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Purpose: Dexmedetomidine, an alpha-2 adrenergic agonist, has shown potential benefits in various surgical settings, but its impact on
microcirculation and renal function in cardiac surgery patients remains unclear.

Patients and Methods: This randomized, controlled, double-blind clinical trial was conducted at a single university hospital.
Seventy patients undergoing non-emergency cardiac and aortic surgery requiring cardiopulmonary bypass were enrolled, and 68
patients were included in the final analysis. Patients were randomized to receive either dexmedetomidine (0.5 mcg/kg loading dose,
followed by 0.5 mcg/kg/h) or saline. The infusion of dexmedetomidine or saline began at anesthesia induction and continued until the
end of surgery. Key microcirculatory variables—total vessel density, proportion of perfused vessels, perfused vessel density, De
Backer’s score, microvascular flow index, and heterogeneity index—were measured at five time points: baseline, 1 hour after
cardiopulmonary bypass, 1 hour after arrival in the intensive care unit, 24 hours after surgery, and 48 hours after surgery. Data
were analyzed using a mixed-effects model with Tukey’s Honestly Significant Difference correction. Intraoperative urine output, the
incidence of postoperative acute kidney injury, and other postoperative complications were also compared.

Results: Patients in the dexmedetomidine group maintained higher postoperative proportion of perfused vessels and perfused vessel
density compared to the saline group, with a significant interaction effect for perfused vessel density. Baseline perfused vessel density
was comparable between the two study groups (17.5 [15.9-18.6] vs 18.0 [16.1-19.8] mm/mm?, p = 0.540). At 48 hours post-
operatively, patients in the dexmedetomidine group had significantly higher PVD values than those in the saline group (17.0
[15.0-19.0] vs 15.6 [13.7-16.9] mm/mm?; P = 0.041). The dexmedetomidine group also had significantly higher intraoperative
urine output (950 vs 605 mL, p = 0.002). Additionally, the incidence of postoperative acute kidney injury was significantly lower in the
dexmedetomidine group (11.8% vs 50%, p = 0.001).

Conclusion: Intraoperative dexmedetomidine infusion during cardiac surgery is associated with higher postoperative microcirculatory
state and a reduced incidence of acute kidney injury.

Plain Language Summary: This study examined whether a drug called dexmedetomidine can help improve small blood flow
(microcirculation) and protect kidney function during heart surgery. Heart surgeries that use a heart-lung machine can disturb blood
flow to tiny vessels and may lead to complications like acute kidney injury (AKI). Dexmedetomidine is a commonly used sedative
with anti-inflammatory and organ-protective effects.

In this single center study, 68 patients undergoing cardiac or aortic surgery were randomly assigned to receive either dexmedeto-
midine or a saline during surgery. The researchers measured blood flow in the small vessels under the tongue at several time points and
tracked urine output and kidney function after surgery. Patients who received dexmedetomidine showed better blood flow in their small
vessels and had more urine output during surgery. Most importantly, they had a significantly lower chance of developing AKI
compared to those who received saline (11.8% vs 50%).
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These results suggest that using dexmedetomidine during heart surgery may improve microcirculation and help protect the kidneys.
This could lead to better recovery and fewer complications after surgery. The findings provide valuable insight for doctors seeking
safer anesthesia options and ways to reduce organ damage in heart surgery patients.

Keywords: dexmedetomidine, microcirculation, acute kidney injury, cardiac surgery

Introduction
Cardiac surgery, particularly when cardiopulmonary bypass is involved, triggers systemic inflammation and induces
severe hemodynamic alterations, both of which can affect microcirculation and potentially lead to organ dysfunction such
as acute kidney injury (AKI).' Furthermore, changes in microcirculation during cardiac surgery are correlated with
prolonged stays in the postoperative intensive care unit and high mortality rates within 30 days.* Treatments for
microcirculatory disturbances during cardiac surgery include developing better hemodynamic protocols and investigating
potential pharmacological treatments.* Because real-time perioperative microcirculatory monitoring to guide hemody-
namic management remains challenging,’ identifying potential pharmacological interventions is clinically relevant.
Dexmedetomidine, a highly selective alpha-2 adrenergic agonist, is widely applied as a sedative agent in critically ill
patients and as an adjuvant to general anesthesia due to its effects on analgesia, anxiolysis, sympatholysis, and anti-
inflammation.’ Higher doses (eg, 0.5 pg/kg/h) have been explored for potential organ-protective effects,’® which exceed
those typically used for sedation purposes. These effects may not only promote postoperative recovery” " but also improve

subcutaneous and intestine microcirculation, as suggested by animal studies in conditions such as sepsis'®!!

and reperfu-
sion injury-induced acute kidney injury.'?> However, evidence supporting dexmedetomidine-induced microcirculatory
benefits for organ protection is derived primarily from animal studies.'®'? Although one clinical study demonstrated
that dexmedetomidine was associated with higher intraoperative sublingual microcirculation in patients undergoing on-
pump coronary artery bypass grafting,'® microcirculatory deterioration may persist into the postoperative period following
cardiac surgery.'* Consequently, it remains uncertain whether the potential microcirculatory benefits of dexmedetomidine
are sustained postoperatively and whether they are associated with the occurrence of AKI after cardiac surgery. Therefore,
we conducted this randomized controlled trial to investigate the influence of dexmedetomidine on perioperative sublingual

microcirculation and postoperative outcomes in patients undergoing cardiac surgery.

Materials and Methods

Participant Recruitment and Group Allocation

This randomized, controlled, double-blind clinical trial adhered to the principles of the revised Declaration of Helsinki.
The study design was approved by the Research Ethics Committee of National Taiwan University Hospital (Approval
No. 201512224MINB; date of approval: May 23, 2016) and was registered at ClinicalTrials.gov prior to patient
enrollment (Principal Investigator: Po-Yuan Shih; registration date: May 30, 2016; trial number: NCT02786212).
Inclusion criteria were as follows: patients scheduled for non-emergency heart or aortic surgery requiring cardiopul-
monary bypass. Exclusion criteria included: age under 20 or over 80 years, left ventricular ejection fraction <40%, angina
within 48 hours before surgery, prior cardiac surgery, acute heart failure, preoperative atrioventricular block of grade 2B
or higher, and known allergy to dexmedetomidine. Patient enrollment was conducted from August 2016 to April 2019.
Prior to trial initiation, stratified randomization was conducted by an independent statistical expert using a block size of
four. Written informed consent was obtained from each patient the day before surgery. Patients were randomly assigned
in a 1:1 ratio to one of two groups using a predefined, computer-generated block randomization list generated by our
institutional medical research department, with variable block sizes ranging from four to six patients: the saline group
(receiving an equivalent volume of saline infusion) or the dexmedetomidine group (receiving an intraoperative dexme-
detomidine infusion). To ensure blinding, the study drug was prepared and supplied by an independent pharmacy, thereby
concealing group allocation from both the investigators and the clinical care team. To assess the hemodynamic impact of
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the 10-minute loading infusion of the experimental agent, we identified and recorded patients who developed bradycardia
(heart rate <60 bpm) or hypotension (systolic blood pressure <100 mmHg).

Perioperative Care

All participants received general anesthesia induced with etomidate (0.2—0.5 mg/kg), fentanyl (0.5-1.5 pg/kg), and rocur-
onium (0.5-1 mg/kg). Following induction, patients in the dexmedetomidine group received a loading dose of dexmedeto-
midine (0.5 pg/kg) administered intravenously over 10 minutes, followed by a continuous infusion at a rate of 0.5 pg/kg/h until
the end of surgery.® Anesthesia was maintained with sevoflurane (0.5-3.0 vol%) and fentanyl (1-3 ug/kg/h), titrated to
maintain a bispectral index between 40 and 60. Ventilation parameters were standardized with a fraction of inspired oxygen set
at 50%, tidal volume at 8 mL/kg, and a respiratory rate of 10—14 breaths per minute. Intraoperative monitoring included a five-
lead electrocardiogram, pulse oximetry, radial arterial catheter, pulmonary artery catheter, central venous catheter, and
transesophageal echocardiography. During the off-pump phase, intravenous fluid management followed a restrictive protocol;
however, a 200-mL fluid challenge could be administered if transesophageal echocardiography indicated hypovolemia
accompanied by hemodynamic instability—such as a mean arterial pressure (MAP) <55 mmHg or a mixed venous oxygen
saturation below 70%—without the use of colloids. During cardiopulmonary bypass (CPB), MAP was maintained between 50
and 80 mmHg, hemoglobin levels above 7 g/dL, and systemic venous oxygen saturation above 70%.'> Arterial hypertension
was managed with nitroglycerin, while hypotension was treated with norepinephrine. Following weaning from cardiopul-
monary bypass, MAP was maintained above 60 mmHg using fluid boluses or an epinephrine infusion as needed. In cases of
persistent hypotension with preserved ventricular function confirmed by transesophageal echocardiography, intravenous
norepinephrine was administered. Conversely, intravenous nitroglycerin was used when MAP remained persistently above
100 mmHg. Intravenous furosemide was given after CPB weaning for echocardiography-confirmed fluid overload to reduce
preload and prevent pulmonary edema, or for diagnostic diuresis in oliguria (<0.5 mL/kg/hr) with adequate cardiac output.
After surgery, all patients were transferred to the same cardiac intensive care unit (ICU), where a standardized weaning
protocol was initiated to minimize the risk of prolonged mechanical ventilation. Vasoactive-inotropic scores (VIS) were
calculated at ICU admission, and at 24 and 48 hours postoperatively, to assess the impact of intraoperative dexmedetomidine
on the requirement for vasoactive and inotropic agents.'® AKI occurring within 48 hours after surgery, along with its severity,
was defined according to the Kidney Disease: Improving Global Outcomes (KDIGO) guidelines.'” In addition, we compared
between the two study groups the proportion of patients who developed stage 2 or 3 AKI or experienced a postoperative
estimated glomerular filtration rate (¢éGFR) decline of more than 25%, as calculated using the 2021 Chronic Kidney Disease
Epidemiology Collaboration criteria.'® This composite outcome was defined as “significant acute kidney impairment”.

Sublingual Microcirculation Measurement

Microcirculatory imaging was performed sublingually using an incident dark field (IDF) illumination hand-held vital
microscope (CytoCam™, Braedius Medical BV, Huizen, The Netherlands). This non-invasive technique employs
a disposable protective cap placed over the probe, which is gently positioned beneath the patient’s tongue for
imaging.'® The device emits polarized green light, which is absorbed by hemoglobin within red blood cells, rendering
perfused microvessels as dark structures and thereby enabling visualization of the microvascular architecture and blood
flow. Measurements were systematically obtained at five predefined sublingual sites, located 2—5 cm from the tip of the
tongue, with 6-second video recordings captured at each site. A minimum of five recordings were acquired from various
sublingual positions. All recordings underwent quality assessment according to the most recent consensus guidelines for
sublingual microcirculatory imaging.'” Videos that met quality criteria were analyzed offline in a semi-manual fashion
using specialized software (AVA 3.0, Microvision Medical, The Netherlands)®° by a trained operator blinded to patient
clinical information. The mean values derived from these analyses were used for statistical evaluation. The study focused
on microvessels with diameters less than 20 um. Key microcirculatory parameters assessed included total vessel density
(TVD), proportion of perfused vessels (PPV), perfused vessel density (PVD), De Backer’s score, microvascular flow
index (MFI), and heterogeneity index (HI).'"” These variables were measured at the following time points: baseline
(preoperative), 1 hour after cardiopulmonary bypass, 1 hour after surgery, and at 24 and 48 hours postoperatively. The
sublingual microcirculation was recorded three times at each time point for every patient. Image quality was
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independently scored by two research assistants using the method proposed by Massey et al,'>*' which evaluates six
metrics of sublingual microcirculation image quality: illumination, duration, focus, content, stability, and pressure. Each
metric was rated as good (score 1), acceptable (score 0), or unacceptable (score 10). In addition, inter-rater agreement (k)
was calculated for each image quality metric score.

Statistical Analysis

The primary outcome of this study was the perioperative difference in PVD, as PVD is considered a reliable estimate of
functional capillary density.*> Previous studies have reported that reductions in PVD during cardiopulmonary bypass are
primarily due to a decrease in the number of perfused microvessels.?®> The sample size calculation was based on detecting
a clinically relevant difference in PVD, assuming a mean score of 3 and a standard deviation of 4.2>** A sample size of
58 patients (29 in each group) would provide a statistical power of 0.8 with a two-sided type I error of 0.05. To account
for potential dropouts or protocol deviations, a total of 70 patients were enrolled.

Normality of data distribution was assessed using the Shapiro—Wilk test. Continuous variables with a normal
distribution are presented as mean + standard deviation, while non-normally distributed variables are expressed as
median (range). Between-group comparisons for continuous variables were performed using Student’s #-test for normally
distributed data and the Mann—Whitney U-test for non-normal data. Categorical variables are presented as frequencies
(percentages) and were compared using the chi-square test or Fisher’s exact test, as appropriate. A P value <0.05 was
considered statistically significant. To evaluate changes in microcirculatory variables over time between the two groups,
mixed effect model was conducted, including time and group as factors. When applicable, Tukey’s Honest Significant
Difference (HSD) test correction was used for post hoc comparisons. A P value <0.10 was considered indicative of
a group-by-time interaction trend approaching statistical significance.”>*

In addition to the primary analysis using a mixed-effects model for repeated measures, we conducted two comple-
mentary sensitivity analyses for the perioperative PVD data. First, we performed an analysis of covariance (ANCOVA) at
interested postoperative time points (24 h and 48 h) with treatment group as the fixed factor and baseline PVD as the
covariate, to adjust for any baseline imbalance and improve precision. Second, we calculated the area under the curve for
PVD from baseline to 48 h using the trapezoidal rule, and expressed this as a 0—48 h time-weighted average (TWA) PVD.
Between-group differences in TWA were assessed using both Welch’s #-test and ANCOVA adjusting for baseline PVD. In
addition, given the relatively small sample size and the potential imbalance in perioperative variables, multiple logistic
regression was used to assess the effect of dexmedetomidine on the occurrence of postoperative AKI. All statistical
analyses and graphics were performed using R version 4.5.1 (R Foundation for Statistical Computing, Vienna, Austria).

Results

A total of 103 patients scheduled for cardiac surgery were screened for eligibility. Of these, 28 were excluded, 3
withdrew consent, and 2 were excluded due to a lack of research personnel (Figure 1). Ultimately, 70 patients were
enrolled in the study, with 2 subsequently unable to complete microcirculatory assessments due to limited research
staffing during the SARS-CoV-2 pandemic. Table 1 summarizes the clinical and demographic characteristics of the study
participants. Baseline variables, including age, sex, comorbidities, and EuroSCORE II, were comparable between the two
groups. However, there were procedural differences: a greater proportion of patients in the saline group underwent single
valve replacement surgery (67.6% vs 50.0%), while more patients in the dexmedetomidine group underwent aortic
surgery (17.6% vs 0%). This difference approached but did not reach statistical significance (p = 0.074; Table 1).

Perioperative PVD and PPV

A total of 1020 sublingual microcirculation images were recorded for assessment, with none rated as unacceptable in quality
(Table 2). The inter-rater agreement for microcirculation image quality at different time points is presented in Table 2,
demonstrating satisfactory reliability, with k values ranging from 0.77 to 0.85. There were no significant differences in image
quality ratings between the two raters. The trajectory of perioperative changes in TVD, PPV, PVD, De Backer’s score, MFI,
and HI is illustrated in Figure 2. The mean difference, effect size, and 95% confidence interval for each microcirculatory
variable between the two study groups at different time points was also summarized in Supplementary Table 1. Baseline
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Figure | Consort diagram.

values of all microcirculatory parameters were comparable between the two groups (Figure 2). Throughout the perioperative
period, PPV and PVD tended to remain higher in the dexmedetomidine group compared to the saline group, with group-by-
time interaction effects approaching statistical significance (PVD: P = 0.042, Figure 2A; PPV: P = 0.065, Figure 2B). At
48 hours postoperatively, patients in the dexmedetomidine group had significantly higher PVD values than those in the saline
group (17.0 [15.0-19.0] vs 15.6 [13.7-16.9] mm/mm?; P = 0.041).

Sensitivity Analyses of the Primary Outcome — PVD

Baseline-adjusted ANCOVA demonstrated that DEX patients had higher PVD at both 24 h (adjusted mean difference
[DEX-Saline], 1.129 mm/mm?; 95% CI, 0.026 to 2.232 mm/mm?; P = 0.045) and 48 h (1.340 mm/mm?; 95% CI, 0.001
to 2.680 mm/mm?; P = 0.050) compared with saline. Over the 0—48 h period, DEX patients had a higher time-weighted
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Table | Patient Characteristics

DEX Group (n= 34) | Saline Group (n= 34) | P Value

Age (yr) 64 (55-69) 65 (54-69) 0.615
Sex, male (n;%) 20 (58.8%) 19 (55.9%) 1.000
Body mass index (kg/m?) 247 £ 4.1 244 + 40 0.808
ASA classification 0.765

11l 28 (82.4%) 26 (76.5%)

v 6 (17.6%) 8 (23.5%)
Comorbidity (n; %)

Diabetes 6 (17.7%) 7 (20.6%) 0.769

Hypertension 20 (58.8%) 17 (50.0%) 0.627

Atrial fibrillation 4 (11.8%) 4 (11.8%) 1.000

Smoker 5 (14.7%) 4 (11.8%) 1.000
Preoperative left ventricular ejection fraction (%) 65.1 £ 7.1 64.1 £ 10.2 0.670
Surgery type 0.074

One valve 17 (50.0%) 23 (67.6%)

Two valves 8 (23.5%) 9 (26.5%)

Aortic surgery 6 (17.7%) 0 (0%)

Other 3 (8.8%) 2 (5.9%)
EuroSCORE Il 26+24 2215 0.403

Note: Data are presented as mean * standard deviation or median (interquartile range).
Abbreviation: ASA, American Society of Anesthesiologists.

Table 2 Quality of 1020 Sublingual Microcirculation Images and Inter-Rater Agreement Between Two Independent Raters

lllumination

Duration

Focus

Content

Stability

Pressure

Rater | (n;%)

Good 829 (81.3%) 750 (73.5%) 756 (74.1%) 470 (46.1%) 922 (90.4%) 933 (91.5%)

Acceptable 191 (18.7%) 270 (26.5%) 264 (25.9%) 550 (53.9%) 98 (9.6%) 87 (8.5%)
Rater 2 (n;%)

Good 834 (81.8%) 716 (70.2%) 763 (74.8%) 468 (45.9%) 923 (90.5%) 947 (92.8%)

Acceptable 186 (18.2%) 304 (29.8%) 257 (25.2%) 552 (54.1%) 97 (9.5%) 73 (7.2%)
P value 0.776 0.104 0.761 0.965 1.000 0.284

K (95% CI)

0.84 (0.80-0.89)

0.78 (0.72-0.83)

0.84 (0.80-0.88)

0.85 (0.82-0.88)

0.85 (0.79-0.90)

0.78 (0.71-0.86)

Note: There were no significant differences in image quality ratings between the two raters.
Abbreviations: Cl, confidence interval

average PVD (mean = SD, 17.16 + 2.23 mm/mm?) than Saline patients (15.84 + 2.53 mm/mm?; Welch’s f-test P = 0.027).
This difference remained significant after baseline adjustment (adjusted mean difference, 1.154 mm/mm?; 95% CI, 0.145
to 2.163 mm/mm? P = 0.025). These results are consistent with the direction and magnitude of the treatment effect
observed in the primary mixed-effects model, supporting the robustness of the findings.

The Other Perioperative Microcirculatory Parameters

Other postoperative microcirculatory variables, including TVD, MFI, and De Backer’s score, were consistently higher in
the dexmedetomidine group, though the differences did not reach statistical significance (Figure 2C-E). Similarly, HI
tended to be lower in the dexmedetomidine group (Figure 2F). Notably, MFI values at 24 and 48 hours postoperatively
were higher in the dexmedetomidine group (24 h: 2.10 £ 0.25 vs 1.96 + 0.33, P =0.072; 48 h: 2.17 £ 0.30 vs 2.00 £ 0.42,
P = 0.059), although these differences also did not achieve statistical significance.
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Figure 2 Perioperative changes in microcirculation. (A) Perioperative changes in the perfused vessel density. (B) Perioperative changes in the proportion of perfused vessel.
(C) Perioperative changes in total vessel density. (D) Perioperative changes in microvascular flow index. (E). Perioperative changes in De Backer’s score. (F) Perioperative
changes in heterogeneity index. The light red stripes represent the saline control group, and the light green stripes represent the dexmedetomidine group.

Intraoperative and Postoperative Clinical Profiles

Perioperative profiles are summarized in Table 3. During the 10-minute loading infusion of the experimental agent,
a non-significantly higher proportion of patients in the dexmedetomidine group experienced bradycardia (73.5% vs
52.9%; p = 0.131) and hypotension (61.8% vs 50.0%; p = 0.464). The high incidence of hemodynamic instability in both
groups may be attributable to the overlap of this 10-minute interval with anesthesia induction. Two patients in the saline
group received an intravenous furosemide bolus (one received 5 mg and one received 10 mg), whereas no patients in the
dexmedetomidine group received diuretics (5.9% vs 0%; p = 0.493). There were no statistically significant differences in
surgical profiles between the two groups, including amount of iv. fluid administration during off-pump phase, average
intraoperative BIS values, operation time, cardiopulmonary bypass duration, and aortic cross-clamp time (Table 3).
Similarly, no significant differences were observed in the proportion of patients requiring perioperative blood transfusion,
and the vasoactive-inotropic scores at the end of surgery, as well as at 24 and 48 hours postoperatively, were comparable
between the dexmedetomidine and saline groups (Table 3). However, patients in the dexmedetomidine group had
significantly higher urine output during cardiopulmonary bypass [600 (400-850) vs 350 (183-515) mL; p < 0.001]
and at the completion of surgery [950 (563—1245) vs 605 (401-875) mL; p = 0.002] (Table 3).
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Table 3 Perioperative Profiles

DEX Group (n= 34) | Saline Group (n= 34) | P Value

Drug loading hemodynamic (n; %)

Bradycardia 25 (73.5%) 18 (52.9%) 0.131

Hypotension 21 (61.8%) 17 (50.0%) 0.464
Average BIS value 42+6 46 + 9 0.276
Intraoperative iv. fluid additional to CPB (mL) 793 + 365 708+ 355 0.329
Furosemide dose (n; %) 0 (0%) 2 (5.9%) 0.493
CPB duration (min) 151 (123-175) 130 (114-166) 0.201
Cross-clamp time (min) 95 (80-123) 88 (73-107) 0.404
Operation time (min) 246 (210-261) 226 (192-272) 0.100
Urine output (mL)

During CPB 600 (400-850) 350 (183-515) <0.001

Intraoperative, total 950 (563—-1245) 605 (401-875) 0.002

24-h after surgery 1568 (1070-1850) 1405 (1053-2223) 0.933

48-h after surgery 1433 (1295-1540) 1210 (1040-1404) 0.077
Transfusion

Intraoperative 3 (8.8%) 6 (17.6%) 0.476

24-h after surgery 29 (85.3%) 23 (67.6%) 0.152

48-h after surgery 0 (0%) 2 (5.9%) 0.493
Vasoactive-inotropic score

At the end of surgery 4.1 £28 3.8 £ 3.1 0.669

24-h after surgery 42 +28 3.3+£33 0.226

48-h after surgery 0206 0310 0.541
Postoperative mechanical ventilation duration (hr) 6.0 38 72115 0.584
ICU stay (d) 26+ 1.2 30+22 0.444
Hospital Stay (d) 9 (8-10) 9 (8-9.75) 0.279
Complication (n; %)
Acute kidney injury 0.005

No acute kidney injury 30 (88.3%) 17 (50.0%)

Stage | 2 (5.9%) 13 (38.3%)

Stage 2 I (2.9%) 1 (2.9%)

Stage 3 I (2.9%) 3 (8.8%)
Significant kidney impairment 5 (14.7%) 14 (41.2%) 0.029
New arrhythmia 14 (41.2%) 9 (26.5%) 0.305
Transient ischemic accident 2 (5.9%) 4 (11.8%) 0.673
Seizure | (2.9%) 2 (5.9%) 1.000
Pneumonia I (2.9%) 0 (0%) 0.493
Wound infection 0 (0%) 1 (2.9%) 1.000
Vocal cord palsy I (2.9%) 5 (14.7%) 0.197

Note: Data are presented as mean * standard deviation or median (interquartile range).
Abbreviations: BIS, bispectral index; CPB, cardiopulmonary bypass; ICU, intensive care unit.

With regard to postoperative outcomes, there were no significant differences in the duration of mechanical ventilation, length
of ICU stay, or total hospital stay between the two groups. Postoperative complication rates—including new-onset arrhythmia,
transient ischemic attack, seizure, wound infection, and pneumonia—were also similar between groups. However, a significantly
higher incidence of postoperative acute kidney injury (AKI) was observed in the control group compared to the dexmedetomi-
dine group (50.0% vs 11.8%; p = 0.001). The majority of AKI cases were classified as KDIGO stage 1 (71.4%) (Table 3).
Multiple regression showed that CPB duration (OR = 1.03; 95% CI: 1.01-1.04; p < 0.001) and the saline control group (OR =
25.2;95% CI: 4.28-148.73; p < 0.001) were risk factor. In addition, a higher proportion of patients in the saline group developed
significant acute kidney impairment compared with those in the dexmedetomidine group (41.2% vs 14.7%; p = 0.029; Table 3).
The perioperative trajectories of serum creatinine alongside changes in eGFR in Supplementary Figures 1 and 2, which showed
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a trend toward higher eGFR in the dexmedetomidine group compared with the saline group, approaching statistical significance
(group-by-time interaction p = 0.09).

Discussion
This study yielded several important findings. First, intraoperative dexmedetomidine infusion during cardiac surgery was
associated with higher postoperative PPV and PVD values at 24 and 48 hours after surgery. Second, patients who
received dexmedetomidine demonstrated significantly higher intraoperative urine output and a lower incidence of acute
kidney injury within 48 hours postoperatively.

Postoperative deterioration of sublingual microcirculation has been widely documented in both cardiac and non-
cardiac surgeries.'* Decreased postoperative sublingual microcirculatory parameters—particularly PVD and PPV—have

2729 and increased risk of postoperative organ injury.”**° In the

been associated with elevated serum lactate levels
context of cardiac surgery, cardiopulmonary bypass is recognized as a major contributor to impaired sublingual
microcirculatory perfusion, as evidenced by reduced PVD and PPV.>* Mohamed et al previously reported that intrao-
perative dexmedetomidine infusion improved sublingual microcirculation in patients undergoing on-pump coronary
artery bypass grafting.'’> However, microcirculatory dysfunction may persist for up to three days after cardiac
surgery,”! and is believed to play a central role in the pathogenesis of postoperative organ dysfunction.*> A previous
study reported that dexmedetomidine used for post—cardiac surgery sedation is associated with more favorable micro-
circulation compared with propofol sedation.*® Since dexmedetomidine is also frequently administered during cardiac
surgery’ an important question is whether intraoperative use confers microcirculatory protection that persists into the
postoperative period. This issue remains to be fully clarified. In the present study, we observed potential microcirculatory
protective effects of dexmedetomidine, as reflected by significantly higher postoperative PVD and PPV at 48 hours after
surgery in the dexmedetomidine group. This time frame is consistent with prior reports of prolonged postoperative
microcirculatory impairment and underscores the clinical relevance of our findings. Several mechanisms may explain
these observations. First, Dekker et al demonstrated that CPB-induced endothelial hyperpermeability in renal and
pulmonary tissues—marked by elevated angiopoietin-2 and soluble Tie2 levels—was associated with impaired sub-
lingual microcirculatory perfusion.** Notably, dexmedetomidine has been shown to reduce angiopoietin-2 levels in both

septic and ischemic animal models,3 3,36

suggesting that the higher postoperative PVD and PPV observed in our study
may be partly mediated by suppression of the angiopoietin-2 pathway during CPB. Second, cardiopulmonary bypass-
associated factors such as hypothermia, hemodilution, and mechanical stress are known to impair red blood cell
deformability, thereby compromising microcirculatory flow.*” Dexmedetomidine has been reported to improve RBC
deformability during surgery,”® which may also contribute to the observed microvascular benefits. Third, dexmedetomi-
dine may be associated with higher postoperative PVD through its sympatholytic effects, which significantly reduce
plasma norepinephrine and dopamine levels.*

Recent technological advancements have facilitated perioperative microcirculatory monitoring through the develop-
ment of hand-held video microscopes. In this study, we employed the Cytocam incident dark field (IDF) illumination
imaging system to assess sublingual microcirculatory changes. Compared to older technologies such as sidestream dark
field (SDF) imaging, Cytocam-IDF offers improved image contrast, sharpness, and resolution, enhancing visualization of
both venules and capillaries.'®***' Moreover, its semi-automated analysis platform reduces operator-dependent varia-
bility and subjectivity, allowing for more consistent and reproducible results.*’

In addition to the more favorable microcirculatory profiles, we also observed a lower incidence of postoperative acute
kidney injury in the dexmedetomidine group, a finding that aligns with the results of a recent meta-analysis.*? In contrast,
Wang et al recently reported that dexmedetomidine infusion did not reduce the incidence of AKI in patients undergoing

1'43

valvular surgery, based on a secondary analysis of a randomized controlled trial.™ This discrepancy may be attributed to

differences in surgical complexity: in their study, a greater proportion of patients in the dexmedetomidine group
underwent multiple valve surgeries, while those in the control group more often underwent single-valve procedures.*’
Furthermore, AKI is more commonly observed following aortic surgery compared to other types of cardiac surgery.**
Interestingly, dexmedetomidine has been reported to reduce the incidence of acute kidney injury in patients undergoing

aortic surgery.*® In the present study, despite a higher proportion of aortic surgeries in the dexmedetomidine group, the

Drug Design, Development and Therapy 2025:19 hetps: 8459



Shih et al

incidence of postoperative acute kidney injury was significantly lower compared to the control group. This finding further
supports the potential renoprotective effects of dexmedetomidine in the context of complex cardiac surgery.

The potential mechanisms by which dexmedetomidine may prevent acute kidney injury after cardiac surgery are
multifactorial. One major pathway involves its sympatholytic effects, which can enhance renal blood flow and promote
diuresis.*>™” Notably, low urine output during cardiopulmonary bypass has been identified as a risk factor for the
development of acute kidney injury.***’ In the present study, patients who received intraoperative dexmedetomidine
exhibited significantly higher urine output during cardiopulmonary bypass and a lower incidence of postoperative acute
kidney injury, supporting this mechanistic hypothesis. Additionally, dexmedetomidine has been shown to attenuate the
perioperative stress and inflammatory responses in various clinical and experimental settings,” which may contribute to
improved renal microcirculation. Evidence from preclinical studies has demonstrated that dexmedetomidine enhances
renal microvascular perfusion in rat models,'? and improves sublingual microcirculation and early postoperative renal
function in kidney transplant recipients.’® These findings suggest that dexmedetomidine may exert both systemic and
renal-specific protective effects during and after cardiac surgery.

Several limitations should be acknowledged in the present study. First, patient enrollment was significantly affected
by the COVID-19 pandemic, which contributed to a smaller sample size and may have limited the statistical power to
detect differences in certain microcirculatory parameters, such as TVD, MFI, and HI. Second, there was an imbalance in
surgical complexity between the two groups: more patients in the saline group underwent less complex single-valve
replacement procedures and had shorter operative times. Despite this, patients in the dexmedetomidine group demon-
strated more favorable outcomes, underscoring the potential benefits of dexmedetomidine in cardiac surgery. In addition,
we have applied the multiple logistic regression instead of matching. This is because that matching would exclude
a substantial number of patients but the regression approach allowed adjustment for all clinically relevant covariates and
is a validated alternative when baseline characteristics are adequately balanced and sample size needs to be preserved.”'
The regression further indicates the dexmedetomidine as a protective factor to AKI further supporting the robustness of
our results. Third, most cases of acute kidney injury in our cohort were classified as KDIGO stage 1, raising uncertainty
about the generalizability of dexmedetomidine’s protective effects against more severe forms of acute kidney injury.
However, even KDIGO stage 1 AKI is associated with adverse postoperative outcomes, including increased risk of
infection, prolonged ICU stay, extended hospital stay>* a and the development or progression of chronic kidney disease.>
Given that a higher proportion of patients in the dexmedetomidine group underwent more complex aortic surgery, our
findings may underestimate the renal protective effects of dexmedetomidine in patients undergoing cardiac surgery.

In conclusion, this randomized, controlled, double-blind study demonstrated that intraoperative dexmedetomidine
infusion was associated with attenuated postoperative sublingual microcirculatory perfusion deficits—reflected by higher
postoperative PPV and PVD—greater intraoperative urine output, and a reduced incidence of postoperative acute kidney
injury in patients undergoing cardiac surgery, including valve replacement and aortic procedures.
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