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Purpose: Delayed graft function remains a significant complication of kidney transplantation and affects outcomes and healthcare 
costs. This investigation examined the associations between perioperative dexmedetomidine exposure and postoperative outcomes in 
kidney transplant recipients.
Methods: This retrospective cohort study analyzed data from the TriNetX Research Network of patients who underwent kidney 
transplantation between January 2014 and December 2024. Adult recipients were stratified according to intraoperative dexmedetomi
dine exposure. The primary outcome was delayed graft function within seven days post-transplantation. Secondary outcomes included 
acute rejection, graft failure, infection, mortality, and an estimated glomerular filtration rate (eGFR)<45 mL/min/1.73 m2 across 
multiple time intervals.
Results: Following propensity score matching, 3,366 patients were included in each cohort. Dexmedetomidine exposure was 
associated with a lower incidence of delayed graft function at seven days (22.0% versus 24.7%; odds ratio [OR] 0.86, 95% confidence 
interval [CI] 0.77–0.96, p=0.009). More pronounced associations emerged for acute rejection (1.2% vs 3.5%; OR 0.34, 95% CI 
0.24–0.48, p<0.001) and graft failure (1.6% vs 3.8%; OR 0.42, 95% CI 0.30–0.57, p<0.001). These associations persisted through 30 
days postoperatively but attenuated progressively thereafter. No significant differences were observed in transplant infection, mortality, 
or eGFR <45 mL/min/1.73 m2 across any time interval.
Conclusion: Intraoperative dexmedetomidine exposure was associated with reduced early complications following kidney transplan
tation. The observational design necessitates cautious interpretation, and randomized controlled trials are required to establish 
causality.
Keywords: dexmedetomidine, kidney transplantation, delayed graft function, acute rejection, graft failure, renoprotection

Introduction
Kidney transplantation represents the optimal therapeutic intervention for patients with end-stage renal disease, offering 
superior survival rates and enhanced quality of life compared to chronic dialysis therapy.1–4 However, delayed graft 
function remains a substantial perioperative complication, affecting 2.6–3.25% of living-donor transplant recipients and 
15–67% of deceased-donor transplant recipients.5–12 Delayed graft function, operationally defined as dialysis require
ment within the first postoperative week,13 is associated with increased acute rejection episodes, prolonged hospitaliza
tion, compromised long-term graft survival, and elevated healthcare costs.14–17 Despite extensive investigation, effective 
preventive strategies remain elusive, as interventions including hypothermic machine perfusion, dopamine, erythropoie
tin, and complement inhibitors have yielded minimal or inconsistent benefits.18–20
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Dexmedetomidine, a highly selective alpha-2 adrenergic receptor agonist with sedative and analgesic properties, has 
emerged as a potential renoprotective agent.21–23 Preclinical studies have demonstrated that dexmedetomidine attenuates 
renal ischemia-reperfusion injury through anti-inflammatory effects, preservation of microvascular perfusion, and enhance
ment of endothelial function.22,24 A retrospective cohort study by Chen et al reported associations between perioperative 
dexmedetomidine use and reduced delayed graft function, infection, and acute rejection in 780 kidney transplant 
recipients.25 Subsequently, Shan et al conducted a randomized controlled trial (RCT) in 111 donation-after-cardiac-death 
transplant recipients, demonstrating that 24-hour perioperative dexmedetomidine infusion reduced the incidence of delayed 
graft function from 34.5% to 17.9%.26 A recent meta-analysis by Guo et al27 synthesized 11 studies encompassing 1,417 
patients and demonstrated a significantly lower incidence of delayed graft function, along with improvements in serum 
creatinine, blood urea nitrogen, urine output, and hospital stay. Notably, acute rejection was not assessed in the analysis by 
Guo et al. Despite these promising findings, clinical evidence remains inconsistent. Park et al reported no beneficial effects 
of intraoperative dexmedetomidine on renal function or delayed graft function incidence in 104 living-donor kidney 
transplant recipients,28 in sharp contrast to Shan et al’s findings in donation-after-cardiac-death transplants.26

Previous studies have been constrained by several important limitations. Most existing studies have been conducted within 
single institutions, which may restrict the generalizability of their findings across diverse healthcare systems and transplant 
practices. Moreover, relatively small sample sizes, often involving fewer than 800 participants, have limited the statistical 
power to detect associations with infrequent yet clinically meaningful outcomes, such as acute rejection or graft failure. In 
addition, follow-up durations in previous studies have also tended to be short, leaving the longer-term implications of 
dexmedetomidine exposure uncertain. Given the promising preliminary evidence and absence of large-scale confirmatory 
studies, this investigation examined the association between intraoperative dexmedetomidine exposure and postoperative 
outcomes following kidney transplantation using a comprehensive multicenter database. We hypothesized that dexmedeto
midine exposure would be associated with reduced delayed graft function and improved early graft outcomes.

Methods
Study Design and Data Source
This retrospective cohort study analyzed data from the TriNetX Research Network, a large-scale federated health 
research platform aggregating de-identified electronic health records from healthcare organizations, predominantly across 
the United States and other participating countries. The database encompasses comprehensive clinical information, 
including diagnostic codes according to the International Classification of Diseases, Tenth Revision, Clinical 
Modification (ICD-10-CM), and procedural codes using Current Procedural Terminology (CPT) and ICD-10 
Procedure Coding System (ICD-10-PCS). This platform maintains rigorous data quality standards and has been 
extensively used for epidemiological, surgical, and perioperative outcome investigations. The Institutional Review 
Board of Chi Mei Medical Center reviewed and approved the study protocol (approval no. 11406-E02). Given the 
exclusive use of de-identified secondary data without direct participant interaction, informed consent requirements were 
waived in accordance with the institutional guidelines governing observational research. This study was conducted in 
accordance with the principles of the Declaration of Helsinki. We have previously reported a database-based study of 
perioperative dexmedetomidine in a different surgical setting;29 the present study examined a distinct population and 
transplant-specific outcomes.

Study Population and Exposure Definition
Adult patients (≥18 years) with stage 5 chronic kidney disease or end-stage renal disease who underwent kidney 
transplantation between January 1, 2014, and December 31, 2024, were identified. Kidney transplant procedures were 
recorded using the validated CPT and ICD-10-PCS codes, and the date of surgery was defined as the index date. The 
patients were divided into two cohorts according to intraoperative dexmedetomidine exposure. The dexmedetomidine 
group included individuals who were exposed to the drug on the day of surgery, whereas the control group comprised 
those with no dexmedetomidine exposure within one month after the index procedure. To ensure that exposure only 
reflected intraoperative use, patients who received dexmedetomidine between postoperative days 2 and 30 were excluded 
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from the dexmedetomidine cohort to avoid confounding from postoperative sedation. Patients who received intraopera
tive dexmedetomidine and were subsequently monitored in the intensive care unit without further dexmedetomidine 
administration were included in the analysis. The TriNetX database does not provide sufficient granularity to distinguish 
between a single intraoperative bolus and a continuous infusion of dexmedetomidine; therefore, exposure was defined 
based on documented administration on the day of surgery, regardless of the dosing pattern.

Exclusion Criteria
Several exclusion criteria were implemented to minimize confounding factors and enhance between-group comparability. 
Patients undergoing simultaneous kidney transplantation with other solid organ transplantation procedures, specifically 
cardiac or hepatic transplantation, were excluded because of substantially different perioperative management strategies 
and risk profiles. Patients with hemodynamic instability or severe acute illness within one month before surgery were 
excluded, including sepsis (ICD-10: A41), hepatic failure (ICD-10: K72.X), and shock (ICD-10: R57.X). These 
conditions represent critical illnesses that could substantially confound perioperative outcomes, independent of anesthetic 
management. Patients with hemodynamic instability within one month before transplantation were excluded to limit 
confounding from acute preoperative illness. Although such patients may be considered suitable transplant candidates, 
recent hemodynamic instability can independently influence early outcomes and anesthetic drug selection. This exclusion 
criterion was prespecified to minimize bias from pre-existing instability rather than to reflect surgical eligibility.

Propensity Score Matching
Propensity score matching was employed to minimize the confounding inherent in observational data and the approximate 
covariate balance achieved in randomized trials. Baseline characteristics encompassing demographic information, comorbid
ities, and laboratory parameters were extracted from the 2-year period preceding the index surgery. Propensity scores 
representing the conditional probability of receiving dexmedetomidine were estimated using multivariable logistic regression 
incorporating clinically relevant covariates, including age, sex, race, body mass index, preexisting comorbidities, and 
preoperative laboratory values. One-to-one matching was subsequently performed using a greedy nearest-neighbor algorithm 
without replacement, employing a caliper width of 0.1 standard deviations of the logit-transformed propensity score. Matching 
quality was assessed through standardized mean differences, with thresholds below 0.1 indicating acceptable balance, 
supplemented by graphical evaluation of propensity score distributions to verify adequate comparability between cohorts.

Outcome Assessment
The primary outcome was delayed graft function (DGF) incidence, operationally defined as dialysis requirement within 
seven days post-transplantation.25 Secondary outcomes included transplant rejection (ICD-10 T86.11), transplant failure 
(ICD-10 T86.12), transplant infection (ICD-10 T86.13), all-cause mortality, and impaired renal function defined as an 
estimated glomerular filtration rate (eGFR) below 45 mL/min/1.73m2. Although outcome ascertainment based on ICD-10 
codes is standard in large database studies, this approach is more likely to capture clinically significant rejection episodes 
requiring documentation or intervention and may underestimate subclinical rejection events.

To comprehensively evaluate the temporal outcome patterns, analyses were conducted across multiple intervals: 7, 30, 
30–90, and 90–365 days postoperatively. Analyses extending beyond the early postoperative period were prespecified as 
exploratory and performed to characterize the time-dependent attenuation of perioperative associations. Because dexme
detomidine exposure was limited to the intraoperative period, these analyses were intended to support the interpretation 
of early postoperative findings rather than to infer sustained drug effects or causality.

Sensitivity Analyses
Three sensitivity analyses were conducted to evaluate the robustness and internal validity of the findings. Model I excluded 
patients who received perioperative blood transfusions within 14 days of surgery, minimizing confounding from transfusion- 
related immunomodulation and hemodynamic alterations. Model II restricted the analysis to patients with documented 
intraoperative vasopressor exposure, including norepinephrine, dopamine, metaraminol, vasopressin, or phenylephrine, 
representing a hemodynamically complex subgroup wherein dexmedetomidine effects might differ substantially. Model III 
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limited the inclusion to patients undergoing surgery between 2018 and 2024, addressing the potential temporal confounding 
from evolving surgical techniques, immunosuppression protocols, and perioperative management practices.

Statistical Analysis
Baseline characteristics were summarized using descriptive statistics, with continuous variables expressed as means with 
standard deviations and categorical variables as frequencies with percentages. For outcomes assessed within 90 days 
postoperatively, effect estimates were quantified using odds ratios (OR) with 95% confidence intervals (CI) derived from 
propensity-matched cohorts. For outcomes evaluated between 90 and 365 days, hazard ratios (HR) with 95% CI were 
calculated using Cox proportional hazards regression models. For Cox proportional hazards models applied to outcomes 
between 90 and 365 days, the proportional hazards assumption was assessed using Schoenfeld residuals and was found to 
be satisfied for all models. Statistical significance was determined using a two-sided alpha level of 0.05. All analyses 
were performed using integrated analytical tools on the TriNetX platform.

Results
Patient Selection and Baseline Characteristics
Following the application of inclusion and exclusion criteria, the initial dataset comprised 3,369 patients who received 
intraoperative dexmedetomidine and 43,478 patients who did not receive dexmedetomidine during kidney transplantation 
(Figure 1). Before propensity score matching, notable differences existed between the groups across several baseline 
characteristics (Table 1). The dexmedetomidine group demonstrated a lower mean age (47.9 years versus 51.8 years). 
Comorbidity prevalence varied between cohorts, with the dexmedetomidine group showing higher rates of essential 
hypertension (74.4% vs 65.7%), anemia (31.4% vs 24.2%), and overweight/obesity (26.7% vs 18.7%).

Figure 1 Patient selection flowchart from the TriNetX database. DEX: dexmedetomidine. 
Abbreviation: DEX, dexmedetomidine.
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Following one-to-one propensity score matching, 3,366 patients remained in each cohort, with substantially improved 
covariate balance (Table 1). All post-matching SMD values fell below 0.1, indicating adequate equilibration between the 
groups. The matched dexmedetomidine and control cohorts demonstrated comparable distributions across age (47.9 
versus 47.7 years), sex, body mass index (28.4 versus 28.6 kg/m2), and racial composition. Baseline comorbidities (eg, 
hypertension, diabetes, and ischemic heart disease) and laboratory values were comparably distributed across cohorts. 
Medication usage patterns, including insulin analogs, angiotensin II inhibitors, and ACE inhibitors, were similarly 

Table 1 Baseline Characteristics of Kidney Transplant Recipients Before and After Propensity Score Matching

Variables Before Matching After Matching

DEX Group 
(n = 3,369)

Control Group 
(n = 43,478)

SMD† DEX Group 
(n = 3,366)

Control Group 
(n = 3,366)

SMD†

Patient characteristics

Age at index (years) 47.9±15.9 51.8±14.3 0.261 47.9±15.9 47.7±14.7 0.013

Female 1267 (37.6) 17277 (39.7) 0.044 1267 (37.6) 1260 (37.4) 0.004
BMI kg/m2 28.4±5.8 28.2±5.4 0.037 28.4±5.8 28.6±5.8 0.035

White 1476 (43.8) 21166 (48.7) 0.098 1475 (43.8) 1459 (43.3) 0.010

Black or African American 1010 (30.0) 12938 (29.8) 0.005 1009 (30.0) 1039 (30.9) 0.019
Unknown Race 449 (13.3) 3640 (8.4) 0.160 448 (13.3) 441 (13.1) 0.006

Comorbidities

Essential (primary) hypertension 2507 (74.4) 28556 (65.7) 0.192 2504 (74.4) 2498 (74.2) 0.004

Diabetes mellitus 1341 (39.8) 17272 (39.7) 0.002 1340 (39.8) 1321 (39.2) 0.012
Anemias 1058 (31.4) 10521 (24.2) 0.161 1057 (31.4) 1092 (32.4) 0.022

Ischemic heart diseases 930 (27.6) 11297 (26.0) 0.037 930 (27.6) 912 (27.1) 0.012

Overweight and obesity 901 (26.7) 8130 (18.7) 0.193 899 (26.7) 866 (25.7) 0.022
Neoplasms 637 (18.9) 7675 (17.7) 0.032 635 (18.9) 638 (19.0) 0.002

Heart failure 542 (16.1) 5587 (12.9) 0.092 542 (16.1) 537 (16.0) 0.004

Vitamin D deficiency 426 (12.6) 3743 (8.6) 0.131 423 (12.6) 406 (12.1) 0.015
Diseases of liver 348 (10.3) 3403 (7.8) 0.087 348 (10.3) 322 (9.6) 0.026

Cerebrovascular diseases 245 (7.3) 3068 (7.1) 0.008 245 (7.3) 237 (7.0) 0.009
Nicotine dependence 218 (6.5) 2048 (4.7) 0.077 218 (6.5) 233 (6.9) 0.018

Malnutrition 132 (3.9) 850 (2.0) 0.116 129 (3.8) 117 (3.5) 0.019

COPD 103 (3.1) 1196 (2.8) 0.018 103 (3.1) 116 (3.4) 0.022
Alcohol related disorders 55 (1.6) 454 (1.0) 0.051 55 (1.6) 46 (1.4) 0.022

Laboratory data

Albumin g/dL 4.1±0.5 4.0±0.5 0.093 4.1±0.5 4.0±0.5 0.010

Hemoglobin mg/dL 11.1±1.7 11.2±1.6 0.057 11.1±1.7 11.2±1.7 0.063
eGFR mL/min/1.73m2 8.2±5.2 8.2±5.1 0.003 8.2±5.2 7.9±5.2 0.041

Hemoglobin A1c % 5.8±1.3 6.0±1.4 0.133 5.8±1.3 5.9±1.3 0.048

Medication

Insulins and analogues 857 (25.4) 9810 (22.6) 0.067 857 (25.5) 865 (25.7) 0.005
Angiotensin II inhibitor 806 (23.9) 8133 (18.7) 0.128 806 (23.9) 810 (24.1) 0.003

ACE inhibitors 625 (18.6) 6814 (15.7) 0.077 622 (18.5) 613 (18.2) 0.007

GLP-1 analogues 82 (2.4) 855 (2.0) 0.032 82 (2.4) 81 (2.4) 0.002
DPP-4 inhibitors 72 (2.1) 1119 (2.6) 0.029 72 (2.1) 70 (2.1) 0.004

SGLT2 inhibitors 31 (0.9) 238 (0.5) 0.044 30 (0.9) 34 (1.0) 0.012

Biguanides 25 (0.7) 225 (0.5) 0.028 24 (0.7) 24 (0.7) 0.000

Notes: Data are presented as mean ± standard deviation for continuous variables and n (%) for categorical variables. †SMD values <0.1 indicate 
adequate balance between groups after matching. 
Abbreviations: BMI, body mass index; SMD, standardized mean difference; COPD, chronic obstructive pulmonary disease; SGLT2, Sodium-glucose 
co-transporter 2; DPP-4, Dipeptidyl peptidase 4; GLP-1, Glucagon-like peptide-1; eGFR, estimated glomerular filtration rate.
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distributed between groups after matching. Figure 2 illustrates the propensity score distributions before and after 
matching, demonstrating an improved overlap between cohorts following the matching procedure.

Association Between Dexmedetomidine Use and Postoperative Outcomes at 7-Day 
Follow-Up
Analysis of early postoperative outcomes revealed several associations between dexmedetomidine exposure and kidney 
transplant outcomes within the first seven days following surgery (Table 2). The incidence of delayed graft function, 
defined as hemodialysis requirement within seven days post-transplantation, was lower in the dexmedetomidine group 
than in the controls (22.0% versus 24.7%; OR 0.86, 95% CI 0.77–0.96, p=0.009).

More pronounced associations emerged between acute rejection and graft failure outcomes. Kidney transplant 
rejection occurred in 1.2% of dexmedetomidine-exposed patients compared to 3.5% of controls (OR 0.34, 95% CI 
0.24–0.48, p<0.001). Similarly, kidney transplant failure showed a lower incidence in the dexmedetomidine cohort (1.6% 
versus 3.8%; OR 0.42, 95% CI 0.30–0.57, p<0.001). The rate of impaired renal function, defined as an eGFR< 
45 mL/min/1.73m2, showed comparable distributions between groups (75.1% versus 75.4%; OR 0.99, 95% CI 

Figure 2 Propensity score distributions before and after matching. (a) shows the propensity score distributions between the dexmedetomidine group (Cohort 1, purple) 
and the control group (Cohort 2, green) before matching, demonstrating baseline imbalance. (b) displays distributions after one-to-one matching based on age, sex, race, 
laboratory values, and comorbidities, with improved overlap confirming successful covariate balance between groups.

Table 2 Association Between Dexmedetomidine and Kidney Transplant Outcomes at 7-Day 
Follow-Up

Outcomes DEX group Control group OR (95% CI) P-value
(n= 3,366) (n= 3,366)

Events (%) Events (%)

Hemodialysis requirement (DGF)⁋ 742 (22.0%) 833 (24.7%) 0.86 (0.77–0.96) 0.009

Kidney transplant rejection 41 (1.2%) 119 (3.5%) 0.34 (0.24–0.48) <0.001

Kidney transplant failure 55 (1.6%) 129 (3.8%) 0.42 (0.30–0.57) <0.001
Kidney transplant infection† – – – –

Mortality† – – – –

eGFR<45 mL/min/1.73 m2 2530 (75.1%) 2539 (75.4%) 0.99 (0.88–1.10) 0.799

Notes: Data are presented as n (%) for event rates. ⁋Delayed graft function (DGF) was operationally defined as 
hemodialysis requirement within seven days post-transplantation, serving as the primary outcome.; †Data on kidney 
transplant infection and mortality were unavailable for the 7-day interval because of the limited number of observed 
events. 
Abbreviations: DEX, dexmedetomidine; eGFR, estimated glomerular filtration rate; OR, Odds ratio; CI, confidence 
interval.
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0.88–1.10, p=0.799). Data on kidney transplant infection and mortality were unavailable for the 7-day interval because of 
the limited number of observed events.

Association Between Dexmedetomidine Use and Postoperative Outcomes at 365-Day 
Follow-Up
Temporal analysis across extended follow-up intervals demonstrated evolving associations between dexmedetomidine 
exposure and transplant outcome (Table 3). During the 1–30 day postoperative period, hemodialysis requirement 
remained associated with dexmedetomidine use (OR 0.85, p=0.002). Kidney transplant rejection (OR 0.68, p<0.001) 
and failure (OR 0.62, p<0.001) showed persistent associations during this interval.

In the 30–90 day period, the association with hemodialysis requirement approached but did not reach statistical 
significance (OR 0.87, p=0.051). Kidney transplant failure maintained a statistically significant association (OR 0.74, 
p=0.002), whereas the association with rejection was attenuated (OR 0.87, p=0.114).

During the 90–365 day interval, analyzed using Cox proportional hazards regression, hemodialysis requirement continued 
to show an association with dexmedetomidine exposure (HR 0.89, 95% CI 0.79–0.99, p=0.043). Associations with kidney 
transplant rejection (HR 0.95, p=0.449) and failure (HR 0.88, p=0.133) were no longer statistically significant. Kidney 
transplant infection and impaired renal function prevalence showed no significant association across any time interval.

Sensitivity Analysis
Three sensitivity analyses were conducted to evaluate the robustness of the observed associations under varying 
analytical conditions (Table 4). Model I excluded patients who received perioperative blood transfusions, analyzing 
3,044 patients per group. This analysis demonstrated associations consistent with the primary findings.

Table 3 Association Between Dexmedetomidine and Kidney Transplant Outcomes at Extended Follow-Up 
Intervals

Outcomes 1-30 days 30-90 day 90-365 day

OR (95% CI) P-value OR (95% CI) P-value HR (95% CI) P-value

Hemodialysis requirement 0.85 (0.77–0.95) 0.002 0.87 (0.76–1.00) 0.051 0.89 (0.79–0.99) 0.043

Kidney transplant rejection 0.68 (0.58–0.81) <0.001 0.87 (0.74–1.03) 0.114 0.95 (0.83–1.08) 0.449
Kidney transplant failure 0.62 (0.52–0.74) <0.001 0.74 (0.62–0.90) 0.002 0.88 (0.75–1.04) 0.133

Kidney transplant infection 1.22 (0.85–1.73) 0.281 0.98 (0.73–1.31) 0.881 1.03 (0.83–1.28) 0.779

Mortality – – – – 0.80 (0.56–1.16) 0.251
eGFR<45 mL/min/1.73 m2 1.03 (0.92–1.16) 0.564 1.10 (0.99–1.20) 0.092 1.02 (0.94–1.10) 0.667

Notes: Data on mortality for the 1–30 day and 30–90 day intervals were unavailable because of insufficient event numbers. 
Abbreviations: eGFR, estimated glomerular filtration rate; OR, Odds ratio; HR, hazard ratio; CI, confidence interval.

Table 4 Sensitivity Analyses of Associations Between Dexmedetomidine and Kidney Transplant Outcomes at 
7-Day Follow-up

Outcomes Model I Model II Model III

OR (95% CI) P-value OR (95% CI) P-value OR (95% CI) P-value

Hemodialysis requirement 0.88 (0.78–0.99) 0.035 0.73 (0.63–0.85) <0.001 0.80 (0.71–0.89) <0.001
Kidney transplant rejection 0.32 (0.22–0.46) <0.001 0.33 (0.19–0.57) <0.001 0.50 (0.32–0.79) 0.002

Kidney transplant failure 0.40 (0.29–0.56) <0.001 0.42 (0.26–0.67) <0.001 0.63 (0.43–0.92) 0.015

Kidney transplant infection – – – – – –
Mortality – – – – – –

eGFR<45 mL/min/1.73 m2 1.00 (0.88–1.12) 0.928 0.89 (0.76–1.04) 0.128 1.03 (0.92–1.16) 0.581

Notes: Model I excluded patients receiving blood transfusions (n=3,044 per group). Model II included only patients requiring intraoperative 
vasopressors (norepinephrine, dopamine, metaraminol, vasopressin, or phenylephrine) (n=1,883 per group). Model III restricted the analysis to 
2018–2024 procedures (n=3,171 per group). 
Abbreviations: OR, Odds ratio; CI, confidence interval; eGFR, estimated glomerular filtration rate.
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Model II restricted the analysis to patients who received intraoperative vasopressors, representing a hemodynamically 
complex subpopulation. This subgroup analysis also revealed associations of a similar magnitude.

Model III limited the analysis to procedures performed between 2018 and 2024, encompassing 3,171 patients per 
group, to address potential temporal confounding from evolving clinical practices. The results remained directionally 
consistent with the primary analyses. Across all sensitivity models, impaired renal function showed no significant 
differences between the groups, corroborating the primary findings.

Discussion
This multicenter retrospective cohort study examined the associations between intraoperative dexmedetomidine exposure 
and kidney transplant outcomes in 6,732 propensity-matched patients. Dexmedetomidine exposure was associated with 
a lower incidence of delayed graft function, acute rejection, and graft failure within 7 days postoperatively. Temporal 
analysis revealed distinct trajectories: associations with delayed graft function and acute rejection were evident within the 
first 30 days but lost statistical significance thereafter, whereas the association with kidney transplant failure persisted up 
to 90 days before becoming non-significant. Sensitivity analyses corroborated the primary findings, with particularly 
strong associations among patients requiring intraoperative vasopressors. However, no differences emerged in eGFR 
across all intervals. These findings suggest potential perioperative benefits, although the observational design necessitates 
cautious interpretation.

Park et al, conducted a RCT involving 104 living-donor kidney transplant recipients and found no beneficial effects of 
intraoperative dexmedetomidine on renal function or the incidence of delayed graft function.28 In contrast, Shan et al 
exclusively enrolled donation-after-cardiac-death recipients, demonstrating a substantial reduction in delayed graft 
function with a 24-hour perioperative dexmedetomidine infusion.26 These divergent findings suggest that the potential 
benefits of dexmedetomidine may be most pronounced in high-risk donor scenarios characterized by prolonged ischemia 
and increased susceptibility to ischemia-reperfusion injury. In our study, delayed graft function occurred in 22.0% of 
patients in the dexmedetomidine group versus 24.7% of controls, compared with Shan et al’s findings of 17.9% versus 
34.5% among donation-after-cardiac-death transplant recipients, respectively. This smaller relative risk reduction may 
reflect the heterogeneity of our cohort, which likely included a mix of living-donor, standard-criteria deceased-donor, and 
higher-risk donation-after-cardiac-death grafts. Consistent with the US transplant demographics, kidneys donated after 
circulatory death account for a substantial and increasing proportion of deceased kidney donors (37.3% in 2023), 
suggesting that a meaningful fraction of our cohort likely included higher-risk grafts.30 Unfortunately, the TriNetX 
database does not capture donor type or cold and warm ischemia times, precluding subgroup analyses based on these key 
determinants of ischemia-reperfusion injury severity. In addition, Shan et al’s 2019–2021 trial reflected modern transplant 
practices,26 whereas our 2014–2024 multicenter cohort spanned evolving protocols and expertise. Temporal and institu
tional variability likely contributed to the modest effect size observed in our real-world cohort compared to Shan et al’s 
single-center trial.

Sensitivity analysis limited to patients requiring intraoperative vasopressors showed a stronger association, with an 
OR of 0.73 for delayed graft function versus 0.86 overall. This result aligns with the growing evidence that the protective 
effects of dexmedetomidine are more evident in higher-risk patients, as reflected by the lack of benefit in Park et al’s low- 
risk living-donor cohort28 versus the pronounced reduction in delayed graft function observed in Shan et al’s high-risk 
cardiac-death cohort.26 Patients requiring vasopressor support likely experience periods of compromised renal perfusion, 
elevating the baseline risk for ischemia-reperfusion injury. In this hemodynamically unstable subgroup, the sympatholytic 
properties of dexmedetomidine and potential microvascular perfusion preservation through alpha-2 receptor-mediated 
mechanisms22,24 could confer disproportionate benefits, where even marginal perfusion improvements become critically 
important for graft outcomes. However, this pattern warrants cautious interpretation. Clinicians selecting dexmedetomi
dine in hemodynamically complex cases may concurrently employ other unmeasured protective strategies, including 
meticulous fluid management, earlier vasopressor initiation, or enhanced monitoring intensity, representing potential 
residual confounding.

The association between dexmedetomidine and reduced acute rejection represents an important finding that aligns with 
and extends the previous evidence. Our finding of a 7-day OR of 0.34 for acute rejection is consistent with Chen et al’s 
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single-center retrospective analysis,25 which demonstrated an adjusted OR of 0.401 among 780 kidney transplant recipients 
treated with perioperative dexmedetomidine. This consistency across independent observational studies, despite different 
analytical approaches and patient populations, strengthens the confidence that a genuine association exists. The absence of 
statistically significant rejection-related benefits in a recent meta-analysis of 339 patients across four studies31 likely reflects 
insufficient statistical power, particularly for outcomes such as acute rejection that occur in relatively small proportions of 
patients. Our larger cohort of 6,732 propensity-matched patients, combined with Chen et al ‘s 780 patients, may provide 
cumulative evidence from nearly 7,500 observational subjects supporting this association. Our investigation extends 
beyond previous work through systematic temporal analysis, demonstrating that rejection associations persisted for 30 
days postoperatively. Most notably, our study is the first to demonstrate that dexmedetomidine use was associated with 
a lower risk of kidney transplant failure that persisted for 90 days postoperatively.

However, graft rejection represents a heterogeneous clinical outcome with diverse underlying mechanisms, including 
vascular complications, drug-related toxicities, and immunological processes. The present study was not able to 
distinguish the specific causes of rejection events, such as renal vessel thrombosis or calcineurin inhibitor–associated 
thrombotic microangiopathy. Accordingly, the observed associations should not be interpreted as evidence that intrao
perative dexmedetomidine influences all forms or etiologies of graft rejection. Rather, these findings reflect population- 
level associations identified within a real-world database and should be interpreted with appropriate caution.

If causal, the observed associations likely involve interconnected anti-inflammatory and vascular mechanisms. Preclinical 
studies have demonstrated that dexmedetomidine attenuates ischemia-reperfusion injury by reducing pro-inflammatory 
cytokines, including interleukin-6 and intercellular adhesion molecule-1, inhibiting high-mobility group box 1 release, and 
suppressing Toll-like receptor 4 signaling.32,33 These effects may reduce allograft immunogenicity by limiting the initial 
tissue damage that would otherwise trigger danger signals, upregulate major histocompatibility complex expression, and 
activate antigen-presenting cells. Dexmedetomidine also suppresses Janus kinase and signal transducer and activator of 
transcription signaling pathways, downregulating monocyte chemoattractant protein-1 and limiting inflammatory cell 
recruitment.34 Additionally, dexmedetomidine activates alpha-2 adrenergic receptors abundantly expressed in the renal 
tubular and peritubular vascular structures, modulating sympathetic tone and promoting nitric oxide-mediated vasodilation 
to preserve microvascular perfusion.35,36 Animal studies have shown that dexmedetomidine activates the Akt signaling 
pathway, promoting cellular survival and reducing apoptosis in ischemic renal tissues.33 Beyond its direct anti-inflammatory 
and vascular effects, dexmedetomidine may indirectly influence adaptive immune responses by attenuating early ischemia– 
reperfusion injury and the associated release of danger-associated molecular patterns, thereby potentially limiting dendritic 
cell activation and subsequent T-cell priming that contribute to acute rejection.33,37,38 The temporal concentration of 
associations within 90 days supports mechanisms involving acute perioperative injury rather than sustained immunomodula
tion. However, these mechanistic explanations remain speculative in the absence of direct investigations in human transplant 
recipients. Whether the observed associations reflect these proposed biological pathways or unmeasured confounding factors 
cannot be definitively determined from observational data.

The absence of differences in eGFR < 45 mL/min/1.73m2 aligns consistently with prior investigations,25,26 which 
reported no significant differences in renal function parameters at intermediate and long-term follow-up. This consistent 
pattern suggests that while dexmedetomidine may be associated with reduced acute complications, these reductions do 
not translate into measurably superior long-term functional outcomes among surviving grafts. Contemporary manage
ment of delayed graft function and acute rejection has substantially improved, and patients experiencing these complica
tions may achieve functional recovery comparable to those without complications. Additionally, numerous factors 
beyond perioperative events influence long-term function, including chronic immunological processes, calcineurin 
inhibitor nephrotoxicity, and recipient comorbidities, which may overwhelm any perioperative advantage.

Several clinically relevant details could not be evaluated because they were not available in the TriNetX 
database. These include specific anesthetic regimens used in patients who did not receive dexmedetomidine, 
reasons for discontinuation of dexmedetomidine owing to adverse effects, biopsy-confirmed findings and etiologies 
of graft rejection, immunosuppressive drug dosing and toxicity, and the use of circulatory or respiratory support 
during intensive care. Rejection events were identified using standardized diagnostic codes rather than adjudicated 
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clinical or pathological criteria. Accordingly, the findings of this study should be interpreted as real-world 
associations rather than mechanistic or causal evidence.

This study had several important limitations. First, the observational design precludes causal inference despite 
propensity score matching. Unmeasured confounding factors may persist, particularly concerning clinicians’ 
dexmedetomidine selection based on factors not captured in administrative data. Second, the TriNetX database 
lacks granular details regarding dexmedetomidine dosing, exposure duration, and timing. Critical donor-specific 
variables, including ischemia times and donor quality indices, were unavailable. Third, outcome ascertainment 
relied on diagnostic coding and was potentially subject to misclassification. Rejection ascertainment depends on 
the clinical suspicion that prompts biopsy, potentially introducing differential ascertainment. Fourth, immunosup
pression protocols varied across institutions and time periods, potentially confounding the results if dexmedeto
midine use correlated with specific regimens. Fifth, the predominance of United States healthcare systems limits 
the generalizability to international populations with different transplant practices and healthcare structures. 
Finally, institutional-level factors, such as center volume, quality metrics, and care protocols, may correlate with 
both dexmedetomidine use and outcomes, representing confounding factors that propensity matching cannot 
address.

Conclusion
This large-scale multicenter investigation identified associations between intraoperative dexmedetomidine exposure and 
reduced early complications following kidney transplantation, including delayed graft function, acute rejection, and graft 
failure within 7 days postoperatively. These associations attenuated progressively over time and were not accompanied by 
improvements in short- and long-term estimated glomerular filtration rates, suggesting effects primarily on acute periopera
tive processes rather than ultimate functional outcomes. The observational design precludes causal inference, and the 
magnitude of associations, particularly for rejection, requires cautious interpretation, given potential residual confounding. 
These hypothesis-generating findings support the need for adequately powered multicenter RCTs to definitively establish 
causality and identify patient populations most likely to benefit from perioperative dexmedetomidine exposure.
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