the number of patients with AKI may be underestimated. 
To overcome this, the AKIN criteria which takes into account a small 
creatinine increase (≥ 0.3 mg/dL or 26.5 μmol/L) has been introduced 
and widely used [20]. 

Currently, AKI is diagnosed by assessing increased serum creatinine 
or decreased urine output. Several AKI diagnostic systems have been 
developed, including the RIFLE, AKIN, and KDIGO [6]. However, the 
identification and early intervention of AKI may be delayed, because 
detecting changes of serum creatinine or urine output has a relatively 
late diagnostic presentation. It is reported that any measurable increase 
in serum creatinine does not occur until more than half of active 
nephrons are damaged (GFR < 40 mL/min/1.73m2) [34]. Over the 
recent years, several novel and specific biomarkers such as cystatin C 
and neutrophil gelatinase-associated lipocalin have emerged for early 
AKI detection [34–36]. Studies suggested that monitoring the concen
tration of serum cystatin C helped to identify the early stage of contrast- 
induced nephropathy [37,38]. In our study, 7 patients showed AKI on 
POD 1, and 14 patients had AKI on POD 2, based on serum creatinine 
increase using the AKIN criteria. The dexmedetomidine group had lower 
serum levels of cystatin C and changes of serum cystatin C on POD 1, 
while serum creatinine did not differ on POD 1 between the two groups. 
These results suggest that dexmedetomidine treatment alleviated renal 
dysfunction following EVAR procedures and that assessing serum levels 
of cystatin C exhibited an early diagnostic value. 

Several meta-analyses have evaluated the renoprotective effects of 
dexmedetomidine after cardiac surgery. Peng, et al. reported that dex
medetomidine reduced the AKI incidence from 18.3% to 10.9% [39], 
Liu, et al. found AKI incidence decreasing from 12.3% to 8.6% [40], and 
Li, et al. showed AKI incidence in pediatrics decreasing from 38.8% to 
23.9% [41]. In our study, dexmedetomidine reduced the incidence of 
AKI from 22% to 6.3% (i.e., a 15.7% reduction) after EVAR procedures 
for TBAD. It seems that dexmedetomidine could offer a stronger renal 
protective effect in this patient population. There are some explanations 
for our findings. First, studies showed that administration of contrast 
media reduced renal blood flow via enhancing intrarenal vasoconstric
tion and inhibiting vasodilation [42,43], whereas dexmedetomidine 
attenuates sympathy–adrenal hyperactivity, inhibits renin release, and 

Table 3 
Postoperative outcomes.   

Dexmedetomidine 
(n = 48) 

Control (n 
= 50) 

Odds ratio or 
difference 
(95%CI) 

P 
value 

Primary     
Acute kidney 
injury 

3 (6.3%) 11 (22%) 0.24 (0.07 to 
0.89) 

0.041 

Secondary     
Serum cystatin 
C at POD 1 
(mg/L) 

1.31 (1.02–1.72) 1.58 
(1.28–1.96) 

− 0.28 
(− 0.47 to 
− 0.09) 

0.004 

Serum cystatin 
C at POD 2 
(mg/L) 

1.36 (1.19–1.73) 1.53 
(1.26–2.07) 

− 0.15 
(− 0.35 to 
0.01) 

0.073 

Serum cystatin 
C at POD 7 
(mg/L) 

1.21 (1.00–1.53) 1.35 
(1.02–1.61) 

− 0.08 
(− 0.25 to 
0.09) 

0.358 

eGFR at POD 1 
(ml/min) 

91.3 ± 20.7 85.4 ± 23.2 5.85 (− 2.98 
to 14.68) 

0.192 

eGFR at POD 2 
(ml/min) 

88.5 ± 21.7 82.2 ± 24.2 6.23 (− 3.00 
to 15.48) 

0.183 

eGFR at POD 7 
(ml/min) 

94.3 ± 20.3 88.3 ± 22.2 6.01 (− 2.55 
to 14.57) 

0.167 

In-hospital 
need for RRT 

0 (0%) 0 (0%) – 1.000 

Other     
Stroke 1 (2.1%) 1 (2%) 1.04 (0.06 to 

17.15) 
1.000 

Pneumonia 3 (6.2%) 4 (8%) 0.77 (0.16 to 
3.62) 

1.000 

Cognitive 
dysfunction 

2 (4.2%) 6 (12%) 0.32 (0.06 to 
1.67) 

0.269 

Deep venous 
thrombosis 

2 (4.2%) 1 (2%) 2.13 (0.19 to 
24.30) 

0.613 

Mesenteric 
venous 
thrombosis 

0 (0%) 1 (2%) 0 (0 to 9.38) 1.000 

Length of ICU 
stay (day) 

2 (1–2) 2 (1–2) 0 (0 to 0) 0.674 

Length of 
postoperative 
stay (day) 

10.0 ± 2.3 11.1 ± 2.4 − 1.1 (− 2.05 
to − 0.15) 

0.024 

In-hospital 
mortality 

0 (0%) 0 (0%) – 1.000 

30-day need 
for RRT 

0 (0%) 0 (0%) – 1.000 

30-day 
mortality 

0 (0%) 0 (0%) – 1.000 

Data are mean ± standard deviation, median (interquartile range), or number of 
patients (percentage). 
POD, postoperative day; eGFR, estimated glomerular filtration rate; RRT, renal 
replacement therapy; ICU, intensive care unit. 
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promotes renal vasodilation, leading to an enhanced GFR and increased 
urine output [10,44,45]. Second, dexmedetomidine has been shown to 
effectively reduce the incidence of AKI from 36.7% to 10% (i.e., a 26.7% 
reduction) after cardiac angiography, suggesting a strong protective 
effect of dexmedetomidine against contrast-induced AKI [23]. Last, from 
the perspective of molecular mechanisms, pretreatment with an α2 
adrenoreceptor agonist (dexmedetomidine or clonidine) protected 
against radiocontrast-induced nephropathy in mice, as reflected by 
reduced plasma creatinine, alleviation of renal tubular necrosis and 
apoptosis, and decreased cortical tubule vacuolization [46]. 

This 24-h dexmedetomidine treatment showed a favorable safety 
profile, without an increase in hypotension or bradycardia events during 
the EVAR procedures or in the ICU. We found that all hypotension and 
bradycardia episodes in our patients were transient. This is attributable 
to the relative low doses of dexmedetomidine used in this study without 

a loading dose. Dexmedetomidine administered at a loading dose (such 
as 1 μg/kg/h over 10 min) followed by a maintenance infusion is often 
used for sedation or monitored anesthesia care in diagnostic procedures. 
A loading dose of dexmedetomidine in general anesthesia may increase 
the risk of hypotension and bradycardia [47], whereas hypotension is a 
critical determinant of postoperative renal dysfunction [6]. Previous 
studies suggested that dexmedetomidine infusion at a rate of 0.4 μg/kg/ 
h, without a loading dose, reduced the incidence of AKI after cardiac or 
aortic surgery [14,15]. Furthermore, postoperative dexmedetomidine 
administration at a low dose (i.e., 0.1 μg/kg/h) has been shown to 
enhance postoperative care through improving sleep quality and 
reducing delirium after non-cardiac surgery [16]. For these reasons, we 
used this dosing regimen of dexmedetomidine (i.e., 0.4 μg/kg/h and 
then 0.1 μg/kg/h) in our patients, without a loading dose. 

After the EVAR procedures, medications are often needed to treat 

Fig. 2. Subgroup analysis for the incidence of AKI, according to age, hypertension history, lesion location, and hydroxyethyl starch use.  

Table 4 
Results of post hoc analyses.   

Dexmedetomidine (n =
48) 

Control (n = 50) Odds ratio or difference 
(95%CI) 

P 
value 

Adjusted odds ratio or 
difference (95%CI) a 

Adjusted P 
value a 

Primary outcome       
Acute kidney injury 3 (6.3%) 11 (22%) 0.24 (0.07 to 0.89) 0.041 0.21 (0.05 to 0.84) 0.028 

Other renal outcomes       
Changes of serum cystatin C on 
POD 1 (mg/L) 

0.14 (− 0.06–0.45) 0.40 (0.09–0.71) − 0.26 (− 0.45 to − 0.08) 0.005 − 0.28 (− 0.48 to − 0.09) 0.004 

Changes of serum cystatin C on 
POD 2 (mg/L) 

0.30 (0.01–0.43) 0.42 (0.11–0.68) − 0.12 (− 0.32 to 0.01) 0.065 − 0.16 (− 0.32 to 0.01) 0.057 

Changes of serum cystatin C on 
POD 7 (mg/L) 

0.13 (− 0.05–0.28) 0.17 
(− 0.13–0.40) 

− 0.04 (− 0.16 to 0.14) 0.867 − 0.02 (− 0.17 to 0.13) 0.775 

eGFR decrease >25% on POD 1 2 (4.2%) 5 (10%) 0.39 (0.08 to 2.01) 0.436 0.33 (0.06 to 1.90) 0.216 
eGFR decrease >25% on POD 2 3 (6.3%) 9 (18%) 0.30 (0.08 to 1.06) 0.122 0.28 (0.07 to 1.13) 0.074 
eGFR decrease >25% on POD 7 2 (4.2%) 2 (4%) 1.04 (0.16 to 6.87) 1.000 1.12 (0.14 to 8.74) 0.915 

Long-term outcomes       
Renal replacement therapy 1 (2.2%) (n = 45) 3 (6.5%) (n =

46) 
0.33 (0.02 to 2.28) 0.617 0.32 (0.03 to 3.39) 0.340 

All-cause death 2 (4.4%) (n = 45) 4 (8.7%) (n =
46) 

0.49 (0.09 to 2.21) 0.677 0.64 (0.09 to 4.45) 0.648 

Data are median (interquartile range) or number of patients (percentage). 
POD, postoperative day; eGFR, estimated glomerular filtration rate; CI, confidence interval. 

a Adjusted for baseline covariates (hypertension, diabetes, serum creatinine, eGFR, and serum cystatin C) using multivariate logistic regression or generalized linear 
model. 
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hypertension in TBAD patients, and our results showed that the dex
medetomidine infusion reduced the proportion of patients who required 
interventions for hypertension in the ICU. A recent study suggests that 
the reduction of length of stay may be due to the reduction in delirium 
for patients undergoing major non-cardiac and cardiac surgery [48]. 
Although we found a reduction of one day of postoperative hospital stay 
associated with dexmedetomidine, there are many confounding vari
ables affecting the length of stay in this study. Thus, whether dexme
detomidine could enhance postoperative recovery of TBAD patients 
after EVAR procedures needs further investigation. 

This study has several limitations. First, patients were excluded if the 
dissection lesion involved aortic arch or renal artery or when the sur
gical procedure was changed. In addition, we only included patients 
with ASA status III, because patients with a poor preoperative status 
(ASA class ≥ IV) had a significantly worse outcome compared to patients 
with ASA class III (1-year survival rate, 28.6% vs. 92.6%) [49]. By doing 
so, we optimized the uniformity of patients in this study. However, we 
suggest that further studies are needed for patients with higher ASA 
class, lesion involving renal artery, decreased GFR, or renal dysfunction 
before surgery. Second, our study was powered for the primary outcome 
of postoperative AKI, so the current sample size precludes any firm 
statistical or clinical inferences for the secondary and long-term out
comes. Third, hydroxyethyl starch 6% 130/0.4 was used in the SVV- 
guided fluid therapy. While the effects of hydroxyethyl starch on renal 
function remain controversial [50,51], recent studies showed that 
modern hydroxyethyl starch 6% 130/0.4 as part of goal-directed fluid 
therapy was associated with better outcomes than a traditional or a 
crystalloid-based fluid therapy, without short- or long-term renal injury 
after major surgery [52–56]. Last, this study was conducted at a single 
center, and our perioperative care of keeping TBAD patients after EVAR 
procedures weaned and extubated in the ICU and having continuous SV 
and CO monitoring until ICU discharge is probably not the standard 
practice in many other institutions. Therefore, further studies are 
required to confirm the potential generalization of our findings and to 
determine the long-term benefits of dexmedetomidine in EVAR pro
cedures for TBAD patients. 

In conclusion, this pilot study suggests that perioperative dexmede
tomidine treatment reduces the incidence of AKI following EVAR pro
cedures in TBAD patients. Our findings justify a larger multicenter study 
to investigate the renoprotective benefits and long-term outcomes of 
dexmedetomidine in this patient population. 

Supplementary data to this article can be found online at https://doi. 
org/10.1016/j.jclinane.2021.110498. 

Declarations of interests 

The authors declared no competing interests. The manufacturer of 
dexmedetomidine (Jiangsu Hengrui Medicine Co, Ltd., Jiangsu, China) 
had no role in the study design, data collection, statistical analysis, data 
interpretation, or manuscript preparation. 

Funding 

This study was supported by the National Natural Science Founda
tion of China (82072130 and 81873925 to FHJ), Natural Science 
Foundation of Jiangsu Province (BK20191171 to FHJ), and Science and 
Technology Development Plan Clinical Trial Project (SLT201909 to 
FHJ). 

Acknowledgements 

We would like to thank the patients, research assistants, anesthesia 
and surgical nurses, and all other healthcare providers for their support 
and participation in this study. 

References 

[1] Fattori R, Cao P, De Rango P, Czerny M, Evangelista A, Nienaber C, et al. 
Interdisciplinary expert consensus document on management of type B aortic 
dissection. J Am Coll Cardiol 2013;61(16):1661–78. 

[2] Afifi RO, Sandhu HK, Leake SS, Boutrous ML, Kumar 3rd V, Azizzadeh A, et al. 
Outcomes of patients with acute type B (DeBakey III) aortic dissection: a 13-year, 
single-center experience. Circulation. 2015;132(8):748–54. 

[3] Nauta FJ, Trimarchi S, Kamman AV, Moll FL, van Herwaarden JA, Patel HJ, et al. 
Update in the management of type B aortic dissection. Vasc Med 2016;21(3): 
251–63. 

[4] Lederle FA, Freischlag JA, Kyriakides TC, Matsumura JS, Padberg Jr FT, Kohler TR, 
et al. Long-term comparison of endovascular and open repair of abdominal aortic 
aneurysm. N Engl J Med 2012;367(21):1988–97. 

[5] Goodney PP, Travis L, Lucas FL, Fillinger MF, Goodman DC, Cronenwett JL, et al. 
Survival after open versus endovascular thoracic aortic aneurysm repair in an 
observational study of the Medicare population. Circulation. 2011;124(24): 
2661–9. 

[6] Gumbert SD, Kork F, Jackson ML, Vanga N, Ghebremichael SJ, Wang CY, et al. 
Perioperative acute kidney injury. Anesthesiology. 2020;132(1):180–204. 

[7] Stacul F, van der Molen AJ, Reimer P, Webb JA, Thomsen HS, Morcos SK, et al. And 
contrast media safety Committee of European Society of urogenital R. contrast 
induced nephropathy: updated ESUR contrast media safety committee guidelines. 
Eur Radiol 2011;21(12):2527–41. 

[8] Jhaveri KD, Saratzis AN, Wanchoo R, Sarafidis PA. Endovascular aneurysm repair 
(EVAR)- and transcatheter aortic valve replacement (TAVR)-associated acute 
kidney injury. Kidney Int 2017;91(6):1312–23. 

[9] Farag E, Argalious M, Abd-Elsayed A, Ebrahim Z, Doyle DJ. The use of 
dexmedetomidine in anesthesia and intensive care: a review. Curr Pharm Des 2012; 
18(38):6257–65. 

[10] Villela NR, do Nascimento Junior P, de Carvalho LR, Teixeira A. Effects of 
dexmedetomidine on renal system and on vasopressin plasma levels. Experimental 
study in dogs. Rev Bras Anestesiol 2005;55(4):429–40. 

[11] Liang H, Liu HZ, Wang HB, Zhong JY, Yang CX, Zhang B. Dexmedetomidine 
protects against cisplatin-induced acute kidney injury in mice through regulating 
apoptosis and inflammation. Inflamm Res 2017;66(5):399–411. 

[12] Si Y, Bao H, Han L, Shi H, Zhang Y, Xu L, et al. Dexmedetomidine protects against 
renal ischemia and reperfusion injury by inhibiting the JAK/STAT signaling 
activation. J Transl Med 2013;11:141. 

[13] Jo YY, Kim JY, Lee JY, Choi CH, Chang YJ, Kwak HJ. The effect of intraoperative 
dexmedetomidine on acute kidney injury after pediatric congenital heart surgery: a 
prospective randomized trial. Medicine (Baltimore) 2017;96(28):e7480. 

[14] Soh S, Shim JK, Song JW, Bae JC, Kwak YL. Effect of dexmedetomidine on acute 
kidney injury after aortic surgery: a single-centre, placebo-controlled, randomised 
controlled trial. Br J Anaesth 2020;29 (S0007–0912(0020)30001–30005). 

[15] Cho JS, Shim JK, Soh S, Kim MK, Kwak YL. Perioperative dexmedetomidine 
reduces the incidence and severity of acute kidney injury following valvular heart 
surgery. Kidney Int 2016;89(3):693–700. 

[16] Su X, Meng ZT, Wu XH, Cui F, Li HL, Wang DX, et al. Dexmedetomidine for 
prevention of delirium in elderly patients after non-cardiac surgery: a randomised, 
double-blind, placebo-controlled trial. Lancet. 2016;388(10054):1893–902. 

[17] Peng K, Li J, Cheng H, Ji FH. Goal-directed fluid therapy based on stroke volume 
variations improves fluid management and gastrointestinal perfusion in patients 
undergoing major orthopedic surgery. Med Princ Pract 2014;23(5):413–20. 

[18] Kheterpal S, Tremper KK, Heung M, Rosenberg AL, Englesbe M, Shanks AM, et al. 
Development and validation of an acute kidney injury risk index for patients 
undergoing general surgery: results from a national data set. Anesthesiology. 2009; 
110(3):505–15. 

[19] Futier E, Lefrant JY, Guinot PG, Godet T, Lorne E, Cuvillon P, et al. Effect of 
individualized vs standard blood pressure management strategies on postoperative 
organ dysfunction among high-risk patients undergoing major surgery: a 
randomized clinical trial. JAMA. 2017;318(14):1346–57. 

[20] Mehta RL, Kellum JA, Shah SV, Molitoris BA, Ronco C, Warnock DG, et al. Acute 
Kidney Injury Network: report of an initiative to improve outcomes in acute kidney 
injury. Crit Care 2007;11(2) (R31). 

[21] Levey AS, Stevens LA, Schmid CH, Zhang YL, Castro 3rd AF, Feldman HI, et al. 
A new equation to estimate glomerular filtration rate. Ann Intern Med 2009;150 
(9):604–12. 

[22] Ehsani R, Djalali Motlagh S, Zaman B, Sehat Kashani S, Ghodraty MR. Effect of 
general versus spinal anesthesia on postoperative delirium and early cognitive 
dysfunction in elderly patients. Anesth Pain Med 2020;10(4):e101815. 

[23] Bayram A, Ulgey A, Baykan A, Narin N, Narin F, Esmaoglu A, et al. The effects of 
dexmedetomidine on early stage renal functions in pediatric patients undergoing 
cardiac angiography using non-ionic contrast media: a double-blind, randomized 
clinical trial. Paediatr Anaesth 2014;24(4):426–32. 

[24] Li X, Zhang W, Liu J, Gonzalez L, Liu D, Zhang L, et al. Contrast-induced kidney 
nephropathy in thoracic endovascular aortic repair: a 2-year retrospective study in 
470 patients. Angiology. 2020;71(3):242–8. 

[25] Ikeda S, Hagihara M, Kitagawa A, Izumi Y, Suzuki K, Ota T, et al. Renal dysfunction 
after abdominal or thoracic endovascular aortic aneurysm repair: incidence and 
risk factors. Jpn J Radiol 2017;35(10):562–7. 

[26] Zarkowsky DS, Hicks CW, Bostock IC, Stone DH, Eslami M, Goodney PP. Renal 
dysfunction and the associated decrease in survival after elective endovascular 
aneurysm repair. J Vasc Surg 2016;64(5):1278–85 [e1271]. 

X.-s. Shan et al.                                                                                                                                                                                                                                 

https://doi.org/10.1016/j.jclinane.2021.110498
https://doi.org/10.1016/j.jclinane.2021.110498
http://refhub.elsevier.com/S0952-8180(21)00340-8/rf0005
http://refhub.elsevier.com/S0952-8180(21)00340-8/rf0005
http://refhub.elsevier.com/S0952-8180(21)00340-8/rf0005
http://refhub.elsevier.com/S0952-8180(21)00340-8/rf0010
http://refhub.elsevier.com/S0952-8180(21)00340-8/rf0010
http://refhub.elsevier.com/S0952-8180(21)00340-8/rf0010
http://refhub.elsevier.com/S0952-8180(21)00340-8/rf0015
http://refhub.elsevier.com/S0952-8180(21)00340-8/rf0015
http://refhub.elsevier.com/S0952-8180(21)00340-8/rf0015
http://refhub.elsevier.com/S0952-8180(21)00340-8/rf0020
http://refhub.elsevier.com/S0952-8180(21)00340-8/rf0020
http://refhub.elsevier.com/S0952-8180(21)00340-8/rf0020
http://refhub.elsevier.com/S0952-8180(21)00340-8/rf0025
http://refhub.elsevier.com/S0952-8180(21)00340-8/rf0025
http://refhub.elsevier.com/S0952-8180(21)00340-8/rf0025
http://refhub.elsevier.com/S0952-8180(21)00340-8/rf0025
http://refhub.elsevier.com/S0952-8180(21)00340-8/rf0030
http://refhub.elsevier.com/S0952-8180(21)00340-8/rf0030
http://refhub.elsevier.com/S0952-8180(21)00340-8/rf0035
http://refhub.elsevier.com/S0952-8180(21)00340-8/rf0035
http://refhub.elsevier.com/S0952-8180(21)00340-8/rf0035
http://refhub.elsevier.com/S0952-8180(21)00340-8/rf0035
http://refhub.elsevier.com/S0952-8180(21)00340-8/rf0040
http://refhub.elsevier.com/S0952-8180(21)00340-8/rf0040
http://refhub.elsevier.com/S0952-8180(21)00340-8/rf0040
http://refhub.elsevier.com/S0952-8180(21)00340-8/rf0045
http://refhub.elsevier.com/S0952-8180(21)00340-8/rf0045
http://refhub.elsevier.com/S0952-8180(21)00340-8/rf0045
http://refhub.elsevier.com/S0952-8180(21)00340-8/rf0050
http://refhub.elsevier.com/S0952-8180(21)00340-8/rf0050
http://refhub.elsevier.com/S0952-8180(21)00340-8/rf0050
http://refhub.elsevier.com/S0952-8180(21)00340-8/rf0055
http://refhub.elsevier.com/S0952-8180(21)00340-8/rf0055
http://refhub.elsevier.com/S0952-8180(21)00340-8/rf0055
http://refhub.elsevier.com/S0952-8180(21)00340-8/rf0060
http://refhub.elsevier.com/S0952-8180(21)00340-8/rf0060
http://refhub.elsevier.com/S0952-8180(21)00340-8/rf0060
http://refhub.elsevier.com/S0952-8180(21)00340-8/rf0065
http://refhub.elsevier.com/S0952-8180(21)00340-8/rf0065
http://refhub.elsevier.com/S0952-8180(21)00340-8/rf0065
http://refhub.elsevier.com/S0952-8180(21)00340-8/rf0070
http://refhub.elsevier.com/S0952-8180(21)00340-8/rf0070
http://refhub.elsevier.com/S0952-8180(21)00340-8/rf0070
http://refhub.elsevier.com/S0952-8180(21)00340-8/rf0075
http://refhub.elsevier.com/S0952-8180(21)00340-8/rf0075
http://refhub.elsevier.com/S0952-8180(21)00340-8/rf0075
http://refhub.elsevier.com/S0952-8180(21)00340-8/rf0080
http://refhub.elsevier.com/S0952-8180(21)00340-8/rf0080
http://refhub.elsevier.com/S0952-8180(21)00340-8/rf0080
http://refhub.elsevier.com/S0952-8180(21)00340-8/rf0085
http://refhub.elsevier.com/S0952-8180(21)00340-8/rf0085
http://refhub.elsevier.com/S0952-8180(21)00340-8/rf0085
http://refhub.elsevier.com/S0952-8180(21)00340-8/rf0090
http://refhub.elsevier.com/S0952-8180(21)00340-8/rf0090
http://refhub.elsevier.com/S0952-8180(21)00340-8/rf0090
http://refhub.elsevier.com/S0952-8180(21)00340-8/rf0090
http://refhub.elsevier.com/S0952-8180(21)00340-8/rf0095
http://refhub.elsevier.com/S0952-8180(21)00340-8/rf0095
http://refhub.elsevier.com/S0952-8180(21)00340-8/rf0095
http://refhub.elsevier.com/S0952-8180(21)00340-8/rf0095
http://refhub.elsevier.com/S0952-8180(21)00340-8/rf0100
http://refhub.elsevier.com/S0952-8180(21)00340-8/rf0100
http://refhub.elsevier.com/S0952-8180(21)00340-8/rf0100
http://refhub.elsevier.com/S0952-8180(21)00340-8/rf0105
http://refhub.elsevier.com/S0952-8180(21)00340-8/rf0105
http://refhub.elsevier.com/S0952-8180(21)00340-8/rf0105
http://refhub.elsevier.com/S0952-8180(21)00340-8/rf0110
http://refhub.elsevier.com/S0952-8180(21)00340-8/rf0110
http://refhub.elsevier.com/S0952-8180(21)00340-8/rf0110
http://refhub.elsevier.com/S0952-8180(21)00340-8/rf0115
http://refhub.elsevier.com/S0952-8180(21)00340-8/rf0115
http://refhub.elsevier.com/S0952-8180(21)00340-8/rf0115
http://refhub.elsevier.com/S0952-8180(21)00340-8/rf0115
http://refhub.elsevier.com/S0952-8180(21)00340-8/rf0120
http://refhub.elsevier.com/S0952-8180(21)00340-8/rf0120
http://refhub.elsevier.com/S0952-8180(21)00340-8/rf0120
http://refhub.elsevier.com/S0952-8180(21)00340-8/rf0125
http://refhub.elsevier.com/S0952-8180(21)00340-8/rf0125
http://refhub.elsevier.com/S0952-8180(21)00340-8/rf0125
http://refhub.elsevier.com/S0952-8180(21)00340-8/rf0130
http://refhub.elsevier.com/S0952-8180(21)00340-8/rf0130
http://refhub.elsevier.com/S0952-8180(21)00340-8/rf0130


Journal of Clinical Anesthesia 75 (2021) 110498

9

[27] Andreucci M, Faga T, Serra R, De Sarro G, Michael A. Update on the renal toxicity 
of iodinated contrast drugs used in clinical medicine. Drug Healthc Patient Saf 
2017;9:25–37. 

[28] Jorgensen AL. Contrast-induced nephropathy: pathophysiology and preventive 
strategies. Crit Care Nurse 2013;33(1):37–46. 

[29] Guneyli S, Bozkaya H, Cinar C, Korkmaz M, Duman S, Acar T, et al. The incidence 
of contrast medium-induced nephropathy following endovascular aortic aneurysm 
repair: assessment of risk factors. Jpn J Radiol 2015;33(5):253–9. 

[30] Moulakakis KG, Sfyroeras GS, Papapetrou A, Antonopoulos CN, Mantas G, 
Kakisis J, et al. Inflammatory response and renal function following endovascular 
repair of the descending thoracic aorta. J Endovasc Ther 2015;22(2):201–6. 

[31] Davenport MS, Khalatbari S, Cohan RH, Dillman JR, Myles JD, Ellis JH. Contrast 
material-induced nephrotoxicity and intravenous low-osmolality iodinated 
contrast material: risk stratification by using estimated glomerular filtration rate. 
Radiology. 2013;268(3):719–28. 

[32] ACR Committee on Drugs and Contrast Media. Manual on Contrast Media. 
http://www.acr.org/Quality-Safety/Resources/Contrast-Manual; 2020. 

[33] Lassnigg A, Schmidlin D, Mouhieddine M, Bachmann LM, Druml W, Bauer P, et al. 
Minimal changes of serum creatinine predict prognosis in patients after 
cardiothoracic surgery: a prospective cohort study. J Am Soc Nephrol 2004;15(6): 
1597–605. 

[34] Dharnidharka VR, Kwon C, Stevens G. Serum cystatin C is superior to serum 
creatinine as a marker of kidney function: a meta-analysis. Am J Kidney Dis 2002; 
40(2):221–6. 

[35] Charlton JR, Portilla D, Okusa MD. A basic science view of acute kidney injury 
biomarkers. Nephrol Dial Transplant 2014;29(7):1301–11. 

[36] Onopiuk A, Tokarzewicz A, Gorodkiewicz E. Cystatin C: a kidney function 
biomarker. Adv Clin Chem 2015;68:57–69. 

[37] Banda J, Duarte R, Dix-Peek T, Dickens C, Manga P, Naicker S. Biomarkers for 
diagnosis and prediction of outcomes in contrast-induced nephropathy. Int J 
Nephrol 2020;2020:8568139. 

[38] Benzer M, Alpay H, Baykan O, Erdem A, Demir IH. Serum NGAL, cystatin C and 
urinary NAG measurements for early diagnosis of contrast-induced nephropathy in 
children. Ren Fail 2016;38(1):27–34. 

[39] Peng K, Li D, Applegate 2nd RL, Lubarsky DA, Ji FH, Liu H. Effect of 
dexmedetomidine on cardiac surgery-associated acute kidney injury: a Meta- 
analysis with trial sequential analysis of randomized controlled trials. 
J Cardiothorac Vasc Anesth 2020;34(3):603–13. 

[40] Liu Y, Sheng B, Wang S, Lu F, Zhen J, Chen W. Dexmedetomidine prevents acute 
kidney injury after adult cardiac surgery: a meta-analysis of randomized controlled 
trials. BMC Anesthesiol 2018;18(1):7. 

[41] Li X, Zhang C, Dai D, Liu H, Ge S. Efficacy of dexmedetomidine in prevention of 
junctional ectopic tachycardia and acute kidney injury after pediatric cardiac 
surgery: a meta-analysis. Congenit Heart Dis 2018;13(5):799–807. 

[42] Deray G, Martinez F, Cacoub P, Baumelou B, Baumelou A, Jacobs C. A role for 
adenosine calcium and ischemia in radiocontrast-induced intrarenal 
vasoconstriction. Am J Nephrol 1990;10(4):316–22. 

[43] Brezis M, Heyman SN, Dinour D, Epstein FH, Rosen S. Role of nitric oxide in renal 
medullary oxygenation. Studies in isolated and intact rat kidneys. J Clin Invest 
1991;88(2):390–5. 

[44] Xu H, Aibiki M, Seki K, Ogura S, Ogli K. Effects of dexmedetomidine, an alpha2- 
adrenoceptor agonist, on renal sympathetic nerve activity, blood pressure, heart 
rate and central venous pressure in urethane-anesthetized rabbits. J Auton Nerv 
Syst 1998;71(1):48–54. 

[45] Ebert TJ, Hall JE, Barney JA, Uhrich TD, Colinco MD. The effects of increasing 
plasma concentrations of dexmedetomidine in humans. Anesthesiology. 2000;93 
(2):382–94. 

[46] Billings Ftt, Chen SW, Kim M, Park SW, Song JH, Wang S, et al. alpha2-adrenergic 
agonists protect against radiocontrast-induced nephropathy in mice. Am J Physiol 
Renal Physiol 2008;295(3):F741–8. 

[47] Pan H, Liu C, Ma X, Xu Y, Zhang M, Wang Y. Perioperative dexmedetomidine 
reduces delirium in elderly patients after non-cardiac surgery: a systematic review 
and meta-analysis of randomized-controlled trials. Can J Anaesth 2019;66(12): 
1489–500. 

[48] van Norden J, Spies CD, Borchers F, Mertens M, Kurth J, Heidgen J, et al. The effect 
of peri-operative dexmedetomidine on the incidence of postoperative delirium in 
cardiac and non-cardiac surgical patients: a randomised, double-blind placebo- 
controlled trial. Anaesthesia. 2021. https://doi.org/10.1111/anae.15469. 

[49] Eggebrecht H, Herold U, Kuhnt O, Schmermund A, Bartel T, Martini S, et al. 
Endovascular stent-graft treatment of aortic dissection: determinants of post- 
interventional outcome. Eur Heart J 2005;26(5):489–97. 

[50] Lim JY, Kim YS, Kim JB. Impact of 6% balanced hydroxyethyl starch following 
cardiopulmonary bypass on renal function: a retrospective study. J Cardiothorac 
Surg 2020;15(1):237. 

[51] Xu Y, Wang S, He L, Yu H, Yu H. Hydroxyethyl starch 130/0.4 for volume 
replacement therapy in surgical patients: a systematic review and meta-analysis of 
randomized controlled trials. Perioper Med (Lond) 2021;10(1):16. 

[52] Joosten A, Delaporte A, Ickx B, Touihri K, Stany I, Barvais L, et al. Crystalloid 
versus colloid for intraoperative goal-directed fluid therapy using a closed-loop 
system: a randomized, double-blinded, controlled trial in major abdominal surgery. 
Anesthesiology. 2018;128(1):55–66. 

[53] Joosten A, Delaporte A, Mortier J, Ickx B, Van Obbergh L, Vincent JL, et al. Long- 
term impact of crystalloid versus colloid solutions on renal function and disability- 
free survival after major abdominal surgery. Anesthesiology. 2019;130(2):227–36. 

[54] Kabon B, Sessler DI, Kurz A, Crystalloid-Colloid Study T. Effect of intraoperative 
goal-directed balanced crystalloid versus colloid administration on major 
postoperative morbidity: a randomized trial. Anesthesiology. 2019;130(5):728–44. 

[55] Calvo-Vecino JM, Ripolles-Melchor J, Mythen MG, Casans-Frances R, Balik A, 
Artacho JP, et al. Effect of goal-directed haemodynamic therapy on postoperative 
complications in low-moderate risk surgical patients: a multicentre randomised 
controlled trial (FEDORA trial). Br J Anaesth 2018;120(4):734–44. 

[56] Nagore D, Candela A, Burge M, Monedero P, Tamayo E, Alvarez J, et al. 
Hydroxyethyl starch and acute kidney injury in high-risk patients undergoing 
cardiac surgery: A prospective multicenter study. J Clin Anesth 2021;73:110367. 

X.-s. Shan et al.                                                                                                                                                                                                                                 

http://refhub.elsevier.com/S0952-8180(21)00340-8/rf0135
http://refhub.elsevier.com/S0952-8180(21)00340-8/rf0135
http://refhub.elsevier.com/S0952-8180(21)00340-8/rf0135
http://refhub.elsevier.com/S0952-8180(21)00340-8/rf0140
http://refhub.elsevier.com/S0952-8180(21)00340-8/rf0140
http://refhub.elsevier.com/S0952-8180(21)00340-8/rf0145
http://refhub.elsevier.com/S0952-8180(21)00340-8/rf0145
http://refhub.elsevier.com/S0952-8180(21)00340-8/rf0145
http://refhub.elsevier.com/S0952-8180(21)00340-8/rf0150
http://refhub.elsevier.com/S0952-8180(21)00340-8/rf0150
http://refhub.elsevier.com/S0952-8180(21)00340-8/rf0150
http://refhub.elsevier.com/S0952-8180(21)00340-8/rf0155
http://refhub.elsevier.com/S0952-8180(21)00340-8/rf0155
http://refhub.elsevier.com/S0952-8180(21)00340-8/rf0155
http://refhub.elsevier.com/S0952-8180(21)00340-8/rf0155
http://www.acr.org/Quality-Safety/Resources/Contrast-Manual
http://refhub.elsevier.com/S0952-8180(21)00340-8/rf0165
http://refhub.elsevier.com/S0952-8180(21)00340-8/rf0165
http://refhub.elsevier.com/S0952-8180(21)00340-8/rf0165
http://refhub.elsevier.com/S0952-8180(21)00340-8/rf0165
http://refhub.elsevier.com/S0952-8180(21)00340-8/rf0170
http://refhub.elsevier.com/S0952-8180(21)00340-8/rf0170
http://refhub.elsevier.com/S0952-8180(21)00340-8/rf0170
http://refhub.elsevier.com/S0952-8180(21)00340-8/rf0175
http://refhub.elsevier.com/S0952-8180(21)00340-8/rf0175
http://refhub.elsevier.com/S0952-8180(21)00340-8/rf0180
http://refhub.elsevier.com/S0952-8180(21)00340-8/rf0180
http://refhub.elsevier.com/S0952-8180(21)00340-8/rf0185
http://refhub.elsevier.com/S0952-8180(21)00340-8/rf0185
http://refhub.elsevier.com/S0952-8180(21)00340-8/rf0185
http://refhub.elsevier.com/S0952-8180(21)00340-8/rf0190
http://refhub.elsevier.com/S0952-8180(21)00340-8/rf0190
http://refhub.elsevier.com/S0952-8180(21)00340-8/rf0190
http://refhub.elsevier.com/S0952-8180(21)00340-8/rf0195
http://refhub.elsevier.com/S0952-8180(21)00340-8/rf0195
http://refhub.elsevier.com/S0952-8180(21)00340-8/rf0195
http://refhub.elsevier.com/S0952-8180(21)00340-8/rf0195
http://refhub.elsevier.com/S0952-8180(21)00340-8/rf0200
http://refhub.elsevier.com/S0952-8180(21)00340-8/rf0200
http://refhub.elsevier.com/S0952-8180(21)00340-8/rf0200
http://refhub.elsevier.com/S0952-8180(21)00340-8/rf0205
http://refhub.elsevier.com/S0952-8180(21)00340-8/rf0205
http://refhub.elsevier.com/S0952-8180(21)00340-8/rf0205
http://refhub.elsevier.com/S0952-8180(21)00340-8/rf0210
http://refhub.elsevier.com/S0952-8180(21)00340-8/rf0210
http://refhub.elsevier.com/S0952-8180(21)00340-8/rf0210
http://refhub.elsevier.com/S0952-8180(21)00340-8/rf0215
http://refhub.elsevier.com/S0952-8180(21)00340-8/rf0215
http://refhub.elsevier.com/S0952-8180(21)00340-8/rf0215
http://refhub.elsevier.com/S0952-8180(21)00340-8/rf0220
http://refhub.elsevier.com/S0952-8180(21)00340-8/rf0220
http://refhub.elsevier.com/S0952-8180(21)00340-8/rf0220
http://refhub.elsevier.com/S0952-8180(21)00340-8/rf0220
http://refhub.elsevier.com/S0952-8180(21)00340-8/rf0225
http://refhub.elsevier.com/S0952-8180(21)00340-8/rf0225
http://refhub.elsevier.com/S0952-8180(21)00340-8/rf0225
http://refhub.elsevier.com/S0952-8180(21)00340-8/rf0230
http://refhub.elsevier.com/S0952-8180(21)00340-8/rf0230
http://refhub.elsevier.com/S0952-8180(21)00340-8/rf0230
http://refhub.elsevier.com/S0952-8180(21)00340-8/rf0235
http://refhub.elsevier.com/S0952-8180(21)00340-8/rf0235
http://refhub.elsevier.com/S0952-8180(21)00340-8/rf0235
http://refhub.elsevier.com/S0952-8180(21)00340-8/rf0235
https://doi.org/10.1111/anae.15469
http://refhub.elsevier.com/S0952-8180(21)00340-8/rf0245
http://refhub.elsevier.com/S0952-8180(21)00340-8/rf0245
http://refhub.elsevier.com/S0952-8180(21)00340-8/rf0245
http://refhub.elsevier.com/S0952-8180(21)00340-8/rf0250
http://refhub.elsevier.com/S0952-8180(21)00340-8/rf0250
http://refhub.elsevier.com/S0952-8180(21)00340-8/rf0250
http://refhub.elsevier.com/S0952-8180(21)00340-8/rf0255
http://refhub.elsevier.com/S0952-8180(21)00340-8/rf0255
http://refhub.elsevier.com/S0952-8180(21)00340-8/rf0255
http://refhub.elsevier.com/S0952-8180(21)00340-8/rf0260
http://refhub.elsevier.com/S0952-8180(21)00340-8/rf0260
http://refhub.elsevier.com/S0952-8180(21)00340-8/rf0260
http://refhub.elsevier.com/S0952-8180(21)00340-8/rf0260
http://refhub.elsevier.com/S0952-8180(21)00340-8/rf0265
http://refhub.elsevier.com/S0952-8180(21)00340-8/rf0265
http://refhub.elsevier.com/S0952-8180(21)00340-8/rf0265
http://refhub.elsevier.com/S0952-8180(21)00340-8/rf0270
http://refhub.elsevier.com/S0952-8180(21)00340-8/rf0270
http://refhub.elsevier.com/S0952-8180(21)00340-8/rf0270
http://refhub.elsevier.com/S0952-8180(21)00340-8/rf0275
http://refhub.elsevier.com/S0952-8180(21)00340-8/rf0275
http://refhub.elsevier.com/S0952-8180(21)00340-8/rf0275
http://refhub.elsevier.com/S0952-8180(21)00340-8/rf0275
http://refhub.elsevier.com/S0952-8180(21)00340-8/rf0280
http://refhub.elsevier.com/S0952-8180(21)00340-8/rf0280
http://refhub.elsevier.com/S0952-8180(21)00340-8/rf0280

	Dexmedetomidine reduces acute kidney injury after endovascular aortic repair of Stanford type B aortic dissection: A random ...
	1 Introduction
	2 Methods
	2.1 Study design
	2.2 Inclusion and exclusion criteria
	2.3 Randomization and blinding
	2.4 Anesthesia
	2.5 Study interventions
	2.6 Hemodynamic management
	2.7 AKI prevention strategy
	2.8 Study outcomes
	2.9 Perioperative data
	2.10 Sample size calculation
	2.11 Statistical analysis

	3 Results
	3.1 Study flow
	3.2 Patient characteristics
	3.3 Perioperative data
	3.4 Primary outcome
	3.5 Secondary and other outcomes
	3.6 Long-term outcomes and post hoc analyses

	4 Discussion
	Declarations of interests
	Funding
	Acknowledgements
	References


