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Background: Dexmedetomidine is recommended for sedation in patients on mechanical ventilation. Whether age or ICU types could alter mortality in invasive mechanically ventilated patients with sepsis receiving dexmedetomidine is unknown.
Methods: We included patients with sepsis receiving invasive mechanical ventilation from the Medical Information Mart for Intensive Care IV database. The exposure was intravenous dexmedetomidine administration during ICU stay. The primary outcome was 28-day mortality. The secondary outcomes were the length of ICU stay and liberation from invasive mechanical ventilation. Propensity score matching (PSM) and Cox proportional hazards regression were used to adjust for confounders and investigate any association. Restricted cubic spline models were used to evaluate potential nonlinear associations.
Results: The pre-matched and propensity score-matched cohorts included 5,871 and 2016 patients, respectively. In the PSM cohorts, dexmedetomidine exposure was related to lower 28-day mortality (186 [17.7%] vs. 319 [30.3%]; p < 0.001). Patients receiving dexmedetomidine, regardless of whether they were younger (≤65 years; hazard ratio [HR], 0.31; 95% confidence interval [CI], 0.23–0.42; p < 0.001) or elderly (>65 years; HR, 0.65; 95% CI, 0.52–0.83; p < 0.001), was associated with lower 28-day mortality (61 [10.3%] vs. 168 [28.2%] for younger; 125 [27.2%] vs. 152 [33.0%] for elderly). Patients receiving dexmedetomidine was also associated with lower 28-day mortality (53 [12.6%] vs. 113 [26.5%] for surgical intensive care unit [SICU]; 133 [21.0%] vs. 206 [32.9%] for non-SICU) regardless of whether the first admission to the SICU (HR, 0.36; 95% CI, 0.25–0.50; p < 0.001) or non-SICU (HR, 0.50; 95% CI, 0.40–0.62; p < 0.001). Moreover, both dose and duration of dexmedetomidine administration were related to lower 28-day mortality than no dexmedetomidine in younger patients (p < 0.001), but it not statistically significant in elderly patients.
Conclusion: Dexmedetomidine was associated with lower 28-day mortality in critically ill patients with sepsis receiving invasive mechanical ventilation, regardless of whether patients were younger or elderly, the first admission to the SICU or non-SICU.
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1 INTRODUCTION
Sepsis is considered the main cause of increased healthcare costs and in-hospital mortality worldwide. More than 20 million patients with sepsis have severe organ dysfunction, of which at least 20% receive mechanical ventilation (Fleischmann et al., 2016; Dhital et al., 2018). Dexmedetomidine or propofol was recommended for sedation in patients requiring mechanical ventilation (Devlin et al., 2018) to relieve anxiety, enhance comfort, and prevent agitation-related harm.
Dexmedetomidine has been shown to have anti-inflammatory and organ-protective effects superior to those of propofol in animals and humans (Lankadeva et al., 2021; Mei et al., 2021). Dexmedetomidine has also been reported to decrease the infection rate and short-term mortality in patients (Pandharipande et al., 2007; 2010). However, several recent studies have suggested that age, operative status, and ICU types can influence dexmedetomidine’s effects. As a result of a secondary analysis of the SPICE III trial, mechanically ventilated elderly (>65 years) patients treated with dexmedetomidine showed a high probability of reduced 90-day mortality regardless of operative or non-operative status. But younger patients (≤65 years) with non-operative status were at a higher probability of 90-day mortality (Shehabi et al., 2021). Based on the post-hoc analysis of the DESIRE III trial, dexmedetomidine could provide a superior quality of sedation compared to other sedatives in elderly (≥71 years) sepsis patients who require ventilation (Sato et al., 2021). A recent meta-analysis also suggested that age could affect the treatment effects of dexmedetomidine, including the incidence of adverse events and mortality (Heybati et al., 2022). However, no studies have investigated whether age or ICU type affects short-term outcomes in invasive mechanically ventilated patients with sepsis receiving dexmedetomidine.
Therefore, we designed this study to investigate whether age or ICU type could alter 28-day mortality in invasive mechanically ventilated patients with sepsis receiving dexmedetomidine.
2 MATERIALS AND METHODS
2.1 Study design and ethics approval
This retrospective observational study was based on the Medical Information Mart for Intensive Care IV (MIMIC-IV) (version 2.0) between 2008 and 2019 (Johnson et al., 2022). This database was approved by the Institutional Review Board (IRB) of the Beth Israel Deaconess Medical Center (2001-P-001699/14) and authorized by the Massachusetts Institute of Technology (No. 0403000206) (Johnson et al., 2016). The requirement for written informed consent was waived by the IRB. One author (Shuai Zhao) completed the required training courses of the Collaborative Institutional Training Initiative program and obtained access to the database (certificate number 50055865). This manuscript followed the STrengthening the Reporting of OBservational studies in Epidemiology statement for reporting cohort studies (von Elm et al., 2007).
2.2 Patient selection criteria
The inclusion criteria were patients who (1) were admitted to ICU; (2) were diagnosed with sepsis according to the Sepsis-3 criteria, that is, the patient had documented or suspected infection and a Sequential Organ Failure Assessment (SOFA) score ≥ 2 (Singer et al., 2016); and (3) received invasive mechanical ventilation (IMV). The exclusion criteria were patients who (1) aged < 18 years; (2) spent less than 24 h or more than 100 days in the ICU; (3) received IMV < 24 h; and (4) the duration of dexmedetomidine administration was < 24 h. If patients with multiple ICU admissions, only the first was considered.
2.3 Exposure and outcomes
The exposure was intravenous dexmedetomidine administration during ICU stay. Patients with a duration of dexmedetomidine administration was < 24 h were excluded. Dexmedetomidine administration was extracted from the prescriptions table. Patients who had missing data regarding dexmedetomidine exposure were excluded in the analysis. The primary outcome was 28-day mortality, defined as death observed within 28-day after ICU admission. The secondary outcomes were length of ICU stay and liberation from IMV.
2.4 Data extraction and definitions
The following variables were extracted from the MIMIC-IV database using Structured Query Language (SQL): age, sex, body mass index (BMI), admission type, type of ICU on admission, co-morbidities, laboratory tests, vital signs, SOFA score, Charlson Comorbidities Index (CCI) score, medication information, mechanical ventilation, and renal replacement therapy (RRT). The SQL are widely used for the extraction of data from MIMIC-IV database (Sun et al., 2022; Gu et al., 2023; Ning et al., 2023). The SQL script codes were available from the GitHub website (https://github.com/MIT-LCP/mimic-iv). Laboratory findings, including blood urea nitrogen (BUN) and creatinine, were collected during the first 24 h in ICU. The severity of illness and organ failure was assessed using the SOFA and CCI scores. The value related to the highest severity of illness was used if there were multiple records in the first 24 h. Adverse events within an ICU hospitalization, including hypotension and bradycardia, were identified by the International Classification of Diseases −9 or −10 codes. Medication information on dexmedetomidine and vasopressors during the ICU stay, including doses, routes, rates, and start and end times, was also collected. The duration of IMV was calculated by counting the onset to the closure of ventilator.
2.5 Statistical analyses
There was no a priori statistical analysis plan because of the retrospective nature of this study. Statistical power calculations were not performed prior to this study, and the sample size was based on available data form the data set. All continuous variables did not meet the normality criteria of distribution and were expressed as median (interquartile range (IQR)). Categorical variables are presented as numbers (%). For between-group comparisons, continuous variables were compared using the Mann-Whitney U-test. Categorical variables were compared using the Chi-squared test or Fisher’s exact test. The missing data of each variable are described in the Supplementary Table S1. Missing data were imputed using multiple imputation (Sterne et al., 2009).
Propensity score matching (PSM) was used to minimize potential confounding factors on selection bias. PSM analysis was based on a logistic regression model using the nearest-neighbor matching method (1:1) with a caliper (0.03).
The variables in the PSM model were chosen based on previous literature, including age, sex, BMI, admission type, type of ICU on admission, co-morbidities, BUN, creatinine, MAP, SOFA score, CCI score, medication use, and RRT treatment. Standardized mean differences (SMD) were calculated to assess the balance between covariates. A SMD of less than 10% after PSM indicated a balance between the two groups. Paired t-tests or McNemar tests were used to evaluate significant differences for continuous or categorical variables between the two groups after PSM.
Before and after PSM, Cox proportional hazards regression was performed to estimate the association between dexmedetomidine and 28-day mortality. It was conducted to adjust for confounding variables (age, sex, BMI, admission type, type of ICU on admission, co-morbidities, BUN, creatinine, MAP, SOFA score, CCI score, medication use, and RRT treatment).
Subgroup analysis was conducted before and after PSM to assess whether the association between dexmedetomidine and 28-day mortality varied based on age and ICU type on admission. Before subgroup analysis, the interaction analysis (P for interaction) was performed on each subgroup to assess comparability. Moreover, the association between the dose and duration of dexmedetomidine and 28-day mortality was explored after PSM. The nonlinear test was used to determine whether the dose and duration of dexmedetomidine administration had nonlinear effects on 28-day mortality. Restricted cubic spline (RCS) models were used to evaluate potential nonlinear associations between the dose and duration of dexmedetomidine administration and 28-day mortality.
All statistical analyses were performed using STATA software (version 14.0) and R software (version 4.2.2). A p-value < 0.05 was considered statistically significant.
3 RESULTS
3.1 Demographic and clinical information in patients before PSM
From 2008 to 2019, 53,569 ICU admissions were initially identified from MIMIC-IV database. Totally 5,871 patients with sepsis receiving IMV for more than 24 h were included (Figure 1). A total of 1,377 (23.5%) patients received dexmedetomidine (DEX group), while 4494 (76.5%) patients did not receive it (non-DEX group). In the DEX group, 1,374 (99.8%) patients started dexmedetomidine within 24 h after ICU admission. All patients started dexmedetomidine within 48 h after ICU admission. It indicated that this study focused on patients who received dexmedetomidine early after ICU admission. Significant differences were observed in age, sex, BMI, co-morbidities, BUN, MAP, CCI score, and medication use before PSM. The DEX group patients were younger than non-DEX group (p < 0.001). The DEX group patients had a higher proportion of male (p < 0.001), propofol (p < 0.001), and vasopressor use (p = 0.003), as well as higher BMI (p < 0.001) and MAP (p = 0.003) than non-DEX group. The DEX group patients showed a lower proportion of cerebrovascular disease (p = 0.043), liver disease (p = 0.028), chronic renal disease (p = 0.020), tumor (p = 0.020), and morphine use (p < 0.001) as well as lower BUN (p < 0.001) and CCI score (p < 0.001) than non-DEX group.
[image: Figure 1]FIGURE 1 | Flowchart of the study. Abbreviations: MIMIC-IV: Medical Information Mart for Intensive Care IV; ICU: intensive care unit; DEX: dexmedetomidine.
As for clinical outcomes, the DEX group patients showed a lower 28-day mortality (18.2% vs. 35.8%; p < 0.001), longer length of ICU stay (median 11.8 (IQR 7.6–18.2) vs. 6.7 (3.9–12.1) days; p < 0.001), and a higher proportion of liberation from IMV (73.7% vs. 54.7%; p < 0.001) than non-DEX group. Moreover, the DEX group patients showed a lower incidence of bradycardia than non-DEX group (p = 0.002); however, the incidence of hypotension was not statistically significant (p = 0.626).
3.2 Demographic and clinical information in patients after PSM
In PSM, 1,053 pairs of patients between DEX and non-DEX groups were completely matched. In terms of baseline characteristics, no significant differences were observed between the two groups after PSM (Table 1; Supplementary Figure S1). The study groups were equally balanced (SMD < 10%). Similar to the results before PSM, the DEX group patients showed a lower 28-day mortality (17.7% vs. 30.3%; p < 0.001), longer length of ICU stay (median 11.6 (IQR 7.5–17.6) vs. 6.9 (4.2–13.0) days; p < 0.001), and a higher proportion of liberation from IMV (74.9% vs. 58.1%; p < 0.001) than non-DEX group.
TABLE 1 | Baseline characteristics and outcomes before and after PSM. Values are median (IQR [range]) or number (proportion).
[image: Table 1]3.3 Association between dexmedetomidine and 28-day mortality
Cox proportional hazards regression were used to estimate the association between dexmedetomidine and 28-day mortality. Before PSM, dexmedetomidine was related to a lower 28-day mortality (HR 0.52, 95%CI (0.45–0.59); p < 0.001) after adjusting for possible confounding factors (Figure 2; Supplementary Table S2). Similar to the results before PSM, dexmedetomidine was also related to lower 28-day mortality (HR 0.47, 95%CI (0.39–0.57); p < 0.001) (Figure 2; Supplementary Table S3) in the population after PSM.
[image: Figure 2]FIGURE 2 | Association between dexmedetomidine and 28-day mortality and subgroup analysis. Abbreviations: HR: hazard ratio; CI: confidence interval; PSM: propensity score matching; ICU: intensive care unit; SICU: surgical intensive care unit.
3.4 Subgroup analysis for age and type of ICU on admission
Before subgroup analysis, interaction effects were evaluated between age and dexmedetomidine exposure (P for interaction < 0.001; < 0.001) and between the type of ICU on admission and dexmedetomidine exposure (P for interaction = 0.042; = 0.270) before and after PSM (Figure 2). Dexmedetomidine was related to lower 28-day mortality in all subgroups before and after PSM. Dexmedetomidine was related to lower 28-day mortality, regardless of whether the patients were younger (≤65 years; p < 0.001) or elderly (>65 years; p < 0.001). Moreover, dexmedetomidine was also related to lower 28-day mortality, regardless of first admission was SICU (p < 0.001) or non-SICU (p < 0.001).
3.5 Dose- and duration-response relationship between dexmedetomidine and 28-day mortality
After PSM, the median dose rate of dexmedetomidine administration was 0.81 (IQR, 0.57–1.01) μg.kg-1. h-1, and the median duration of dexmedetomidine administration was 67 (IQR, 41–113) hours. Considering the dose and duration as continuous variables, we firstly performed the nonlinear test to examine whether the dose and duration of dexmedetomidine administration had nonlinear effects on 28-day mortality. However, the nonlinear test indicated that the relationship between the dose and duration of dexmedetomidine administration and 28-day mortality was not significantly nonlinear (p > 0.05) (Figure 3). The results of univariable or multivariable Cox regression with RCS also suggested that the dose and duration thresholds regarding 28-day mortality reduction could not be calculated (Figure 3).
[image: Figure 3]FIGURE 3 | Association between the dose and duration of dexmedetomidine administration and 28-day mortality using RCS. The curve of HR and dose rate using univariate (A) and multivariate (B) Cox regression with RCS in age > 65 years. The curve of HR and dose rate using univariate (C) and multivariate (D) Cox regression with RCS in age ≤ 65 years. The curve of HR and duration using univariate (E) and multivariate (F) Cox regression with RCS in age > 65 years. The curve of HR and duration using univariate (G) and multivariate (H) Cox regression with RCS in age ≤ 65 years. The multivariate Cox regression adjusted for age, gender, BMI, admission type, type of ICU on admission, co-morbidities, BUN, creatinine, MAP, SOFA score, CCI score, medication use, and RRT treatment. Cubic spline curves are shown as a solid line, with the shaded area representing the 95% confidence intervals. Abbreviations: RCS: restricted cubic spline; HR: hazard ratio; BUN: blood urea nitrogen; MAP: mean arterial pressure; SOFA: Sequential Organ Failure Assessment; CCI: Charlson Comorbidities Index; RRT: renal replacement therapy.
Subsequently, we converted dose and duration to categorical variables based on a previous study for further analysis (Hu et al., 2022). As shown in Figure 4, in elderly patients (>65 years), the duration of dexmedetomidine > 72 h was related to lower 28-day mortality than non-DEX (p = 0.013). However, the relationship between the dose rate of dexmedetomidine and 28-day mortality was not statistically different. Moreover, in younger patients (≤65 years), both the dose rate and duration of dexmedetomidine were related to lower 28-day mortality (p < 0.001).
[image: Figure 4]FIGURE 4 | Dose- and duration-response relationship between dexmedetomidine and 28-day mortality. Abbreviations: HR: hazard ratio; CI: confidence interval; PSM: propensity score matching.
4 DISCUSSION
This study suggested that dexmedetomidine was related to lower 28-day mortality, regardless of whether patients were younger or elderly, first admission to SICU or non-SICU in patients with sepsis receiving IMV. Our study also revealed that both the dose and duration of dexmedetomidine administration were related to lower 28-day mortality than no dexmedetomidine in younger patients. However, this relationship was not statistically significant in elderly patients.
Dexmedetomidine is recommended for sedation in patients requiring mechanical ventilation; however, whether dexmedetomidine is a better sedative for patients with sepsis requiring IMV remains a matter of debate. Our results suggested that dexmedetomidine administration was related to lower 28-day mortality, longer length of ICU stay, and a higher proportion of liberation from IMV than no dexmedetomidine treatment. Cox proportional hazards regression results also supported that dexmedetomidine was related to lower 28-day mortality. These results were consistent with previous studies (Song et al., 2019; Aso et al., 2021; Zhang et al., 2022). However, the DESIRE trial indicated that dexmedetomidine treatment did not improve 28-day mortality in patients requiring mechanical ventilation with sepsis (Kawazoe et al., 2017). This difference may be due to the following reasons. First, this study included patients with sepsis who required invasive and noninvasive ventilation. Our study only included patients with a higher severity of invasive mechanical ventilation. Second, this study had in fact identified the clinically important benefits of dexmedetomidine. The risk of 28-day mortality was reduced by 8% with dexmedetomidine, but the difference was not statistically significant (22.8% vs. 30.8%; n = 202; p = 0.200). Our study has sufficient statistical power to detect differences in mortality (18.2% vs. 35.8%; p < 0.001; n = 5,871; 17.7% vs. 30.3%; p < 0.001; n = 2106). Nevertheless, our study provides important information that dexmedetomidine administration remains significant in reducing the 28-day mortality. There is a need for further randomized controlled trials to confirm these findings.
Importantly, several studies have found that age or ICU type could influence the clinical effects of dexmedetomidine. As a result of a secondary analysis of the SPICE III trial, mechanically ventilated elderly (>65 years) patients treated with dexmedetomidine showed a high probability of reduced 90-day mortality regardless of operative or non-operative status. But younger patients (≤65 years) with non-operative status were at a higher probability of 90-day mortality (Shehabi et al., 2021). A recent meta-analysis also suggested that age could affect the treatment effects of dexmedetomidine, including the incidence of adverse events and mortality (Heybati et al., 2022). However, our study suggests that dexmedetomidine administration is related to lower 28-day mortality in both younger and elderly patients. The reason for these discrepancies might be the different study subjects (septic patients requiring IMV vs. critically ill adults requiring mechanical ventilation) and follow-up time points (28-day vs. 90-day). The patients in our study represent a sample of more severely ill patients, they were diagnosed with sepsis requiring IMV. In addition, previous studies have reported that no significant differences were found in the length of ICU stay, duration of mechanical ventilation, and cardiovascular adverse events associated with dexmedetomidine between the different ICU types (Pereira et al., 2020; Abowali et al., 2021; Heybati et al., 2022). We hypothesized that non-SICU patients may have other underlying comorbidities that influence the effects of dexmedetomidine. However, our results suggested that dexmedetomidine was related to lower 28-day mortality, regardless of whether patient was admitted to the SICU or non-SICU. To our knowledge, no study has reported the effects of ICU type on 28-day mortality in patients. Prospective studies are required to investigate and validate the effects of age and ICU type separately on clinical outcomes in this population.
Our study further investigated the dose- and duration-response relationship between dexmedetomidine and 28-day mortality. Although the relationship curves appeared to be nonlinear, it was not statistically significant. Notably, the curves of HR and duration using univariate and multivariate Cox regression with RCS were almost less than 1 in both younger and elderly. Subsequently, we converted dose and duration to categorical variables for further analysis, our results suggested that both the dose and duration of dexmedetomidine administration were associated with lower 28-day mortality than no dexmedetomidine treatment in younger patients. There also appears to be a benefit for elderly patients. However, this difference was also not statistically significant. The results were consistent in both analyses. These differences were not statistically significant, possibly because of the small sample size after PSM (n = 2106). However, to our knowledge, this is the largest reported sample of patients to investigate the effect of age and ICU types on short-term outcomes in this population so far. Future randomized controlled trials are required to determine the optimal dosing regimen of dexmedetomidine in this population. Moreover, a study suggested that both the dose and duration of dexmedetomidine were related to a decreased risk of mortality compared with no dexmedetomidine in sepsis-associated acute kidney injury (Hu et al., 2022). However, no previous studies have reported an association between the dose and duration of dexmedetomidine with 28-day mortality in critically ill patients with sepsis requiring IMV and the potential effects of age on this association. The present study might indicate that the younger patients had even greater treatment benefits with dexmedetomidine than elderly patients. The pharmacokinetic and pharmacodynamic characteristics of dexmedetomidine differ between younger and elderly patients (Weerink et al., 2017; Xu et al., 2017), which may help to interpret these results.
Our study also has several limitations. First, owing to the constraints of a retrospective study based on a public database, information about the strategies for sedation and sedation goals was lacking. Dexmedetomidine administration practices may not be uniform. In order to minimize effect modification due to different dexmedetomidine regimens used among patients, we included only patients who received the duration of dexmedetomidine administration was ≥ 24 h. All patients started dexmedetomidine within 48 h after ICU admission. We also performed subgroup and nonlinear analysis and demonstrated consistency in the results. Second, although we controlled for several potential confounders using PSM and multivariate Cox proportional hazards regression analysis, residual confounding factors may be possible. Third, a retrospective study can only establish an association but not causation. Future randomized controlled trials are required to determine which patients would benefit most from dexmedetomidine and its optimal dosing regimen. Fourth, there could be a difference in sepsis patient care practices between dexmedetomidine administration and not. Patients with dexmedetomidine may have improved mobility. These factors potentially influence outcomes. But this is not the main purpose of this study, it deserves further investigation.
5 CONCLUSION
Among patients with sepsis requiring IMV, dexmedetomidine administration was related to lower 28-day mortality, regardless of whether patients were younger or elderly, or first admission to the SICU or non-SICU. Moreover, the dose and duration of dexmedetomidine administration were both associated with lower 28-day mortality than no dexmedetomidine treatment in younger patients. However, this difference was not statistically significant in elderly patients. These findings should be confirmed by independent randomized controlled trials in the future.
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