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Purpose: This retrospective multicenter cohort study evaluated the real-world effectiveness of propofol alone versus a propofol-plus-
dexmedetomidine combination on clinical outcomes in mechanically ventilated ICU patients.

Methods: Adult mechanically ventilated ICU patients receiving long-term continuous infusion sedation (>48 h) with either propofol
alone or propofol plus dexmedetomidine were identified from the MIMIC-IV and eICU databases. An external validation cohort from
Nanjing Drum Tower Hospital (2013-2022) was assembled using the same eligibility criteria. Patients were categorized into
a propofol monotherapy group (Pro) and a propofol plus dexmedetomidine group (Pro+Dex). Outcomes included 28—day all-cause
mortality, incident delirium, ICU length of stay, duration of mechanical ventilation, and longitudinal changes in mean arterial pressure,
heart rate, and oxygen saturation.

Results: Among 5495 patients (Pro: n=4730; Pro+Dex: n=765), the Pro+Dex regimen was associated with lower 28-day mortality
(adjusted HR: 0.45, 95% CI: 0.36-0.56; P < 0.001) and a markedly reduced incidence of delirium (adjusted OR: 0.28, 95% CI:
0.21-0.37; P < 0.001), but with a modestly longer ICU stay (13.07 vs 10.60 days; adjusted ratio: 1.23, 95% CI: 1.18-1.29). Mechanical
ventilation duration did not differ significantly between groups (154.79 vs 157.64 hours; adjusted ratio: 0.98, 95% CI: 0.92-1.05).
Longitudinal mixed-effects models suggested a more stable MAP trajectory and lower HR with Pro+Dex, while SpO, was slightly
lower on average but remained stable over time. Subgroup analyses were broadly consistent with the overall cohort. In the external
validation cohort, Pro+Dex was also associated with significantly lower 28-day mortality, whereas the reduction in delirium incidence
did not reach statistical significance.

Conclusion: In this large real-world multicenter study, combination sedation with propofol and dexmedetomidine was associated with
lower 28-day mortality and a lower risk of delirium, without a significant difference in mechanical ventilation duration, although ICU
length of stay was modestly longer.
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Introduction

Mechanical ventilation (MV) is a cornerstone life-support intervention in the intensive care unit (ICU)." By maintaining
adequate gas exchange in patients with respiratory failure, severe infection, or multiple organ dysfunction, MV has
become a cornerstone of modern critical care and has substantially improved survival.” However, its implementation is
often complicated by anxiety, agitation, discomfort, and patient-ventilator asynchrony, which can precipitate accidental
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extubation, hemodynamic instability, and treatment failure.” To address these challenges, sedation is routinely
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administered to improve patient comfort, facilitate ventilator synchrony, and minimize adverse events, thereby ensuring
the safe and effective delivery of MV.*

The choice of sedative agent can significantly influence patient outcomes, including the duration of mechanical
ventilation, the incidence of delirium, and ICU length of stay.” Propofol, one of the most commonly used sedatives in the
ICU, provides rapid onset and easy titration, but its use may be limited by dose-dependent hypotension and myocardial
depression.® These effects are particularly concerning in mechanically ventilated patients with hemodynamic instability,
such as those with septic shock, acute respiratory distress syndrome (ARDS), or decompensated heart failure.”®
Dexmedetomidine, a selective ay-adrenergic agonist, offers light, arousable sedation with minimal respiratory
depression.” It has been associated with a reduced incidence of ICU delirium and may provide more favorable
hemodynamic stability compared with y-aminobutyric acid (GABA)-ergic agents.'® Because propofol and dexmedeto-
midine have distinct pharmacologic profiles, combining these agents may allow dose reduction of each drug while
maintaining effective sedation.'' However, dexmedetomidine is also associated with adverse effects such as bradycardia
and delayed recovery related to its context-sensitive half-life.'* In addition, prolonged or dual-agent sedation may be
associated with longer ICU stays and greater resource utilization.'®> Although several studies have evaluated dexmede-
tomidine-based sedation strategies in critically ill patients, direct comparative evidence between propofol monotherapy
and a propofol-dexmedetomidine combination strategy in mechanically ventilated ICU populations remains limited.
Existing studies have also been constrained by modest sample sizes, narrower comparator frameworks, or limited
assessment of clinically relevant outcomes.

Therefore, we conducted a retrospective multicenter cohort study using two large public critical care databases and an
independent hospital cohort to compare propofol monotherapy with propofol plus dexmedetomidine in mechanically
ventilated ICU patients. We aimed to evaluate their associations with 28-day all-cause mortality, delirium, ICU length of
stay, duration of mechanical ventilation, and longitudinal trajectories of hemodynamic and oxygenation parameters.

Methods
Study Design and Data Source

This retrospective multicenter cohort study utilized data from two large, publicly available critical care databases and an
additional cohort from a large tertiary teaching hospital in China (Nanjing Drum Tower Hospital): MIMIC-IV (version
3.1, Beth Israel Deaconess Medical Center, 2008—2022) and the eICU Collaborative Research Database (eICU-CRD,
version 2.0, 2014-2015). Access to both databases was granted after completion of the required National Institutes of
Health (NIH) and Collaborative Institutional Training Initiative (CITI) courses on human research protection. The use of
these de-identified public datasets was approved by the institutional review boards of the contributing institutions, with
a waiver of individual informed consent owing to the retrospective and anonymized nature of the databases. The study
utilizing data from Nanjing Drum Tower Hospital was approved by the Institutional Ethics Committee of Nanjing Drum
Tower Hospital (Approval Number: 2023-488-02). Patient consent to review their medical records was not required by
the Institutional Ethics Committees of Nanjing Drum Tower Hospital because this was a retrospective study using
existing clinical records. Patient data confidentiality was strictly protected throughout the study. The study protocol
complied with the Declaration of Helsinki.

Study Population and Eligibility Criteria

Patients were eligible for inclusion if they were adults aged 18 years or older at ICU admission and met all of the
following criteria: (1) admission to an intensive care unit with receipt of invasive mechanical ventilation; (2) initiation of
continuous intravenous sedation with propofol, either as monotherapy or in combination with dexmedetomidine; and (3)
continuation of mechanical ventilation under the same sedation strategy for at least 48 consecutive hours after sedation
initiation. A landmark design was applied, and cohort entry was defined as the 48-hour landmark time after sedation
initiation to ensure stable classification of sedation strategy and appropriate temporal alignment between exposure and
outcome follow-up. This approach is consistent with landmark analysis methodology for handling time-dependent
treatment classification and reducing time-related bias."*
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Patients were excluded if they met any of the following criteria: (1) age <18 years at ICU admission; (2) multiple ICU
admissions during the same hospitalization (only the first ICU stay was included); or (3) discontinuation of invasive
mechanical ventilation, ICU discharge, or death within the first 48 hours after sedation initiation, precluding assignment
to a stable sedation strategy. Patients who did not survive to the predefined landmark time were not eligible for cohort
entry, as outcome follow-up was initiated only after exposure classification was complete.

Exposure Definition and Covariate Collection

The primary exposure of interest was the ICU sedation strategy, defined according to the use of propofol either as
monotherapy or in combination with dexmedetomidine during mechanical ventilation. In routine ICU practice, dexme-
detomidine is commonly initiated as part of a planned multimodal sedation approach rather than exclusively as a rescue
agent. Accordingly, this study aimed to compare two clinically meaningful sedation strategies instead of isolated drug
exposure.

Sedation regimens were classified into two mutually exclusive groups. The propofol monotherapy group (Pro)
consisted of patients who received continuous intravenous propofol infusion without any overlapping administration of
dexmedetomidine during the exposure window. The combination sedation group (Pro+Dex) included patients who
received concurrent continuous infusions of propofol and dexmedetomidine with a sustained overlap of at least 48
consecutive hours, ensuring stable exposure to the combination strategy and excluding transient or intermittent add-on
use.

Consistent with the landmark design used for cohort entry, exposure classification was based on sedation administered
during the first 48 hours after sedation initiation. Only patients who remained invasively mechanically ventilated and
continued the same sedation strategy throughout this 48-hour window were eligible for exposure assignment. The index
time for outcome follow-up was defined as the 48-hour landmark time after sedation initiation, thereby ensuring temporal
alignment between exposure definition and subsequent outcome assessment.

Sedative medications were identified using medication administration and infusion records from the MIMIC-IV and
elCU Collaborative Research Database, as well as electronic medical records from Nanjing Drum Tower Hospital. For
each sedative agent, start and stop times of infusion episodes were extracted to determine exposure duration and overlap.
Data extraction was performed using Structured Query Language (SQL) in PostgreSQL (version 8.2) and managed with
Navicat Premium (version 17). The following variables were collected for each patient: (1) Demographic characteristics:
age, sex, body mass index (BMI), and race; (2) Comorbidities: hypertension, sepsis, coronary artery disease (CAD),
diabetes mellitus, chronic obstructive pulmonary disease (COPD), arrhythmia and ischemic stroke; (3) Medication
exposure during the ICU stay: analgesics (eg, fentanyl, morphine), other sedatives (eg, midazolam, lorazepam),
antihypertensive agents (eg, calcium channel blockers, angiotensin-converting enzyme inhibitors, and angiotensin 1I
receptor blockers, diuretics), f-adrenoceptor antagonists (B-blockers), and vasoactive agents; (4) Severity of illness and
comorbidity burden were evaluated using the Acute Physiology Score III (APS III) score and Charlson Comorbidity
Index (CCI), respectively. In MIMIC-1V, both APS III score and CCI were available in dedicated tables and were
extracted directly. APS III score was based on the first measurements recorded after ICU admission. In eICU-CRD, APS
III score was derived from the severity scoring table using initial ICU data. Since eICU-CRD did not provide
a predefined CCI, the CCI for each patient was calculated retrospectively from documented diagnostic codes and relevant
laboratory findings according to the standard Charlson algorithm. For the Nanjing Drum Tower Hospital cohort, APS III
and CCI were likewise computed in accordance with internationally accepted scoring standards; (5) Laboratory para-
meters: serum creatinine and creatinine clearance (CrCl). Renal function was estimated using the Cockcroft-Gault
formula. This formula may overestimate or underestimate renal function in patients with extreme body composition;
(6) Average propofol infusion rate: calculated as the total cumulative propofol dose divided by the duration of propofol
infusion (hours) and body weight, yielding a weight-standardized average rate (mg/kg/h). Patients were categorized into
quartiles (Q1-Q4) based on the interquartile range of infusion rates to form propofol dose groups. Duration of propofol
administration (hours): defined as the total time interval during which continuous propofol infusion was recorded, from
the initiation to the discontinuation of propofol administration; (7) Physiological data: baseline mean arterial pressure
(MAP), oxygen saturation (SpO,), and heart rate (HR), defined as the first recorded measurements during ICU admission.
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Clinical Endpoints

The primary outcome was 28-day all-cause mortality, defined as death from any cause occurring within 28 days after
cohort entry (ie, the 48-hour landmark time after sedation initiation). Secondary outcomes included incident delirium,
ICU length of stay, duration of mechanical ventilation, and longitudinal changes in physiological parameters. Incident
delirium was defined as the first occurrence of delirium after cohort entry (the 48-hour landmark time) among patients
without documented delirium before that time. In MIMIC-1V and eICU, delirium was identified using structured CAM-
ICU assessments, whereas in the Nanjing Drum Tower Hospital cohorts, delirium was ascertained based on available
clinician documentation. ICU length of stay (days) and duration of mechanical ventilation (hours) were assessed as post-
exposure utilization outcomes and interpreted in the context of survival. To evaluate the temporal effects of sedation
strategies on physiological stability, MAP, HR, and SpO, were extracted at 4-hour intervals after cohort entry during
ongoing sedation and mechanical ventilation. The average value within each interval was calculated for longitudinal

modeling.

Statistical Analysis

Continuous variables were summarized as mean + standard deviation (SD) or median with interquartile range (IQR), as
appropriate, and categorical variables were presented as counts and percentages. Baseline characteristics between
sedation strategy groups were compared using the ¢ test or Mann—Whitney U-test for continuous variables and the chi-
square test or Fisher’s exact test for categorical variables. Standardized mean differences (SMDs) were calculated to
assess baseline balance, with an SMD < 0.1 considered indicative of acceptable balance.

All time-to-event and regression analyses were anchored at cohort entry, defined as the 48-hour landmark time after
sedation initiation. This landmark approach ensured that sedation strategy classification was completed before follow-up
began, thereby improving temporal alignment between exposure assignment and outcome assessment and reducing the
risk of immortal time bias.

Missing values in baseline covariates and laboratory variables were handled using multiple imputation by chained
equations (MICE) under the assumption of missing at random. Variables included in the imputation model comprised all
baseline demographic characteristics, comorbidities, illness severity scores, laboratory measurements, physiological
parameters, exposure indicators, and outcomes. Five imputed datasets were generated, and estimates were pooled
using Rubin’s rules to obtain final effect estimates and standard errors.

The primary outcome, 28-day all-cause mortality, was analyzed using Kaplan—Meier survival curves and compared
between groups using the Log rank test. Multivariable Cox proportional hazards regression models were used to estimate
hazard ratios (HRs) and 95% confidence intervals (Cls) for the association between sedation strategy and mortality.
Proportional hazards assumptions were assessed using Schoenfeld residuals and were not materially violated. Covariate
adjustment was performed using a hierarchical modeling strategy: Model 1 adjusted for demographic variables; Model 2
additionally adjusted for comorbidities, renal function, and concomitant medications; and Model 3 further adjusted for
illness severity (APS III), CCI, and baseline physiological parameters (MAP, HR, and SpO,). Multicollinearity among
covariates was assessed using variance inflation factors (VIFs), with no evidence of problematic collinearity observed.

Incident delirium was analyzed using multivariable logistic regression models and reported as odds ratios (ORs) with
95% Cls. Delirium analyses were restricted to patients without documented delirium prior to cohort entry. Logistic
regression was chosen because the exact timing of delirium onset was not uniformly available across datasets,
particularly in the elCU-CRD and external validation cohort. The same hierarchical covariate adjustment strategy used
for the mortality analyses was applied.

ICU length of stay (days) and duration of mechanical ventilation (hours) were analyzed as post-exposure healthcare
utilization outcomes using generalized linear models (GLMs) with a Gamma distribution and log-link function, given
their right-skewed distributions and strictly positive values. Adjusted predicted mean values and ratios comparing the Pro
+Dex and Pro groups were estimated with corresponding 95% Cls. These outcomes were interpreted in the context of
survival rather than as direct causal effects.
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To evaluate longitudinal changes in physiological parameters, linear mixed-effects models (LMMs) were fitted for
MAP, HR, and SpO,. Repeated measurements were extracted at 4-hour intervals after cohort entry during ongoing
sedation and invasive mechanical ventilation. Time, sedation strategy, and their interaction were included as fixed effects,
with random intercepts and random slopes for time specified at the patient level to account for within-subject correlation.
Models were estimated using restricted maximum likelihood (REML), and model adequacy was assessed using residual
diagnostics and Akaike Information Criterion (AIC). Model-based predicted trajectories and 95% Cls were generated for
visualization.

Prespecified subgroup analyses were conducted to explore the consistency of associations across clinically relevant
strata, including age (< 65 vs > 65 years), sex, renal function (CrCl > 90, 30-89, < 30 mL/min), APS III score (< 70 vs >
70), CCI (< 4 vs > 4), presence of sepsis, and propofol infusion rate categories. Interaction terms between sedation
strategy and subgroup variables were incorporated into regression models to assess effect modification.

Sensitivity analyses were performed to evaluate the robustness of the primary findings and included: (1) propensity
score-matched analyses using 1:2 nearest-neighbor matching with a caliper of 0.05; (2) analyses stratified by data source
(MIMIC-IV vs elCU-CRD); and (3) multivariable Cox regression models for ICU mortality. External validation was
conducted using an independent cohort from Nanjing Drum Tower Hospital with harmonized eligibility criteria and
variable definitions. These additional analyses were intended to assess the consistency and robustness of the observed
associations rather than to generate independent causal estimates.

All statistical analyses were performed using R software (version 4.5.0). A two-sided P value <0.05 was considered
statistically significant.

Results

Patient Characteristics

A total of 5495 mechanically ventilated ICU patients were included, comprising 4730 in the Pro group and 765 in the Pro
+Dex group (Table 1). Among these patients, 1890 were from the MIMIC-IV database and 3605 were from the eICU
database (Table S1). Additionally, an external validation cohort from Nanjing Drum Tower Hospital included 731
patients, with 224 in the Pro group and 507 in the Pro+Dex group (Table S2). Overall, patients in the Pro+Dex group
were younger and had a lower proportion of females. The distribution of comorbidities was largely comparable between
groups, except for a lower prevalence of diabetes mellitus in the Pro+Dex group. Notably, the Pro+Dex group showed
higher use of concomitant medications, including analgesic, other sedatives, antihypertensives, 3-blockers, and vasoac-
tive agents. Patients in the Pro+Dex group had a longer duration of propofol infusion and were more frequently classified
in the highest quartile of infusion rate (> 1.18 mg/kg/h). Better renal function (CrCl > 90 mL/min) and a lower CCI were
observed in the Pro+Dex group, whereas APS III scores were comparable between the two groups. Baseline physiolo-
gical parameters were largely comparable, except for a slightly higher heart rate in the Pro+Dex group.

Study Outcomes

Figure 1A shows the Kaplan-Meier survival curves for 28-day mortality. Patients in the Pro+Dex group had significantly
lower mortality than those in the Pro group (log-rank P < 0.001). In multivariable Cox proportional hazards models
(Figure 1B), the Pro+Dex group was consistently associated with reduced 28-day mortality across all adjustment levels.
The adjusted HRs for the Pro+Dex group versus the Pro group were 0.51 (95% CI: 0.41-0.62) in Model 1, 0.44 (95% CI:
0.35-0.54) in Model 2, and 0.45 (95% CI: 0.36-0.56) in Model 3, indicating a robust survival benefit. Similarly, in
multivariable logistic regression analysis (Figure 1C), the Pro+Dex group was associated with a substantially lower risk
of incident delirium. The adjusted ORs were 0.52 (95% CI: 0.40-0.66) in Model 1, 0.37 (95% CI: 0.28-0.47) in Model 2,
and 0.28 (95% CI: 0.21-0.37) in Model 3.

As shown in Table 2, in the GLMs with a Gamma distribution and log-link function, patients in the Pro+Dex group
had a significantly longer ICU length of stay than those in the Pro group (adjusted mean 13.07 vs 10.60 days, ratio: 1.23,
95% CI: 1.18-1.29, P < 0.001). In contrast, the duration of mechanical ventilation did not differ significantly between the
two groups (adjusted mean 154.79 vs 157.64 hours, ratio: 0.98, 95% CI: 0.92-1.05, P = 0.614).
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Table | Baseline Characteristics of the Study Population

Characteristic Pro (n=4730) | Pro+Dex (n=765) | SMD
Age (years) 63.12 £ 15.96 56.85 + 15.54 0.398
Sex, n (%) 0.214
Male 2735 (57.82) 521 (68.10)
Female 1995 (42.18) 244 (31.90)
BMI 29.28 + 7.86 28.97 +7.08 0.042
Race, n (%) 0.086
White 3300 (69.77) 541 (70.72)
Black 462 (9.77) 58 (7.58)
Asian 75 (1.59) 10 (1.31)
Other 893 (18.88) 156 (20.39)
Comorbidities, n (%)
Hypertension 1531 (32.37) 214 (27.97) 0.094
Sepsis 1512 (31.97) 278 (36.34) 0.092
History of CAD 875 (18.50) 126 (16.47) 0.053
Diabetes mellitus 841 (17.78) 91 (11.90) 0.166
COPD 521 (11.01) 83 (10.85) 0.005
Arrhythmia 1283 (27.12) 194 (25.36) 0.040
History of Stroke 504 (10.66) 67 (8.76) 0.064
Concomitant medications, n (%)
Analgesics 3352 (70.87) 659 (86.14) 0.378
Other sedatives 2828 (59.79) 616 (80.52) 0.500
Antihypertensive agents 2552 (53.95) 523 (68.37) 0.299
B-blockers 1964 (41.52) 390 (50.98) 0.191
Vasoactive agents 2137 (45.18) 448 (58.56) 0.270
Propofol rate category, n (%) 0315
<0.19 mgl/kg/h 1194 (25.24) 180 (23.53)
0.20-0.41 mg/kg/h 1186 (25.07) 188 (24.58)
0.42-1.17 mglkg/h 1247 (26.36) 126 (16.47)
1.18-11.12 mglkg/h 1103 (23.32) 271 (35.42)
Duration of propofol infusion (hours) | 139.66 + 124.88 223.14 + 136.00 0.639
CrCl category, n (%) 0.315
290 mL/min 1847 (39.05) 355 (46.41)
30-89 mL/min 2273 (48.05) 330 (43.14)
<30 mL/min 610 (12.90) 80 (10.46)
APS Il score 70.15 + 29.42 67.99 £ 30.24 0.072
CcCl 4.35 +2.50 3.61 £254 0.291
HR (bpm) 93.68 + 22.24 96.62 £ 22.29 0.132
SpO, (%) 96.58 + 4.99 96.61 £ 4.10 0.006
MAP (mmHg) 86.10 £ 21.23 86.82 + 20.57 0.035

Abbreviations: Pro, propofol monotherapy; Pro+Dex, propofol plus dexmedetomidine combination; MAP,
mean arterial pressure; HR, heart rate; SpO,, oxygen saturation; APS Ill, Acute Physiology Score Ill; CCl,
Charlson Comorbidity Index; CrCl, creatinine clearance; BMI, body mass index; CAD, coronary artery disease;
COPD, chronic obstructive pulmonary disease.

Longitudinal analysis using LMMs revealed distinct temporal trajectories of MAP, HR, and SpO, between the Pro
and Pro+Dex groups (Figure 2). The detailed model outputs are provided in Tables S3—S5. MAP was significantly lower
in the Pro+Dex group (Estimate = —5.520, P < 0.001), with a more stable trajectory over time, while the Pro group
showed a gradual increase (group x time spline 1: Estimate = —2.962, P = 0.002). SpO, was slightly lower overall in the
Pro+Dex group (Estimate = —0.899, P < 0.001), but significant positive time interactions (all P < 0.05) indicated stable
oxygenation compared with an early decline and recovery pattern in the Pro group. HR was also lower in the Pro+Dex
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Figure | Kaplan-Meier survival curves and multivariable regression analyses comparing the Pro group and Pro+Dex group. (A) 28-day mortality; (B) Cox models for 28-day
mortality; (C) Logistic regression models for delirium.

group (Estimate = —4.398, P < 0.001), with significant group x time interactions (all P < 0.05) showing an early HR
reduction followed by gradual convergence between groups.

Subgroup Analysis

Subgroup analyses of 28-day mortality and delirium were conducted to evaluate the consistency of treatment effects
across various clinical subgroups (Figure 3). For 28-day mortality (Figure 3A), the survival benefit associated with the
Pro+Dex combination was consistent across all examined subgroups, including age, gender, renal function, APS III
score, CCI, sepsis, and propofol infusion rate, with no significant interactions observed (all P for interaction > 0.05). For
delirium (Figure 3B), subgroup interaction analysis revealed no significant effect modification by age, gender, renal
function, or propofol infusion rate (all P for interaction > 0.05), except for the APS III score, where the preventive effect
of Pro+Dex was more pronounced among patients with lower APS III score (P for interaction = 0.026). These results
demonstrated that the beneficial effects of the Pro+Dex combination on 28-day mortality and delirium were generally
robust and consistent across heterogeneous patient subgroups.

External Validation and Sensitivity Analysis

The robustness of these findings was supported by external validation and multiple sensitivity analyses. In the Nanjing
Drum Tower Hospital cohort, the Pro+Dex strategy was associated with a lower 28-day mortality (HR 0.56, 95% CI
0.34-0.93), whereas the reduction in delirium was not statistically significant (OR 0.79, 95% CI 0.46—1.38). In the
propensity score-matched cohort, the survival and delirium benefits associated with Pro+Dex remained significant

Table 2 Generalized Linear Model Analysis of ICU Length of Stay and Mechanical Ventilation Duration According to
Sedation Strategy

Item Groups | Value | 95% CI Ratio vs Pro | 95% CI P value
ICU length of stay (days) Pro 10.60 10.21-11.02 Reference

Pro+Dex | 13.07 12.43-13.79 1.23 1.18-1.29 | <0.001
Mechanical ventilation duration (hours) | Pro 157.64 | 148.31-167.63 | Reference

Pro+Dex | 154.79 | 141.91-168.89 | 0.98 0.92-1.05 | 0.614

Abbreviations: ICU, Intensive Care Unit; Pro, propofol monotherapy; Pro+Dex, propofol plus dexmedetomidine combination.

Therapeutics and Clinical Risk Management 2026:22

https:



Qi et al

120
Observed Value
S = Pro
:u:’ 90 = Pro+Dex
£
£ Predicted Value
~ — Pro
& -- Pro+Dex
= 95%CI
60 Pro
Pro+Dex
30
O % B0 X RV 0 1 W R P PAVAL & P S PSP HeO R
Time (hours)
100 Observed Value
LOLALAL AL AL LA LA LD U D] %P
| L I Pro+Dex
X I MR .
< kil o ! Predicted Value
N — Pro
OQ- 95 T -- Pro+Dex
(7] 95%ClI
Pro
Pro+Dex
90
85
O % LDk R o0 1O W P P P PRV D P P IV P OSSN ®
Time (hours)
140
- Observed Value
= Pro
g_wo | ) = Pro+Dex
e}
Y e ‘ il ’ ’ ’ T ‘ ’ ’ ‘ ‘ ‘”J Predicted Value
% LT P o F1 e i FI L Elo Pl P P M R PR A L e T EdEaEa i
[0'4 -- Pro+Dex
E 95%CI
D 60 Pro
I Pro+Dex
20

AR ENENT D S R R T o SN S S XN AN ARAS AN 4
Time (hours)

Figure 2 Longitudinal trajectories of (A) MAP, (B) SpO, and (C) HR during sedation. Boxplots represent observed values, while solid lines and shaded areas indicate linear
mixed model (LMM)-estimated trends and corresponding 95% confidence intervals.
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Subgroup HR (95%Cl) P for interaction
Age 0.303
<65 HIH 0.50 (0.38-0.66)
> 65 - 0.42 (0.30-0.59)
Gender 0.799
Female HaH 0.48 (0.34-0.69)
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Figure 3 Subgroup analyses of 28-day mortality (A) and delirium (B).
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(mortality: HR 0.47, 95% CI 0.38-0.60; delirium: OR 0.39, 95% CI 0.20-0.51); baseline characteristics after matching
are shown in Table S6. Multivariable Cox regression for ICU mortality yielded similar results, and associations were
consistent in analyses stratified by data source (MIMIC-IV vs elCU-CRD), further supporting the robustness and
generalizability of the findings. All stratified, sensitivity, and external validation results are summarized in Table S7.

Discussion

In this large multicenter retrospective cohort study, the use of combined propofol and dexmedetomidine for continuous
sedation in mechanically ventilated ICU patients was associated with significantly lower 28-day mortality and a reduced
incidence of delirium compared with propofol monotherapy. These associations remained generally consistent across
multivariable adjustment, subgroup analyses, and sensitivity analyses, supporting the robustness of the primary findings.
Importantly, the survival benefit was also reproduced in the external validation cohort from Nanjing Drum Tower
Hospital, supporting the generalizability of the mortality finding. However, patients in the Pro+Dex group had a modestly
longer ICU length of stay, whereas the duration of mechanical ventilation was similar between groups. This finding may
plausibly relate to the distinct pharmacologic and bedside management profile of dexmedetomidine-based sedation,
which provides a more arousable sedation state and is associated with a higher risk of bradycardia, potentially influencing
monitoring needs, sedation titration, and the trajectory of ICU recovery.'>'® At the same time, prior comparative studies
have not shown a consistent increase in ICU length of stay with dexmedetomidine versus propofol, so this association
should be interpreted cautiously as a management-related clinical finding rather than a direct harmful effect of the drug
itself.'® Taken together, these findings support the conclusion that the propofol-plus-dexmedetomidine strategy was
associated with lower 28-day mortality and lower delirium risk, while its association with ICU length of stay should be
interpreted more cautiously.

To reduce potential bias and strengthen the robustness of the observed associations, our primary analysis used
hierarchical multivariable models incorporating baseline illness severity and physiologic parameters, and the findings
were further supported by sensitivity analyses and external validation. Although dexmedetomidine is widely used for
ICU sedation due to its favorable pharmacologic profile, its effect on mortality remains controversial. Several rando-
mized controlled trials (RCTs) have examined its impact, yielding inconsistent results. Early studies such as the MENDS
trial suggested a potential mortality benefit, particularly in septic patients, where dexmedetomidine was associated with
a lower 28-day mortality compared to lorazepam.'” However, subsequent larger trials, including the MIDEX, PRODEX
and SPICE III trials, found no significant differences in ICU or long-term mortality when comparing dexmedetomidine to
standard agents like propofol or midazolam.'®'® Notably, SPICE III revealed age-related heterogeneity: older patients
(>65 years) exhibited a trend toward improved survival with dexmedetomidine, whereas younger patients experienced
slightly worse outcomes.'®> Meta-analyses have further clarified these discrepancies. While dexmedetomidine appeared to
reduce mortality compared to benzodiazepines, no such advantage was observed when compared with propofol.”'”
Additionally, dexmedetomidine may offer greater benefit in patients with lower illness severity, as reflected in studies
showing improved outcomes in lower APACHE IV quartiles.”* Dexmedetomidine often showed benefit over benzodia-
zepines but not over propofol, a sedative with an already favorable safety profile.”' Trials such as SPICE III included
broad ICU cohorts, including younger or postoperative patients requiring deep sedation, which dexmedetomidine alone
may not adequately provide.'® This led to frequent crossover and adjunctive sedative use, diluting treatment effects.
Moreover, illness severity further modified treatment response. Patients with preserved organ function may benefit more
from sympatholytic and anti-inflammatory effects of dexmedetomidine, while sicker patients may see limited or no
benefit.>? Importantly, our study did not compare dexmedetomidine monotherapy with propofol monotherapy. Rather, it
evaluated a multimodal sedation strategy combining dexmedetomidine with propofol, which may offer complementary
rather than isolated drug effects in routine ICU practice. Some prior studies have specifically examined propofol-
dexmedetomidine combination strategies rather than dexmedetomidine monotherapy alone. In a propensity-matched
cohort of mechanically ventilated ICU patients, adjunctive dexmedetomidine added to propofol did not significantly
improve major clinical outcomes, suggesting that the benefits of combination sedation may not be uniform across
settings. In addition, concomitant dexmedetomidine and propofol has been associated with a higher incidence of
hypotensive events in mechanically ventilated ICU patients, indicating that combination therapy may involve both
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potential benefits and hemodynamic trade-offs.”>* Taken together with the broader high-impact literature on dexmede-
tomidine-based ICU sedation, these findings suggest that the comparative effects of propofol-plus-dexmedetomidine
strategies remain clinically important but incompletely defined.'” The observed association with lower mortality may
plausibly relate to the complementary pharmacologic profiles of the two agents. Dexmedetomidine’s sympatholytic and
anti-inflammatory properties can offset propofol-induced hypotension and myocardial depression, promoting hemody-
namic stability.”>~° Dexmedetomidine may also exert neuroprotective effects that are relevant to vulnerable critically ill
patients, although this interpretation remains hypothesis-generating in the context of our observational study.*’-**

Delirium reduction was another important finding of this study. Dexmedetomidine promotes a sleep-like sedative state
via locus coeruleus inhibition while preserving respiratory drive and circadian rhythms, which may protect against
neurocognitive dysfunction.?” In addition, its anti-inflammatory and anti-oxidative actions have been shown to attenuate
neuroinflammation, a key driver of ICU delirium.*® The greater delirium prevention observed among patients with lower
APS 1II score suggested that the benefits of dexmedetomidine may be attenuated in severe systemic illness, where
metabolic and inflammatory disturbances predominate.'® Recent clinical guidance supports the use of dexmedetomidine
in mechanically ventilated adult ICU patients when delirium reduction is considered a key priority.' Similarly, the
SEDCOM study found a lower prevalence of delirium in patients receiving dexmedetomidine versus midazolam.** Meta-
analyses have further confirmed these findings, indicating that dexmedetomidine reduced both the incidence and duration
of delirium, particularly in elderly and high-risk patients. Collectively, these data supported the use of dexmedetomidine
as a delirium-sparing sedative strategy in critically ill patients.*?

However, no significant difference in delirium incidence was observed between the two sedation groups in the eICU
database. The unexpectedly low incidence of delirium observed in the eICU database likely reflects limitations in data
capture rather than true clinical differences. Unlike the single-center MIMIC database with standardized and frequent
CAM-ICU assessments, the multicenter eICU database includes hospitals with heterogeneous delirium screening
practices and inconsistent documentation. Collectively, these factors likely led to attenuation of the observed association
between the propofol-dexmedetomidine combination and delirium risk. Similarly, in the external validation cohort,
although delirium incidence was directionally lower in the Pro+Dex group, the difference did not reach statistical
significance.

Linear mixed-effects model analysis revealed distinct temporal patterns in physiologic parameters between groups.
Although MAP differences varied over time, the Pro group showed an early upward trend, while the Pro+Dex group
maintained greater stability, suggesting improved autonomic regulation with dexmedetomidine. SpO, declined slightly in
the Pro group but remained stable with Pro+Dex, likely reflecting dexmedetomidine’s minimal respiratory depression.>*
Dexmedetomidine, via central ay-adrenergic agonism, modulates key physiologic parameters.>” In the SEDCOM trial, it
reduced tachycardia and hypertension compared with midazolam while maintaining stable MAP and SpO,.>' Compared
with propofol, it was associated with less hypotension requiring vasopressors and fewer respiratory complications. Jakob
et al reported a smaller MAP drop with dexmedetomidine (23 mmHg vs —29 mmHg for propofol).'> Notably,
dexmedetomidine preserved spontaneous ventilation and airway tone, supporting stable oxygenation even during
prolonged use. These features are particularly beneficial in elderly or frail patients with limited respiratory reserve.*®
Overall, dexmedetomidine offers a favorable balance of hemodynamic and respiratory stability.?”

Clinically, our findings suggest that the propofol-plus-dexmedetomidine strategy may provide a pragmatic balance
between sedation adequacy, hemodynamic tolerance, and delirium risk in mechanically ventilated ICU patients.
However, given the observational design, these findings should be interpreted as supportive of a clinically relevant
association rather than definitive evidence of treatment superiority.

This study has several limitations that warrant consideration. First, as a retrospective observational study, it cannot
establish causality. To reduce potential bias, we used hierarchical multivariable adjustment in the primary analysis, and
further assessed the robustness of the findings through propensity score matching and external validation in an
independent cohort, particularly given the substantial difference in sample size between the Pro and Pro+Dex groups.
Furthermore, because this study compared propofol monotherapy with a propofol-plus-dexmedetomidine strategy and did
not include a dexmedetomidine-only group, the present findings should not be interpreted as evidence of the isolated
effect of dexmedetomidine itself. Second, differences in data structure and documentation between the MIMIC-IV and
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elCU databases may introduce heterogeneity. In particular, delirium assessments in the eICU database were inconsis-
tently recorded across centers, often limited to admission or discharge evaluations, which likely led to underestimation of
its true incidence and attenuation of the observed associations. Third, although the mortality association was externally
validated using the Nanjing Drum Tower Hospital cohort, this validation was based on a single-center dataset with
a relatively small sample size; moreover, delirium ascertainment relied primarily on physicians’ daily ward-round
documentation with low assessment frequency, which may have resulted in under-detection and reduced power to detect
group differences. Fourth, sedation depth, cumulative dexmedetomidine exposure, time-varying hemodynamic variables,
and differences in nursing care strategies were not fully standardized, which may have affected comparability between
groups. Finally, long-term cognitive and functional outcomes after ICU discharge were not captured, limiting the
assessment of persistent neurocognitive benefits. Future prospective studies integrating continuous sedation depth
monitoring and standardized delirium screening are needed to validate these findings and further clarify the comparative
effects of different ICU sedation strategies.

Conclusion

In this retrospective multicenter cohort study, the propofol-plus-dexmedetomidine strategy was associated with lower 28-
day mortality and lower delirium risk than propofol monotherapy, without a significant difference in mechanical
ventilation duration, although ICU length of stay was longer and should be interpreted cautiously.
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