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Purpose: To evaluate the association between perioperative dexmedetomidine exposure and one-year mortality risk following video- 
assisted thoracoscopic surgery (VATS).
Patients and Methods: We conducted a multi-institutional retrospective cohort study using the TriNetX Research Network. Adult 
patients aged ≥18 years who underwent elective VATS between January 2010 and December 2024 were included in the study. Patients 
were categorized into dexmedetomidine or midazolam (control) groups based on perioperative medication exposure. Midazolam was 
selected as the active comparator as it represents a standard perioperative sedative with different pharmacological properties than 
dexmedetomidine. After applying the exclusion criteria, 1:1 propensity score matching was performed using demographic variables, 
comorbidities, and laboratory parameters. The primary outcome was all-cause mortality within one year; and the secondary outcome 
was overall major complications (composite of sepsis, acute respiratory failure, acute myocardial infarction, cerebral infarction, and 
acute kidney failure).
Results: After propensity matching, 6387 patients were included in each group with balanced baseline characteristics. Patients 
receiving dexmedetomidine had significantly lower one-year mortality compared to midazolam (4.1% vs 5.4%; hazard ratio [HR]: 
0.80, 95% confidence interval [CI]: 0.68–0.94; p=0.007). This mortality difference was observed during the later follow-up period 
(31–365 days: HR:0.80; p=0.008) rather than the early postoperative period (1–30 days: HR:0.89; p=0.695). No difference was 
observed in overall major complications between groups (12.7% each; HR 1.05; p=0.289). Sensitivity and subgroup analyses 
confirmed these findings.
Conclusion: Perioperative dexmedetomidine administration is associated with reduced one-year mortality following VATS compared 
to midazolam. The mortality benefit appears during the later follow-up period without differences in major complication rates. Future 
prospective randomized trials are needed to confirm these findings and determine optimal dosing strategies.
Keywords: dexmedetomidine, video-assisted thoracoscopic surgery, mortality, perioperative care, thoracic surgery, propensity score 
matching

Introduction
Video-assisted thoracoscopic surgery (VATS) has revolutionized thoracic surgical practice by offering patients a minimally 
invasive alternative to traditional open thoracotomy procedures, fundamentally changing how surgeons approach complex 
intrathoracic pathologies.1–3 This technological advancement allows for smaller incisions, reduced tissue trauma, and faster 
recovery times than conventional open approaches.4,5 Despite significant advances in surgical techniques, enhanced 
recovery protocols, and perioperative care optimization, VATS still carries substantial mortality risks, with 90-day mortality 
rates ranging from 2.5% to 12.05%.6–8 The choice of perioperative anesthetic agent plays a crucial role in patient outcomes, 
as these medications can influence hemodynamic stability, inflammatory responses, stress hormone release, and overall 
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physiological resilience during the critical perioperative period.9–12 Understanding how different anesthetic agents affect 
both short-term recovery and long-term survival has become increasingly important as clinicians strive to optimize patient 
care and reduce mortality risk following thoracic surgery through evidence-based medication selection.

Dexmedetomidine, a highly selective alpha-2 adrenergic receptor agonist, has emerged as an intriguing perioperative 
medication with properties that extend beyond traditional sedation and anesthesia.13,14 Unlike conventional sedatives 
such as midazolam, dexmedetomidine offers unique pharmacological benefits, including sympatholytic effects, anti- 
inflammatory properties, and potential organ-protective mechanisms.14–16 These characteristics may theoretically trans
late into improved patient outcomes by reducing perioperative stress responses, minimizing inflammatory cascades, and 
preserving end-organ function during surgical procedures. Clinical evidence also supports these potential benefits. 
A Bayesian meta-analysis of 44 RCTs found improved postoperative quality of recovery and reduced chronic pain, 
albeit with increased bradycardia and hypotension.17 In a meta-analysis of 31 studies, perioperative dexmedetomidine 
reduced 30-day mortality, the incidence of delirium, atrial fibrillation, and cardiac arrest in cardiac surgery patients, 
although the benefits were less pronounced in noncardiac surgery.18 A large cohort study also linked its use to improved 
5-year survival after cardiac surgery.19

Current evidence suggests that perioperative dexmedetomidine may reduce pain, anesthetic consumption, and 
improve pulmonary outcomes, such as lowering the incidence of atelectasis and hypoxemia in patients undergoing 
thoracoscopic and thoracic surgery.20,21 Despite these potential benefits, no large-scale study has specifically evaluated its 
effect on mortality after VATS. Patients undergoing VATS are particularly susceptible to perioperative pulmonary 
complications, hemodynamic fluctuations, and heightened sympathetic stress responses due to one-lung ventilation and 
surgical manipulation of thoracic structures. These physiological challenges make this population especially relevant for 
evaluating the potential organ-protective and sympatholytic properties of dexmedetomidine. We hypothesized that 
perioperative dexmedetomidine use is associated with improved long-term survival compared to midazolam use in 
patients undergoing VATS. Therefore, this multi-institutional study aimed to address these knowledge gaps by employing 
a propensity-matched design to compare one-year mortality outcomes between patients receiving perioperative dexme
detomidine versus midazolam during VATS procedures.

Methods
Study Design and Data Source
We conducted a multi-institutional, longitudinal, retrospective cohort study utilizing the TriNetX Research Network, 
a global federated health research platform that provides access to de-identified electronic health records from participat
ing healthcare organizations. This real-world dataset enables access to a wide range of structured clinical information, 
including patient demographics, diagnoses, procedures, laboratory results, and medication prescriptions, across diverse 
healthcare settings. The TriNetX platform ensures patient privacy by removing all patient identifiers while maintaining 
data integrity for research purposes. This platform has been extensively validated and widely used for clinical research 
across multiple medical disciplines.22–25

As the data were fully de-identified and involved a retrospective analysis of existing medical records, informed 
consent was not required. This study was conducted in accordance with the ethical principles outlined in the Declaration 
of Helsinki and was approved by the Institutional Review Board of Chi Mei Medical Center (IRB number: 11406-E02), 
which granted a waiver for informed consent in compliance with the observational research regulations.

Study Population and Inclusion Criteria
This study included adult patients aged 18 years and older who underwent elective VATS between January 1, 2010, 
and December 31, 2024. The index date was defined as the date of the thoracoscopic procedure. Patients were 
categorized into two groups based on perioperative medication exposure: the dexmedetomidine (DEX) group com
prised patients who received dexmedetomidine on the same index date, while the control group consisted of patients 
who received midazolam on the same index date. Midazolam was selected as the comparator because it represents 
a commonly used benzodiazepine sedative in perioperative anesthesia practice. Unlike dexmedetomidine, which 
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provides both sedative and sympatholytic effects, midazolam lacks α2-adrenergic activity and serves as an appropriate 
active control to isolate the potential survival benefit associated with unique pharmacological profile of 
dexmedetomidine.

Exclusion Criteria
To strengthen internal validity and minimize confounding bias, we applied a series of prespecified exclusion criteria. First, 
patients with any documented diagnosis of COVID-19, corrected QT interval prolongation (>500ms), sepsis, acute kidney 
injury, acute respiratory failure, critical care service utilization, or end-stage renal disease within one month prior to the index 
date were excluded to ensure that study participants had relatively stable baseline conditions. Second, individuals with 
a documented history of heart transplantation, cardiac surgery, pacemaker implantation, or ventricular arrhythmias at any 
time prior to the index date were excluded to eliminate patients with significant preexisting cardiovascular interventions that 
could confound mortality outcomes. Third, to exclude patients undergoing emergency procedures, we excluded those who 
had visited the emergency department within three days prior to surgery. To reduce misclassification bias and ensure that 
dexmedetomidine exposure was truly perioperative rather than related to postoperative intensive care unit management, we 
excluded patients who received dexmedetomidine between postoperative days 2–14.

Data Collection and Variable Definitions
Patient characteristics and clinical information were extracted from electronic medical records spanning two years prior 
to the index date. Demographic variables included age at surgery, sex, race/ethnicity, and body mass index. Comorbidity 
data encompassed cardiovascular diseases (eg, ischemic heart disease, hypertension, heart failure, and myocardial 
infarction), cerebrovascular disease, diabetes mellitus, chronic obstructive respiratory diseases, chronic kidney disease, 
liver disease, and malignancy. The laboratory parameters collected included hemoglobin levels, glycated hemoglobin 
(HbA1c), serum albumin concentrations, and C-reactive protein.

Propensity Score Matching
To minimize selection bias and balance baseline characteristics between the treatment groups, we employed propensity score 
matching using a 1:1 ratio with a greedy nearest-neighbor approach without replacement. The propensity model incorporated 
demographic variables (age, sex, race, and body mass index), comorbidity profiles (Supplementary Table 1), and laboratory 
parameters as matching variables. Considering that baseline inflammation status may be associated with mortality risk, we 
specifically included C-reactive protein (CRP) levels as a matching variable. The effectiveness of propensity score matching 
was assessed using standardized mean differences (SMDs), with values <0.1 considered indicative of adequate balance 
between cohorts. Propensity score distributions were visually examined to verify appropriate overlap between the groups.

Outcome Definitions
The primary outcome was all-cause mortality within one year following the index surgical procedure. The secondary 
outcomes included the overall risk of major complications. Overall major complications were defined as a composite 
endpoint, including sepsis (ICD-10 code A41), acute respiratory failure (J96.0), acute and chronic respiratory failure 
(J96.2), acute myocardial infarction (I21), cerebral infarction (I63), and acute kidney failure (N17).

To provide temporal granularity, outcome events were stratified into early and late onset, defined as those occurring 
within 1–30 days and 31–365 days post-surgery, respectively. This stratification allows for differentiation between 
immediate perioperative complications and longer-term adverse events potentially related to surgical intervention or 
anesthetic management.

Sensitivity Analyses
To evaluate the robustness of our findings and address potential confounding factors, we conducted two prespecified 
sensitivity analyses. The first sensitivity analysis excluded patients who received perioperative blood transfusion, defined 
as transfusion occurring within one week following surgery, to eliminate the potential impact of transfusion-related 
complications on patient outcomes. The second sensitivity analysis excluded patients with preoperative anemia to address 
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this important prognostic factor. These sensitivity analyses were designed specifically to account for the well-established 
association between anemia and blood transfusion as potential predictors of postoperative morbidity and mortality, 
ensuring that our primary findings were not confounded by hematologic factors that could independently influence 
patient outcomes following thoracic surgery.

Statistical Analysis
Descriptive analyses were employed to characterize the baseline demographic and clinical features of the study 
population. Continuous variables are presented as means with standard deviations (SDs), while categorical variables 
are summarized using frequencies and percentages. The effectiveness of propensity score matching was evaluated by 
calculating the SMDs between matched cohorts. For time-to-event outcomes, Kaplan-Meier survival curves were 
constructed and compared using the Log rank test to assess differences in event-free survival between the treatment 
groups. Cox proportional hazards regression models were applied to estimate hazard ratios (HRs) and assess the risk of 
outcomes over time after matching for selected covariates, including demographics, comorbidities, and laboratory 
variables. Additionally, multivariate Cox proportional hazards regression was used to identify independent risk factors 
for 1-year mortality, adjusting for relevant demographics (eg, age) and comorbidities (eg, anemia, malnutrition).

Subgroup analyses were performed to explore potential effect modification by clinically relevant patient character
istics, specifically age (18–65 years versus ≥66 years), sex (male versus female), and the presence of malignant lung 
cancer (yes vs no) for one-year mortality. All statistical procedures were executed using the built-in analytical functions 
of the TriNetX research platform, ensuring the reproducibility and standardization of the analytical approaches. To 
evaluate the robustness of the observed associations to potential unmeasured confounding, an E-value analysis was 
performed for the one-year mortality outcome. The E-value represents the minimum strength of association that an 
unmeasured confounder would need to have with both the exposure and the outcome, above and beyond measured 
covariates, to fully explain the observed effect estimate.26

Results
Patient Selection and Baseline Characteristics
The patient selection process using the TriNetX database is illustrated in Figure 1. After excluding patients with 
significant comorbidities that could confound mortality outcomes (eg, recent COVID-19 infections, critical care utiliza
tion, or major cardiovascular interventions prior to surgery), we successfully identified 34,248 patients who underwent 
VATS with either dexmedetomidine (DEX group, n=6390) or midazolam exposure (control group, n=27858). Before 
matching, there were notable imbalances between the DEX and control groups, as evidenced by the distinct propensity 
score distributions (Figure 2). However, after implementing 1:1 propensity score matching, we achieved an excellent 
covariate balance with 6387 patients in each group, and the propensity score distributions showed substantial overlap, 
indicating successful matching (Figure 2). The baseline characteristics after matching revealed a well-balanced cohort 
(Table 1). Both groups had similar mean ages (approximately 58 years), with a slightly higher number of female patients. 
Importantly, the prevalence of major comorbidities was well balanced between the groups, including neoplasms (66.0% 
vs 64.7%), essential hypertension (43.5% vs.42.0%), and lung malignancy (34.6% vs 33.9%). The standardized mean 
differences for all variables were below 0.1, confirming adequate balance.

Association Between Dexmedetomidine Exposure and 1-Year Outcomes
The primary analysis demonstrated a statistically significant association between perioperative dexmedetomidine expo
sure and improved 1-year survival (Table 2). Patients receiving dexmedetomidine had a 20% lower risk of 1-year 
mortality than those receiving midazolam (4.1% vs 5.4%; HR 0.80, 95% CI 0.68–0.94; p=0.007). In the E-value analysis 
for one-year mortality, the E-value was 1.81 for the point estimate and 1.32 for the lower limit of the 95% CI, suggesting 
that an unmeasured confounder would need to have a relatively strong association with both dexmedetomidine use and 
mortality to nullify the observed association. Temporal stratification of the mortality data revealed that this survival 
benefit did not emerge in the early postoperative period (1–30 days: HR 0.89; p=0.695) but became evident during the 
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later follow-up interval (31–365 days: HR 0.80; p=0.008). This delayed effect suggests that the benefit of dexmedeto
midine may not lie in mitigating immediate postoperative complications, but rather in promoting long-term physiological 
recovery. Notably, dexmedetomidine did not reduce the overall 1-year incidence of major complications (12.7% in both 
groups; HR, 1.05; p=0.289).

Sensitivity Analyses
The robustness of our primary findings was supported by two prespecified sensitivity analyses designed to address potential 
confounding factors (Table 3). First, after excluding patients who received perioperative blood transfusions (n=6332 per 
group), the mortality benefit associated with dexmedetomidine became more pronounced, with a 23% reduction in 1-year 
mortality (HR 0.77, 95% CI 0.66–0.91; p=0.001). This strengthened association suggests that the primary findings are not 
confounded by transfusion-related complications and may underestimate the true protective effect of dexmedetomidine. 
Second, when patients with preoperative anemia were excluded (n=5685 per group), the protective effect of dexmedetomidine 
persisted (HR 0.80, 95% CI 0.67–0.96; p=0.018). Importantly, in this anemia-free subgroup, a significant reduction in early 
mortality was observed (1–30 days: HR, 0.52; p=0.021), indicating that dexmedetomidine may confer additional short-term 

Figure 1 Patient selection flowchart from the TriNetX database. The flowchart illustrates the systematic exclusion process applied to identify eligible patients using 
dexmedetomidine (DEX group) or midazolam (control group). 
Abbreviations: HCOs, Healthcare Organizations; VATS, video-assisted thoracoscopic surgery.

Drug Design, Development and Therapy 2025:19                                                                             https://doi.org/10.2147/DDDT.S560044                                                                                                                                                                                                                                                                                                                                                                                                 10499

Hung et al

Powered by TCPDF (www.tcpdf.org)Powered by TCPDF (www.tcpdf.org)



survival benefits in patients without anemia. Together, these sensitivity analyses confirm that the observed association between 
dexmedetomidine and improved survival is not driven by confounding from perioperative transfusion or preoperative anemia, 
two well-established risk factors for adverse postoperative outcomes. The consistency of the findings across multiple analytic 
strategies enhances the validity and credibility of the observed protective effects.

Figure 2 Propensity score density distributions before and after matching. The left panel shows the distribution of propensity scores between the dexmedetomidine (DEX) 
group (Cohort 1, purple) and the control group (Cohort 2, green) before matching, indicating a noticeable imbalance. The right panel shows improved overlap and covariate 
balance after 1:1 propensity score matching using age, sex, race, laboratory data, and comorbidities.

Table 1 Baseline Characteristics of Patients Before and After Propensity Score Matching

Variables Before Matching After Matching

DEX Group 
(n = 6390)

Control Group 
(n = 27,858)

SMD† DEX Group 
(n = 6387)

Control Group  
(n = 6387)

SMD†

Patient characteristics

Age at index (years) 58.3±16.7 58.4±15.9 0.004 58.3±16.7 58.0±16.0 0.020

Male 2897 (45.3%) 12095 (43.4%) 0.039 2897 (45.4%) 2912 (45.6%) 0.005

BMI kg/m2 28.4±6.7 27.8±6.6 0.086 28.4±6.7 28.7±6.8 0.044

White 4610 (72.1%) 20447 (73.4%) 0.028 4610 (72.2%) 4712 (73.8%) 0.036

Unknown Race 904 (14.1%) 2671 (9.6%) 0.141 901 (14.1%) 884 (13.8%) 0.008

Black or African American 548 (8.6%) 2508 (9.0%) 0.015 548 (8.6%) 478 (7.5%) 0.040

Asian 135 (2.1%) 1314 (4.7%) 0.144 135 (2.1%) 133 (2.1%) 0.002

Factors influencing health status and contact with health services 5561 (87.0%) 21768 (78.1%) 0.236 5558 (87.0%) 5560 (87.1%) 0.001

Comorbidities

Neoplasms 4216 (66.0%) 17439 (62.6%) 0.071 4214 (66.0%) 4132 (64.7%) 0.027

Essential (primary) hypertension 2783 (43.6%) 11429 (41.0%) 0.051 2781 (43.5%) 2682 (42.0%) 0.031

Malignant neoplasm of bronchus and lung 2210 (34.6%) 8885 (31.9%) 0.057 2208 (34.6%) 2166 (33.9%) 0.014

Nicotine dependence 1904 (29.8%) 6309 (22.6%) 0.163 1901 (29.8%) 1851 (29.0%) 0.017

COPD 1373 (21.5%) 4789 (17.2%) 0.109 1371 (21.5%) 1321 (20.7%) 0.019

Ischemic heart diseases 1345 (21.0%) 4557 (16.4%) 0.121 1342 (21.0%) 1313 (20.6%) 0.011

Overweight and obesity 1102 (17.2%) 3799 (13.6%) 0.100 1101 (17.2%) 1067 (16.7%) 0.014

Diabetes mellitus 1050 (16.4%) 4011 (14.4%) 0.056 1048 (16.4%) 1026 (16.1%) 0.009

Other anemias 812 (12.7%) 2963 (10.6%) 0.065 812 (12.7%) 732 (11.5%) 0.038

Diseases of liver 751 (11.8%) 2669 (9.6%) 0.070 749 (11.7%) 732 (11.5%) 0.008

Vitamin D deficiency 662 (10.4%) 2564 (9.2%) 0.039 662 (10.4%) 606 (9.5%) 0.029

Obstructive sleep apnea 614 (9.6%) 2185 (7.8%) 0.063 613 (9.6%) 583 (9.1%) 0.016

Cerebrovascular diseases 515 (8.1%) 1755 (6.3%) 0.068 515 (8.1%) 518 (8.1%) 0.002

(Continued)
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Subgroup Analysis
Subgroup analyses were conducted to evaluate whether the survival benefit of dexmedetomidine varied among clinically 
relevant populations (Table 4). No statistically significant interaction effects were detected, indicating that the protective effect 
of dexmedetomidine was consistent across all the examined subgroups. Although male patients (HR 0.71, p = 0.002) appeared 

Table 1 (Continued). 

Variables Before Matching After Matching

DEX Group 
(n = 6390)

Control Group 
(n = 27,858)

SMD† DEX Group 
(n = 6387)

Control Group  
(n = 6387)

SMD†

Chronic kidney disease (CKD) 379 (5.9%) 1402 (5.0%) 0.039 378 (5.9%) 368 (5.8%) 0.007

Alcohol related disorders 311 (4.9%) 1010 (3.6%) 0.062 311 (4.9%) 286 (4.5%) 0.019

Heart failure 304 (4.8%) 1226 (4.4%) 0.017 304 (4.8%) 308 (4.8%) 0.003

Malnutrition 219 (3.4%) 863 (3.1%) 0.019 218 (3.4%) 205 (3.2%) 0.011

Laboratory data

Hemoglobin≥12 mg/dL 5336 (83.5%) 22121 (79.4%) 0.106 5333 (83.5%) 5384 (84.3%) 0.022

Hemoglobin A1c ≥7% 472 (7.4%) 1682 (6.0%) 0.054 470 (7.4%) 480 (7.5%) 0.006

Albumin g/dL (≥3.5 g/dL) 4430 (69.3%) 17738 (63.7%) 0.120 4427 (69.3%) 4403 (68.9%) 0.008

C-reactive protein (3mg/L) 510 (8.0%) 2133 (7.7%) 0.012 510 (8.0%) 457 (7.2%) 0.031

Notes: †SMD values <0.1 indicate adequate balance between groups. 
Abbreviations: BMI, body mass index; SMD, standardized mean differences; COPD, chronic obstructive pulmonary disease.

Table 2 Association Between Dexmedetomidine and 1-year Risk of Mortality Following 
Thoracic Surgery

Outcomes DEX Group  
(n= 6387)

Control Group  
(n= 6387)

HR (95% CI) p-value

Events (%) Events (%)

Overall mortality

1-year 262 (4.1%) 348 (5.4%) 0.80 (0.68–0.94) 0.007
1-30 days 23 (0.36%) 26 (0.41%) 0.89 (0.51–1.57) 0.695

31-365 days 243 (3.8%) 326 (5.1%) 0.80 (0.68–0.94) 0.008
Overall major complications

1-year 809 (12.7%) 808 (12.7%) 1.05 (0.96–1.16) 0.289

1-30 days 250 (3.9%) 222 (3.5%) 1.14 (0.95–1.36) 0.160
31-3 65days 651 (10.2%) 679 (10.6%) 1.02 (0.91–1.13) 0.743

Abbreviations: DEX, dexmedetomidine; HR, hazard ratio; CI, confidence interval.

Table 3 Sensitivity Analysis

Outcomes 1-Year Follow Up 1–30 Day 31–365 Days

HR (95% CI) p-values HR (95% CI) p-values HR (95% CI) p-values

Patients without blood transfusion (n=6332 for each group)

Overall mortality 0.77 (0.66–0.91) 0.001 0.62 (0.36–1.05) 0.071 0.80 (0.68–0.94) 0.008
Overall major complications 1.04 (0.94–1.15) 0.419 1.16 (0.97–1.39) 0.110 1.00 (0.90–1.12) 0.982

Patients without anemia history (n=5685 for each group)

Overall mortality 0.80 (0.67–0.96) 0.018 0.52 (0.29–0.92) 0.021 0.85 (0.70–1.03) 0.095

Overall major complications 1.08 (0.97–1.21) 0.151 1.06 (0.87–1.29) 0.557 1.06 (0.93–1.19) 0.382

Abbreviations: HR, hazard ratio; CI, confidence interval.
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to derive a greater benefit than female patients (HR 0.79, p = 0.086), the non-significant interaction p-value (p = 0.556) 
indicates that this difference is likely attributable to chance. Similarly, both younger (18–65 years: HR 0.81, p=0.144) and 
older patients (>66 years: HR 0.75, p=0.003) experienced comparable benefits, with an interaction p-value of 0.675. Among 
patients with lung malignancy (HR 0.67, p<0.001) and those without (HR 0.83, p=0.084), no significant effect modification 
was observed (interaction p=0.193). These findings confirm that the protective effect of dexmedetomidine is broadly 
applicable across sex, age, and cancer status, supporting its use in a wide range of patients undergoing VATS.

Multivariable Analysis for Risk Factor Identification
The multivariate Cox proportional hazards model identified dexmedetomidine as an independent protective factor for 
1-year mortality after adjusting for a wide range of demographic and clinical variables (Table 5). Dexmedetomidine 
exposure remained significantly associated with a 25% reduction in mortality risk (HR 0.75, 95% CI 0.66–0.85; 
p<0.001), confirming the robustness of its effect beyond baseline patient characteristics. Several predictors were used 
to validate the model. Male sex was associated with a higher risk of 1-year mortality (HR, 1.49; p<0.001), and increasing 
age also conferred a greater risk, with each additional year linked to a 2% increase in mortality (HR, 1.02; p<0.001). 
Among the comorbidities, malnutrition had the strongest association (HR, 3.13; p<0.001), followed by heart failure (HR, 
2.03; p<0.001) and anemia (HR, 1.62; p<0.001), underscoring the importance of nutritional and cardiovascular optimiza
tion before surgery. Interestingly, conditions such as chronic obstructive pulmonary disease and ischemic heart disease 
were not significant predictors, possibly reflecting the homogeneous nature of the VATS population or effective baseline 
balancing. Overall, these findings further support the independent and consistent benefit of dexmedetomidine on long- 
term survival.

Table 4 Subgroup Analysis for 1-Year Mortality Risk

Subgroups N for Each Group HR (95% CI) p-values P for Interaction

Sex
Male 2890 0.71 (0.58–0.88) 0.002 Reference

Female 2785 0.79 (0.60–1.04) 0.086 0.556

Age
18-65 3105 0.81 (0.60–1.08) 0.144 Reference

≥66 3281 0.75 (0.62–0.91) 0.003 0.675

Malignancy lung ca
Yes 2249 0.67 (0.52–0.84) <0.001 Reference

No 4133 0.83 (0.67–1.03) 0.084 0.193

Abbreviations: HR, hazard ratio; CI, confidence interval.

Table 5 Variables for 1-Year Mortality Prediction

Variables HR (95% CI) p-value

DEX group or Control group 0.75 (0.66, 0.85) < 0.001

Male 1.49 (1.36, 1.64) < 0.001
Age at Index 1.02 (1.02, 1.03) < 0.001

Malignant neoplasms of respiratory and intrathoracic organs 1.32 (1.20, 1.46) < 0.001

Anemia 1.62 (1.43, 1.83) < 0.001
Malnutrition 3.13 (2.66, 3.68) < 0.001

Chronic obstructive pulmonary disease 0.94 (0.83, 1.05) 0.259

Heart failure 2.03 (1.73, 2.38) < 0.001
Ischemic heart diseases 0.89 (0.79, 1.01) 0.069

Chronic kidney disease (CKD) 1.06 (0.90, 1.26) 0.484

Diabetes mellitus 1.20 (1.06, 1.35) 0.004
Essential (primary) hypertension 0.97 (0.87, 1.08) 0.553

Abbreviations: DEX, dexmedetomidine; HR, hazard ratio; CI, confidence interval.
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Discussion
This multi-institutional study examined 12,774 patients undergoing VATS to compare one-year mortality risk between 
those receiving perioperative dexmedetomidine versus midazolam. Our results revealed a 20% reduction in one-year 
mortality risk for patients receiving dexmedetomidine compared to midazolam. Importantly, this survival benefit emerged 
during the later follow-up period (31–365 days post-surgery) rather than immediately after surgery, suggesting that the 
protective effects of dexmedetomidine may relate to longer-term physiological recovery rather than prevention of 
immediate complications. Interestingly, both groups experienced identical rates of major complications (12.7%), indicat
ing that dexmedetomidine’s mortality benefit operates through mechanisms beyond preventing overt clinical events, such 
as sepsis or respiratory failure. Sensitivity analyses confirmed that these findings remained robust even after excluding 
patients with blood transfusions or preoperative anemia, and the protective effect was consistent across different patient 
subgroups regardless of age, sex, or cancer status.

Based on current evidence, dexmedetomidine has demonstrated significant progress in preventing postoperative 
mortality, although this benefit appears to be most pronounced in specific surgical populations. Ji et al27 demonstrated 
that perioperative dexmedetomidine reduced in-hospital, 30-day, and 1-year mortality in patients undergoing coronary 
artery bypass surgery. Similarly, Cheng et al28 found significantly decreased in-hospital mortality and operative mortality 
in elderly cardiac surgery patients. These findings were corroborated by Peng et al18 in a comprehensive meta-analysis of 
cardiac surgery patients, which demonstrated a 65% reduction in the 30-day mortality risk. However, the benefits of 
noncardiac surgery remain less consistent, as the same meta-analysis by Peng et al18 found that 30-day mortality 
advantages were not significant in noncardiac surgical populations.

In the current study, the observed reduction in one-year mortality associated with perioperative dexmedetomidine 
represents a clinically significant finding that extends well beyond the immediate perioperative period. The temporal 
pattern of this survival benefit is particularly intriguing, as it became evident only during the intermediate to late follow- 
up period rather than in the first month after surgery. This delayed emergence of benefits suggests that the protective 
effects of dexmedetomidine may not be primarily related to preventing immediate surgical complications but rather to 
enhancing the body’s capacity for long-term recovery and adaptation following the physiological stress of thoracic 
surgery. In addition, these findings were supported by sensitivity and subgroup analyses. However, because perioperative 
blood transfusion is both an indicator of surgical complexity and an independent predictor of adverse outcomes,29,30 it 
may confound the association between dexmedetomidine use and mortality. As excluding transfused patients may 
preferentially remove those with greater baseline risk or intraoperative instability, this result should be interpreted with 
caution.

This study revealed a notable paradox: despite comparable 30-day complication and mortality rates between groups, 
a significant divergence in survival emerged between 31 and 365 days postoperatively. This temporal dissociation 
suggests that the survival benefit of dexmedetomidine is unlikely to result from reduced perioperative complications 
but rather from enhanced postoperative physiological resilience. Although unmeasured confounders such as surgeon 
skill, institutional volume, intraoperative blood loss, or adherence to enhanced recovery protocols were not available in 
the database, these factors primarily influence short-term risk of complications or morbidity. The consistent 30-day 
complication rates between groups therefore suggest that such variables were likely balanced and are unlikely to explain 
the delayed divergence in long-term mortality.

As a highly selective alpha-2 adrenergic receptor agonist, dexmedetomidine exerts potent sympatholytic effects that 
may attenuate the excessive stress response associated with major surgery, thereby reducing the cascade of inflammatory 
mediators and stress hormones that can contribute to organ dysfunction and adverse outcomes.14–16 The well-documented 
anti-inflammatory properties of the drug may play a particularly important role in thoracic surgery patients, where 
inflammatory responses can significantly impact respiratory function and wound healing. Additionally, the potential 
neuroprotective and cardioprotective effects of dexmedetomidine, mediated through preconditioning mechanisms and 
preservation of cellular energy metabolism, may help maintain vital organ function during periods of physiological 
stress.15,31 Such modulation of systemic homeostasis may explain the delayed mortality benefit observed in our cohort 
and highlights the potential for pharmacologic interventions to influence long-term surgical outcomes beyond the 
prevention of discrete adverse events.
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From a clinical perspective, the potential survival benefit associated with dexmedetomidine use may justify its higher 
acquisition cost, particularly if future studies confirm long-term improvements in recovery and quality of life. 
Furthermore, these findings could contribute to the development of evidence-based perioperative management guidelines 
incorporating dexmedetomidine as a component of multimodal anesthesia strategies for thoracic surgery. However, the 
implementation of these findings in clinical practice should be balanced with individual patient factors, contraindications, 
and institutional protocols. The broad applicability of the survival benefit across different patient subgroups suggests that 
the protective effects of dexmedetomidine may benefit the general population undergoing thoracic surgery. These results 
also highlight the importance of considering long-term outcomes, not just immediate perioperative complications, when 
evaluating the effectiveness of different anesthetic approaches.

The absence of any significant difference in major complications between the dexmedetomidine and control groups 
indicates that the protective effects of dexmedetomidine do not operate primarily through the prevention of overt clinical 
events such as sepsis, respiratory failure, myocardial infarction, or acute kidney injury. However, dexmedetomidine may 
influence the severity or clinical course of complications in ways that do not change their incidence but improve their 
outcomes. This pattern underscores the complexity of perioperative medicine and highlights how medication can 
influence patient outcomes through pathways that extend beyond the prevention of easily measurable clinical endpoints. 
Nevertheless, the absence of difference in the overall complication rate should be interpreted with caution. The composite 
definition used in this study may not have captured all clinically relevant adverse events, and differences in complication 
detection or reporting across institutions could have influenced the results. In our initial analysis, individual complica
tions were examined separately; however, no significant differences were observed between patients with or without 
dexmedetomidine exposure. To avoid excessive reporting of non-significant findings and to present a concise yet 
clinically meaningful summary, we therefore used an overall composite endpoint of major complications. This approach 
also reflects the limitation of ICD-10–based data, which capture diagnostic categories but not the severity of each event.

Given the relatively high proportion of patients with malignancy in our cohort, the findings should be interpreted within the 
context of a predominantly oncologic VATS population, and caution is warranted when generalizing to non-cancer surgical 
settings. In clinical practice, dexmedetomidine is commonly administered as an initial bolus followed by continuous 
intraoperative infusion to maintain hemodynamic stability and sedation. Although our database did not capture the specific 
administration details, this limitation is unlikely to substantially affect the interpretation of our findings, as the typical 
perioperative use pattern is relatively standardized. However, because detailed information on the specific dosing regimen, 
timing (eg, pre-induction, intraoperative, or postoperative), infusion duration of dexmedetomidine, or concomitant anesthetics 
was unavailable, we were unable to assess potential dose–response relationships or identify threshold effects that might 
influence efficacy or adverse events. These factors may influence its physiological and clinical effects; therefore, our results 
should be interpreted as reflecting general perioperative exposure rather than a specific administration protocol.

Several important limitations of this study must be acknowledged when interpreting these findings. First, the retrospective 
observational design cannot establish causality and may be subject to unmeasured confounding factors (such as physician 
preference, surgical complexity, intraoperative events, hemodynamic stability, expected surgery duration, or severity of 
comorbidities) that could influence both treatment selection and outcomes. Second, our composite endpoint of major complica
tions did not include granular subclassifications, and variations in postoperative follow-up completeness among institutions could 
have introduced minor ascertainment bias. These factors may partly account for the residual uncertainty in interpreting the 
magnitude and mechanisms of the observed survival benefit. Third, the study population was limited to patients who received 
either dexmedetomidine or midazolam, potentially excluding those who received other sedative agents, which limits our ability to 
draw broader conclusions regarding optimal perioperative management. Fourth, the inherent limitations of the TriNetX database, 
including potential variability in diagnostic coding accuracy, missing data, and the lack of granular clinical details such as 
medication dosing or surgical complexity, may affect the internal validity of our findings. In addition, the TriNetX database does 
not capture the specific causes of mortality, precluding differentiation between disease-related and non–disease-related deaths. 
Finally, while our follow-up period of one year provides valuable long-term data, even longer follow-up periods might reveal 
different patterns of benefit or delayed adverse effects not apparent in our analysis timeframe.

https://doi.org/10.2147/DDDT.S560044                                                                                                                                                                                                                                                                                                                                                                                                                                       Drug Design, Development and Therapy 2025:19 10504

Hung et al                                                                                                                                                                            

Powered by TCPDF (www.tcpdf.org)Powered by TCPDF (www.tcpdf.org)



Conclusion
This multi-institutional study demonstrates that perioperative dexmedetomidine administration is associated with 
a reduction in one-year mortality following VATS. This survival benefit appears to emerge through mechanisms that 
extend beyond the prevention of immediate postoperative complications, suggesting that dexmedetomidine may enhance 
physiological resilience and recovery capacity during the critical postoperative period. However, given the absence of 
detailed information on drug dosing, timing, and protocol adherence, the present study should be viewed as hypothesis- 
generating rather than practice-guiding. Future randomized controlled trials are required to validate these observations 
and define optimal perioperative use parameters.
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