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Background: Acute respiratory distress syndrome (ARDS) is a prevalent condition in the respiratory department and intensive care unit that considerably influences prognosis. Prior research has demonstrated that angiotensin-converting enzyme inhibitors (ACEIs) or dexmedetomidine can improve the prognosis of ARDS. Nonetheless, the combinatorial effect of ACEIs and dexmedetomidine on the prognosis of ARDS remains to be investigated.

Method: A retrospective study was conducted using data from 696 patients with ARDS collected from the Medical Information Mart for Intensive Care IV database. Subsequently, a Cox regression model was constructed to screen for meaningful variables. Moreover, a multi-model Cox regression was constructed to exclude the interference of confounding factors and explore the effects of ACEIs alone, dexmedetomidine alone, and ACEIs combined with dexmedetomidine on the prognosis of patients with ARDS. Finally, it was verified by plotting the Kaplan–Meier survival curve.

Result: The survival rates of patients with ARDS within days 28, 60, 90, 180, and 365 after admission were 61.6, 57.0, 55.9, 53.7, and 51.3%, respectively. The results of the multi-model Cox regression revealed that compared with the application of ACEIs or dexmedetomidine alone, ACEIs combined with dexmedetomidine have a synergistic effect on reducing the risk of death in patients with ARDS. The conclusion of the Kaplan–Meier survival curve is consistent with that of the Cox regression.

Conclusion: In terms of reducing the risk of death in patients with ARDS, the combined application of dexmedetomidine and ACEIs may have a better effect than monotherapy.
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1 Introduction

Acute respiratory distress syndrome (ARDS) is a serious clinical syndrome and a common disease in intensive care units (ICUs). Its pathological features include alveolar–capillary barrier injury, alveolar collapse, ventilator-blood flow ratio imbalance, inflammatory response, oxidative stress imbalance, secondary pulmonary hypertension, and right heart dysfunction (1, 2). The incidence of ARDS is approximately 10.4% (3), and it is associated with high mortality rates in ICUs (4, 5). ARDS is the main cause of respiratory failure and death in patients with ARDS, and its significance is reflected in the high incidence and mortality of ARDS, multiple organ dysfunction, complexity of treatment, and long-term health problems that ARDS survivors may face, such as pulmonary insufficiency, cognitive dysfunction, and decline in quality of life. These long-term effects have had a significant impact on patient health, the medical system, and the social economy (6, 7). Currently, the diagnosis of ARDS is primarily based on the Berlin criteria developed in 2012, which is constantly updated (8, 9). According to these criteria, the in-hospital mortality rate for ARDS is approximately 50% (10). In treating ARDS, the primary goal is to resolve acute respiratory failure. Previous studies have confirmed that angiotensin-converting enzyme inhibitors (ACEIs) can improve the prognosis of outpatients with acute respiratory diseases (11) and reduce the in-hospital mortality rate of patients with acute respiratory failure (12, 13). Additionally, dexmedetomidine has been shown to improve patient prognosis (14–16). There have been relevant studies on the individual application mechanisms and effects of the two drugs on ARDS, which can provide a theoretical basis for potential combined medication. Based on the existing literature search results, no clinical studies have directly explored the combination of ACEIs and dexmedetomidine for ARDS. Currently, the vast majority of clinical studies have focused on the impact of single drugs on the prognosis of patients; however, this does not conform to the actual clinical situation. In clinical practice, it is rare to treat patients with only one drug. Therefore, exploring the impact of combined medication on the prognosis of patients can not only help understand whether there is a synergistic effect of combined medication but also investigate whether the combined application of drugs will exacerbate the side effects of drugs and the probability of complications.

To explore whether there is a synergistic or antagonistic effect between ACEIs and dexmedetomidine on improving the survival rate of patients with ARDS, we aimed to use the Medical Information Mart for Intensive Care (MIMIC IV) database to fill this research gap.



2 Methods


2.1 Database

This study is based on the MIMIC IV database, which contains information on all patients who received treatment in this institution as well as laboratory records. This information can be used to identify independent risk factors and clinical features of certain diseases (17), thereby assisting clinical decision-making and providing a basis for the formulation of clinical guidelines (18). Diseases were summarized and extracted according to the ninth (ICD-9) and tenth (ICD-10) codes of the International Classification of Diseases (19). One of the authors (Dr. Tang) completed a CITI Data Research course (study ID: 12467279) and obtained access to the MIMIC IV database. In the MIMIC database, since patient information is anonymized, informed consent from patients is not required (20).



2.2 Study population

Patients with ARDS were identified in the database according to the disease code, and patient data were screened according to the following inclusion and exclusion criteria (Figure 1).
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FIGURE 1
 The extraction, cleaning, and screening process of research data.



2.2.1 Inclusion criteria

The inclusion criteria included: (1) patients with acute respiratory distress syndrome who were admitted to Beth Israel Deaconess Medical Center for the first time, and (2) being at least 18 years old.



2.2.2 Exclusion criteria

The exclusion criteria included: (1) patients with combined malignant and metastatic solid tumors that may significantly impact prognosis, and (2) patients with incomplete information on ACEIs and dexmedetomidine use during hospitalization.




2.3 Data processing and analysis

The research data were mainly extracted from Navicat Premium version 16.0, which mainly included the medication information of ACEI and dexmedetomidine, comorbidiasis, and the survival period of patients. The survival period of the patient is calculated from the time of admission. The types of ACEI used in this study include captopril, ramipril, benazepril, quinopril, fosinopril, benazepril, nasepril, perindopril maleate, quinopril, linopril and mosipril.

The cleaned data were imported into R software (version 4.4), and IBM SPSS Statistics (version 25) was used for analysis. First, the Kruskal–Wallis test was performed to compare survival rates across different treatment methods, aiming to evaluate statistical significance (Table 1).


TABLE 1 Significance test of different treatment modalities and prognosis (Kruskal-Wallis Test).


	Test Statisticsa,b



	Kruskal-Wallis Test
	outcome_28d
	outcome_60d
	outcome_90d
	outcome_180d
	outcome_365d

 

 	Kruskal-Wallis H 	130.140 	113.754 	105.013 	97.629 	97.410


 	df 	3 	3 	3 	3 	3


 	Asymp. Sig. 	<0.001 	<0.001 	<0.001 	<0.001 	<0.001





a Kruskal Wallis Test.

b Grouping variable: Cure.

Introdution: According to the Kruskal-Wallis test, the results showed that the p value was <0.001 (p < 0.05), and it can be considered that the survival rates of patients under the four treatment methods were not all the same.
 

Cox regression analysis was conducted using the survival package in R. Subsequently, a stepwise Cox regression analysis was conducted. The effects of different treatment methods on the risk of patient death were compared by eliminating interference from covariates. Finally, the R package of survminer was used to plot the Kaplan–Meier survival curve to compare survival rate differences in patients with ARDS under different treatment methods (21).




3 Results


3.1 Population characteristics

After sorting and cleaning, 696 patients with ARDS were included in this study. Among them, 217 (42.7%) were female. There were 351 (50.4%) patients who were aged 60 years or older. A total of 429, 397, 389, 374, and 357 patients were alive at 28, 60, 90, 180, and 365 days after admission, respectively. On days 28, 60, 90, 180, and 365, survival rates were 61.6, 57.0, 55.9, 53.7, and 51.3%, respectively. There were 198 patients who used ACEIs, 395 patients who used dexmedetomidine, and 113 patients who used ACEIs and dexmedetomidine during admission.

Regarding complications, 98 (14.1%) patients had myocardial infarction. Thirty-five patients (19.4%) had congestive heart failure. Eighty-three patients (11.9%) had cerebrovascular disease. A total of 224 (32.2%) patients were diagnosed with diabetes, accounting for 32.2%. Additionally, 129 patients (18.5%) had kidney disease, and 57 patients had severe liver disease (9.1%).



3.2 Cox regression analysis and Kaplan–Meier curve

Multivariate Cox regression analysis showed that treatment methods and severe liver disease were associated with the prognosis of patients with ARDS on days 28, 60, and 90 after admission. Treatment methods, severe liver disease, and kidney disease were associated with outcomes at days 180 and 365 (Tables 2–6).


TABLE 2 Results of univariate and multifactorial cox proportional risk model affecting 28-day survival.


	Variables
	Univariate
	Multivariate



	β
	SE
	p
	HR (95%CI)
	β
	SE
	p
	HR (95%CI)

 

 	Gender


 	1 	 	 	 	1.00 (Reference) 	 	 	 	1.00 (Reference)


 	2 	0.10 	0.12 	0.442 	1.10 (0.86 ~ 1.40) 	−0.01 	0.13 	0.932 	0.99 (0.77 ~ 1.27)


 	Cure


 	0 	 	 	 	1.00 (Reference) 	 	 	 	1.00 (Reference)


 	1 	−0.60 	0.20 	0.002 	0.55 (0.37 ~ 0.81) 	−0.87 	0.20 	<0.001 	0.42 (0.28 ~ 0.62)


 	2 	−1.51 	0.15 	<0.001 	0.22 (0.17 ~ 0.30) 	−1.48 	0.15 	<0.001 	0.23 (0.17 ~ 0.31)


 	3 	−2.22 	0.26 	<0.001 	0.11 (0.07 ~ 0.18) 	−2.30 	0.26 	<0.001 	0.10 (0.06 ~ 0.17)


 	Age 	0.03 	0.00 	<0.001 	1.03 (1.02 ~ 1.04) 	0.03 	0.00 	<0.001 	1.03 (1.02 ~ 1.04)


 	Chronic pulmonary disease


 	0 	 	 	 	1.00 (Reference) 	 	 	 	1.00 (Reference)


 	1 	0.23 	0.14 	0.106 	1.26 (0.95 ~ 1.66) 	0.07 	0.15 	0.654 	1.07 (0.80 ~ 1.42)


 	Myocardial infarct


 	0 	 	 	 	1.00 (Reference) 	 	 	 	1.00 (Reference)


 	1 	0.36 	0.16 	0.026 	1.44 (1.04 ~ 1.97) 	0.20 	0.17 	0.234 	1.23 (0.88 ~ 1.72)


 	Congestive heart failure


 	0 	 	 	 	1.00 (Reference) 	 	 	 	1.00 (Reference)


 	1 	0.37 	0.14 	0.010 	1.44 (1.09 ~ 1.91) 	0.00 	0.15 	0.988 	1.00 (0.74 ~ 1.35)


 	Cerebrovascular disease


 	0 	 	 	 	1.00 (Reference) 	 	 	 	1.00 (Reference)


 	1 	0.17 	0.18 	0.331 	1.19 (0.84 ~ 1.69) 	0.12 	0.18 	0.513 	1.13 (0.79 ~ 1.61)


 	Diabetes


 	0 	 	 	 	1.00 (Reference) 	 	 	 	1.00 (Reference)


 	1 	0.09 	0.13 	0.507 	1.09 (0.85 ~ 1.41) 	0.04 	0.14 	0.765 	1.04 (0.79 ~ 1.38)


 	Renal disease


 	0 	 	 	 	1.00 (Reference) 	 	 	 	1.00 (Reference)


 	1 	0.38 	0.14 	0.008 	1.46 (1.10 ~ 1.94) 	0.25 	0.16 	0.121 	1.28 (0.94 ~ 1.74)


 	Severe liver disease


 	0 	 	 	 	1.00 (Reference) 	 	 	 	1.00 (Reference)


 	1 	0.69 	0.18 	<0.001 	2.00 (1.40 ~ 2.86) 	1.20 	0.20 	<0.001 	3.33 (2.27 ~ 4.89)





HR, Hazard Ratio; CI, Confidence Interval; ACEI, Angiotensin-converting enzyme inhibitor.

Cure: 1-- No ACEI or Dextrometopidine was used during admission. 2--ACEI was used during admission, and Dextrometopidine was not used. 3--No ACEI was used during admission, Dextrometopidine was used. 4-- ACEI and Dextrometopidine were used during admission.
 


TABLE 3 Results of univariate and multifactorial cox proportional risk model affecting 60-day survival.


	Variables
	Univariate
	Multivariate



	β
	SE
	p
	HR (95%CI)
	β
	SE
	p
	HR (95%CI)

 

 	Gender


 	1 	 	 	 	1.00 (Reference) 	 	 	 	1.00 (Reference)


 	2 	0.08 	0.12 	0.506 	1.08 (0.86 ~ 1.36) 	−0.02 	0.12 	0.856 	0.98 (0.77 ~ 1.24)


 	Cure


 	0 	 	 	 	1.00 (Reference) 	 	 	 	1.00 (Reference)


 	1 	−0.55 	0.19 	0.004 	0.58 (0.40 ~ 0.83) 	−0.82 	0.20 	<0.001 	0.44 (0.30 ~ 0.65)


 	2 	−1.36 	0.14 	<0.001 	0.26 (0.20 ~ 0.34) 	−1.34 	0.14 	<0.001 	0.26 (0.20 ~ 0.35)


 	3 	−2.05 	0.23 	<0.001 	0.13 (0.08 ~ 0.20) 	−2.14 	0.23 	<0.001 	0.12 (0.07 ~ 0.18)


 	Age 	0.03 	0.00 	<0.001 	1.03 (1.02 ~ 1.04) 	0.03 	0.00 	<0.001 	1.03 (1.02 ~ 1.04)


 	Chronic pulmonary disease


 	0 	 	 	 	1.00 (Reference) 	 	 	 	1.00 (Reference)


 	1 	0.23 	0.13 	0.090 	1.26 (0.97 ~ 1.64) 	0.08 	0.14 	0.573 	1.08 (0.82 ~ 1.42)


 	Myocardial infarct


 	0 	 	 	 	1.00 (Reference) 	 	 	 	1.00 (Reference)


 	1 	0.39 	0.15 	0.011 	1.48 (1.10 ~ 2.00) 	0.23 	0.16 	0.153 	1.26 (0.92 ~ 1.73)


 	Congestive heart failure


 	0 	 	 	 	1.00 (Reference) 	 	 	 	1.00 (Reference)


 	1 	0.33 	0.14 	0.015 	1.40 (1.07 ~ 1.83) 	−0.03 	0.15 	0.814 	0.97 (0.72 ~ 1.29)


 	Cerebrovascular disease


 	0 	 	 	 	1.00 (Reference) 	 	 	 	1.00 (Reference)


 	1 	0.24 	0.17 	0.152 	1.27 (0.92 ~ 1.76) 	0.17 	0.17 	0.308 	1.19 (0.85 ~ 1.66)


 	Diabetes


 	0 	 	 	 	1.00 (Reference) 	 	 	 	1.00 (Reference)


 	1 	0.09 	0.12 	0.467 	1.09 (0.86 ~ 1.39) 	0.04 	0.14 	0.749 	1.04 (0.80 ~ 1.36)


 	Renal disease


 	0 	 	 	 	1.00 (Reference) 	 	 	 	1.00 (Reference)


 	1 	0.42 	0.14 	0.002 	1.52 (1.17 ~ 1.98) 	0.29 	0.15 	0.048 	1.34 (1.01 ~ 1.80)


 	Severe liver disease


 	0 	 	 	 	1.00 (Reference) 	 	 	 	1.00 (Reference)


 	1 	0.76 	0.17 	<0.001 	2.14 (1.53 ~ 2.99) 	1.28 	0.18 	<0.001 	3.60 (2.51 ~ 5.15)





HR, Hazard Ratio; CI, Confidence Interval; ACEI, Angiotensin-converting enzyme inhibitor.

Cure:1-- No ACEI or Dextrometopidine was used during admission. 2--ACEI was used during admission, and Dextrometopidine was not used. 3--No ACEI was used during admission, Dextrometopidine was used. 4-- ACEI and Dextrometopidine were used during admission.
 


TABLE 4 Results of univariate and multifactorial cox proportional risk model affecting 90-day survival.


	Variables
	Univariate
	Multivariate



	β
	SE
	p
	HR (95%CI)
	β
	SE
	p
	HR (95%CI)

 

 	Gender


 	1 	 	 	 	1.00 (Reference) 	 	 	 	1.00 (Reference)


 	2 	0.06 	0.12 	0.618 	1.06 (0.84 ~ 1.33) 	−0.04 	0.12 	0.741 	0.96 (0.76 ~ 1.22)


 	Cure


 	0 	 	 	 	1.00 (Reference) 	 	 	 	1.00 (Reference)


 	1 	−0.56 	0.19 	0.003 	0.57 (0.39 ~ 0.83) 	−0.82 	0.19 	<0.001 	0.44 (0.30 ~ 0.64)


 	2 	−1.32 	0.14 	<0.001 	0.27 (0.20 ~ 0.35) 	−1.30 	0.14 	<0.001 	0.27 (0.21 ~ 0.36)


 	3 	−1.94 	0.22 	<0.001 	0.14 (0.09 ~ 0.22) 	−2.03 	0.22 	<0.001 	0.13 (0.09 ~ 0.20)


 	Age 	0.03 	0.00 	<0.001 	1.03 (1.02 ~ 1.04) 	0.03 	0.00 	<0.001 	1.03 (1.02 ~ 1.04)


 	Chronic pulmonary disease


 	0 	 	 	 	1.00 (Reference) 	 	 	 	1.00 (Reference)


 	1 	0.21 	0.13 	0.110 	1.24 (0.95 ~ 1.61) 	0.07 	0.14 	0.634 	1.07 (0.82 ~ 1.40)


 	Myocardial infarct


 	0 	 	 	 	1.00 (Reference) 	 	 	 	1.00 (Reference)


 	1 	0.41 	0.15 	0.007 	1.50 (1.12 ~ 2.02) 	0.24 	0.16 	0.133 	1.27 (0.93 ~ 1.74)


 	Congestive heart failure


 	0 	 	 	 	1.00 (Reference) 	 	 	 	1.00 (Reference)


 	1 	0.38 	0.13 	0.005 	1.46 (1.12 ~ 1.89) 	0.01 	0.14 	0.932 	1.01 (0.76 ~ 1.34)


 	Cerebrovascular disease


 	0 	 	 	 	1.00 (Reference) 	 	 	 	1.00 (Reference)


 	1 	0.21 	0.17 	0.205 	1.23 (0.89 ~ 1.71) 	0.15 	0.17 	0.392 	1.16 (0.83 ~ 1.61)


 	Diabetes


 	0 	 	 	 	1.00 (Reference) 	 	 	 	1.00 (Reference)


 	1 	0.10 	0.12 	0.432 	1.10 (0.87 ~ 1.40) 	0.04 	0.13 	0.790 	1.04 (0.80 ~ 1.35)


 	Renal disease


 	0 	 	 	 	1.00 (Reference) 	 	 	 	1.00 (Reference)


 	1 	0.45 	0.13 	<0.001 	1.56 (1.20 ~ 2.03) 	0.32 	0.15 	0.032 	1.37 (1.03 ~ 1.83)


 	Severe liver disease


 	0 	 	 	 	1.00 (Reference) 	 	 	 	1.00 (Reference)


 	1 	0.77 	0.17 	<0.001 	2.16 (1.55 ~ 3.01) 	1.29 	0.18 	<0.001 	3.63 (2.55 ~ 5.18)





HR, Hazard Ratio; CI, Confidence Interval; ACEI, Angiotensin-converting enzyme inhibitor.

Cure: 1-- No ACEI or Dextrometopidine was used during admission. 2--ACEI was used during admission, and Dextrometopidine was not used. 3--No ACEI was used during admission, Dextrometopidine was used. 4-- ACEI and Dextrometopidine were used during admission.
 


TABLE 5 Results of univariate and multifactorial cox proportional risk model affecting 180-day survival.


	Variables
	Univariate
	Multivariate



	β
	SE
	p
	HR (95%CI)
	β
	SE
	p
	HR (95%CI)

 

 	Gender


 	1 	 	 	 	1.00 (Reference) 	 	 	 	1.00 (Reference)


 	2 	0.04 	0.11 	0.699 	1.05 (0.84 ~ 1.31) 	−0.05 	0.12 	0.694 	0.95 (0.76 ~ 1.20)


 	Cure


 	0 	 	 	 	1.00 (Reference) 	 	 	 	1.00 (Reference)


 	1 	−0.45 	0.18 	0.012 	0.64 (0.45 ~ 0.91) 	−0.72 	0.19 	<0.001 	0.49 (0.34 ~ 0.70)


 	2 	−1.31 	0.13 	<0.001 	0.27 (0.21 ~ 0.35) 	−1.28 	0.14 	<0.001 	0.28 (0.21 ~ 0.36)


 	3 	−1.74 	0.20 	<0.001 	0.17 (0.12 ~ 0.26) 	−1.84 	0.20 	<0.001 	0.16 (0.11 ~ 0.23)


 	Age 	0.03 	0.00 	<0.001 	1.03 (1.02 ~ 1.04) 	0.03 	0.00 	<0.001 	1.03 (1.02 ~ 1.04)


 	Chronic pulmonary disease


 	0 	 	 	 	1.00 (Reference) 	 	 	 	1.00 (Reference)


 	1 	0.21 	0.13 	0.109 	1.23 (0.95 ~ 1.59) 	0.05 	0.13 	0.715 	1.05 (0.81 ~ 1.37)


 	Myocardial infarct


 	0 	 	 	 	1.00 (Reference) 	 	 	 	1.00 (Reference)


 	1 	0.43 	0.15 	0.004 	1.53 (1.15 ~ 2.04) 	0.23 	0.16 	0.143 	1.25 (0.93 ~ 1.70)


 	Congestive heart failure


 	0 	 	 	 	1.00 (Reference) 	 	 	 	1.00 (Reference)


 	1 	0.41 	0.13 	0.002 	1.51 (1.17 ~ 1.95) 	0.03 	0.14 	0.835 	1.03 (0.78 ~ 1.36)


 	Cerebrovascular disease


 	0 	 	 	 	1.00 (Reference) 	 	 	 	1.00 (Reference)


 	1 	0.19 	0.16 	0.248 	1.21 (0.88 ~ 1.67) 	0.13 	0.17 	0.431 	1.14 (0.82 ~ 1.58)


 	Diabetes


 	0 	 	 	 	1.00 (Reference) 	 	 	 	1.00 (Reference)


 	1 	0.13 	0.12 	0.271 	1.14 (0.90 ~ 1.44) 	0.05 	0.13 	0.699 	1.05 (0.82 ~ 1.36)


 	Renal disease


 	0 	 	 	 	1.00 (Reference) 	 	 	 	1.00 (Reference)


 	1 	0.50 	0.13 	<0.001 	1.65 (1.28 ~ 2.13) 	0.35 	0.14 	0.013 	1.42 (1.08 ~ 1.88)


 	Severe liver disease


 	0 	 	 	 	1.00 (Reference) 	 	 	 	1.00 (Reference)


 	1 	0.74 	0.17 	<0.001 	2.09 (1.51 ~ 2.91) 	1.27 	0.18 	<0.001 	3.57 (2.51 ~ 5.08)





HR, Hazard Ratio; CI, Confidence Interval; ACEI, Angiotensin-converting enzyme inhibitor.

Cure: 1-- No ACEI or Dextrometopidine was used during admission. 2--ACEI was used during admission, and Dextrometopidine was not used. 3--No ACEI was used during admission, Dextrometopidine was used. 4-- ACEI and Dextrometopidine were used during admission.
 


TABLE 6 Results of univariate and multifactorial cox proportional risk model affecting 365-day survival.


	Variables
	Univariate
	Multivariate



	β
	SE
	p
	HR (95%CI)
	β
	SE
	p
	HR (95%CI)

 

 	Gender


 	1 	 	 	 	1.00 (Reference) 	 	 	 	1.00 (Reference)


 	2 	0.09 	0.11 	0.427 	1.09 (0.88 ~ 1.36) 	0.00 	0.11 	0.987 	1.00 (0.80 ~ 1.25)


 	Cure


 	0 	 	 	 	1.00 (Reference) 	 	 	 	1.00 (Reference)


 	1 	−0.46 	0.18 	0.010 	0.63 (0.45 ~ 0.90) 	−0.73 	0.18 	<0.001 	0.48 (0.34 ~ 0.69)


 	2 	−1.31 	0.13 	<0.001 	0.27 (0.21 ~ 0.35) 	−1.27 	0.13 	<0.001 	0.28 (0.22 ~ 0.36)


 	3 	−1.64 	0.19 	<0.001 	0.19 (0.13 ~ 0.28) 	−1.74 	0.19 	<0.001 	0.18 (0.12 ~ 0.25)


 	Age 	0.03 	0.00 	<0.001 	1.03 (1.02 ~ 1.04) 	0.03 	0.00 	<0.001 	1.03 (1.02 ~ 1.04)


 	Chronic pulmonary disease


 	0 	 	 	 	1.00 (Reference) 	 	 	 	1.00 (Reference)


 	1 	0.22 	0.13 	0.088 	1.24 (0.97 ~ 1.60) 	0.06 	0.13 	0.667 	1.06 (0.82 ~ 1.37)


 	Myocardial infarct


 	0 	 	 	 	1.00 (Reference) 	 	 	 	1.00 (Reference)


 	1 	0.44 	0.14 	0.002 	1.56 (1.18 ~ 2.06) 	0.24 	0.15 	0.111 	1.27 (0.95 ~ 1.71)


 	Congestive heart failure


 	0 	 	 	 	1.00 (Reference) 	 	 	 	1.00 (Reference)


 	1 	0.43 	0.13 	<0.001 	1.53 (1.19 ~ 1.96) 	0.04 	0.14 	0.768 	1.04 (0.80 ~ 1.36)


 	Cerebrovascular disease


 	0 	 	 	 	1.00 (Reference) 	 	 	 	1.00 (Reference)


 	1 	0.19 	0.16 	0.228 	1.21 (0.89 ~ 1.66) 	0.13 	0.16 	0.440 	1.13 (0.82 ~ 1.56)


 	Diabetes


 	0 	 	 	 	1.00 (Reference) 	 	 	 	1.00 (Reference)


 	1 	0.12 	0.12 	0.308 	1.13 (0.90 ~ 1.41) 	0.03 	0.13 	0.833 	1.03 (0.80 ~ 1.32)


 	Renal disease


 	0 	 	 	 	1.00 (Reference) 	 	 	 	1.00 (Reference)


 	1 	0.50 	0.13 	<0.001 	1.66 (1.29 ~ 2.12) 	0.36 	0.14 	0.011 	1.43 (1.09 ~ 1.87)


 	Severe liver disease


 	0 	 	 	 	1.00 (Reference) 	 	 	 	1.00 (Reference)


 	1 	0.73 	0.17 	<0.001 	2.08 (1.50 ~ 2.88) 	1.27 	0.18 	<0.001 	3.56 (2.51 ~ 5.04)





HR, Hazard Ratio; CI, Confidence Interval; ACEI, Angiotensin-converting enzyme inhibitor.

Cure:1-- No ACEI or Dextrometopidine was used during admission. 2--ACEI was used during admission, and Dextrometopidine was not used. 3--No ACEI was used during admission, Dextrometopidine was used. 4-- ACEI and Dextrometopidine were used during admission.
 

Subsequently, multi-model Cox regression was used to exclude the interference of serious liver disease, kidney disease, and other factors in prognosis, and the adjusted model showed that patients with ARDS who received a combination of ACEIs and dexmedetomidine had the best prognosis. Following treatment with dexmedetomidine alone, patients treated with neither dexmedetomidine nor ACEIs had the worst prognosis. Among them, the risk of death in patients with ARDS treated with ACEIs combined with dexmedetomidine was reduced by 88.7, 86.6, 85.0, 82.4, and 80.6% on days 28, 60, 90, 180, and 365, respectively (Tables 7–11). By drawing the Kaplan–Meier curve, the results showed that, compared to patients treated with ACEI monotherapy or dexmedetomidine monotherapy, the survival rate of patients with ARDS treated with ACEIs and dexmedetomidine was the highest, and the difference was statistically significant (p < 0.05) (Figure 2).


TABLE 7 Cox regression model and correction model affecting mortality of ARDS patients within 28 days after admission.


	Variables
	Model 1
	Model 2



	HR (95%CI)
	p
	HR (95%CI)
	p

 

 	Cure


 	0 	1.000(Reference) 	 	1.000 (Reference) 	


 	1 	0.554 (0.378 ~ 0.811) 	0.002 	0.413 (0.280 ~ 0.608) 	<0.001


 	2 	0.241 (0.180 ~ 0.323) 	<0.001 	0.249 (0.186 ~ 0.335) 	<0.001


 	3 	0.118 (0.071 ~ 0.195) 	<0.001 	0.113 (0.068 ~ 0.187) 	<0.001





HR, Hazard Ratio; CI, Confidence Interval; ACEI, Angiotensin-converting enzymeinhibitor.

Cure: 0-- No ACEI or Dextrometopidine was used during admission. 1--ACEI was used during admission, and Dextrometopidine was not used. 2--No ACEI was used during admission, Dextrometopidine was used. 3-- ACEI and Dextrometopidine were used during admission. Model 1: Crude. Model 2: Adjust: severe_liver_disease, age.
 


TABLE 8 Cox regression model and correction model affecting mortality of ARDS patients within 60 days after admission.


	Variables
	Model 1
	Model 2



	HR (95%CI)
	p
	HR (95%CI)
	p

 

 	Cure


 	0 	1.000 (Reference) 	 	1.000 (Reference) 	


 	1 	0.599 (0.417 ~ 0.861) 	0.006 	0.446 (0.308 ~ 0.645) 	<0.001


 	2 	0.284 (0.218 ~ 0.372) 	<0.001 	0.292 (0.223 ~ 0.382) 	<0.001


 	3 	0.140 (0.090 ~ 0.219) 	<0.001 	0.134 (0.086 ~ 0.210) 	<0.001





HR, Hazard Ratio; CI, Confidence Interval.

Cure: 0-- No ACEI or Dextrometopidine was used during admission. 1--ACEI was used during admission, and Dextrometopidine was not used. 2--No ACEI was used during admission, Dextrometopidine was used. 3-- ACEI and Dextrometopidine were used during admission. Model 1: Crude. Model 2: Adjust: severe_liver_disease, age.
 


TABLE 9 Cox regression model and correction model affecting mortality of ARDS patients within 90 days after admission.


	Variables
	Model 1
	Model 2



	HR (95%CI)
	p
	HR (95%CI)
	p

 

 	Cure


 	0 	1.000 (Reference) 	 	1.000 (Reference) 	


 	1 	0.596 (0.415 ~ 0.855) 	0.005 	0.446 (0.308 ~ 0.644) 	<0.001


 	2 	0.295 (0.226 ~ 0.384) 	<0.001 	0.302 (0.232 ~ 0.394) 	<0.001


 	3 	0.157 (0.103 ~ 0.239) 	<0.001 	0.150 (0.098 ~ 0.229) 	<0.001





HR: Hazard Ratio, CI: Confidence Interval. ACEI: Angiotensin-converting enzymeinhibitor.

Cure: 0-- No ACEI or Dextrometopidine was used during admission. 1--ACEI was used during admission, and Dextrometopidine was not used. 2--No ACEI was used during admission, Dextrometopidine was used. 3-- ACEI and Dextrometopidine were used during admission. Model 1: Crude. Model 2: Adjust: severe_liver_disease, age.
 


TABLE 10 Cox regression model and correction model affecting mortality of ARDS patients within 180 days after admission.


	Variables
	Model 1
	Model 2



	HR (95%CI)
	p
	HR (95%CI)
	p

 

 	Cure


 	0 	1.000 (Reference) 	 	1.000 (Reference) 	


 	1 	0.656 (0.464 ~ 0.927) 	0.017 	0.506 (0.355 ~ 0.720) 	<0.001


 	2 	0.298 (0.230 ~ 0.387) 	<0.001 	0.308 (0.237 ~ 0.400) 	<0.001


 	3 	0.189 (0.129 ~ 0.278) 	<0.001 	0.176 (0.119 ~ 0.259) 	<0.001





HR, Hazard Ratio; CI, Confidence Interval; ACEI, Angiotensin-converting enzymeinhibitor.

Cure: 0-- No ACEI or Dextrometopidine was used during admission. 1--ACEI was used during admission, and Dextrometopidine was not used. 2--No ACEI was used during admission, Dextrometopidine was used. 3-- ACEI and Dextrometopidine were used during admission. Model 1: Crude. Model 2: Adjust: renal_disease, severe_liver_disease, age.
 


TABLE 11 Cox regression model and correction model affecting mortality of ARDS patients within 365 days after admission.


	Variables
	Model1
	Model 2



	HR (95%CI)
	p
	HR (95%CI)
	p

 

 	Cure


 	0 	1.000 (Reference) 	 	1.000 (Reference) 	


 	1 	0.667 (0.475 ~ 0.935) 	0.019 	0.510 (0.361 ~ 0.720) 	<0.001


 	2 	0.296 (0.230 ~ 0.382) 	<0.001 	0.308 (0.238 ~ 0.398) 	<0.001


 	3 	0.208 (0.145 ~ 0.299) 	<0.001 	0.194 (0.135 ~ 0.279) 	<0.001





HR, Hazard Ratio; CI:, Confidence Interval; ACEI, Angiotensin-converting enzymeinhibitor.

Cure: 0-- No ACEI or Dextrometopidine was used during admission. 1--ACEI was used during admission, and Dextrometopidine was not used. 2--No ACEI was used during admission, Dextrometopidine was used. 3-- ACEI and Dextrometopidine were used during admission. Model 1: Crude. Model 2: Adjust: renal_disease, severe_liver_disease, age.
 

[image: Five survival curves labeled A to E show survival probability over different time periods, with distinct lines representing four groups: no ACEI or Dextrometopidine, ACEI only, Dextrometopidine only, and both. All plots have a log-rank P < 0.001, indicating statistical significance in survival differences among groups.]

FIGURE 2
 Difference in survival rates between the drug group and the control group (Kaplan-Meier survival curve).





4 Discussion

ARDS is characterized by diffuse pulmonary interstitial and alveolar edema caused by injury to pulmonary capillary endothelial cells and alveolar epithelial cells induced by non-cardiogenic diseases, such as trauma and severe infection, followed by acute hypoxic respiratory insufficiency (22–27). Current research indicates that ARDS can be divided into two distinct subphenotypes. One subphenotype is characterized by more severe inflammation, shock, and metabolic acidosis, and a poorer clinical prognosis. In a randomized trial examining PEEP strategies, these subtypes responded differently to treatment (28). Current treatment methods include improved ventilation (29–32), respiratory support (33, 34), sedation (35), muscle relaxation (36), and early nerve block (37–39).

Previous studies have shown that both ACEI and dexmedetomidine monotherapies benefit patients with ARDS. However, whether the combined application of ACEIs and dexmedetomidine can play a synergistic role in improving the survival rate of patients with ARDS remains to be explored. Four treatment methods were established in this study: neither ACEIs nor dexmedetomidine was used; ACEIs were used instead of dexmedetomidine; dexmedetomidine was used instead of ACEIs; and ACEIs and dexmedetomidine were used. By comparing the survival rate differences of patients with ARDS under four different treatment methods, this study explored whether the combined application of ACEIs and dexmedetomidine could further enhance the improvement in the prognosis of patients with ARDS. By constructing a multi-model Cox regression coarse model, the results showed that compared to the other three treatment methods, the combined application of ACEIs and dexmedetomidine had the strongest ability to reduce the risk of death in patients with ARDS. Subsequently, by adjusting for the interference of covariates, the adjusted model showed that, compared with the other three groups, patients with ARDS who received ACEIs and dexmedetomidine had the highest survival rate, and this conclusion was maintained within 0–365 days after admission. Finally, through the Kaplan–Meier survival curve analysis in this study, it was further verified that the combined application of ACEIs and dexmedetomidine had a synergistic effect on improving the prognosis of patients with ARDS.

As the combined application of dexmedetomidine and ACEIs has not yet been reported, it is unfeasible to draw conclusions from previous studies to explain our results. Therefore, we can only explore why ACEIs combined with dexmedetomidine significantly improve the survival rate of patients with ARDS from the perspective of the mechanism of drug action.

ACEIs are a class of drugs that reduce the production of angiotensin II by inhibiting angiotensin-converting enzymes, which dilate blood vessels and reduce peripheral resistance (40, 41). In addition, ACEIs may have anti-inflammatory effects because angiotensin II is thought to be involved in pro-inflammatory responses (42, 43). In ARDS, an excessive inflammatory response in the lungs may be an important factor leading to lung injury (24). Therefore, inhibiting angiotensin II synthesis may help reduce inflammation and improve lung function (44, 45). Dexmedetomidine is a selective α2 adrenergic receptor agonist that promotes sodium and water excretion. As ARDS is often associated with fluid retention and pulmonary edema, the use of dexmedetomidine may also help improve fluid balance, indirectly reduce pulmonary edema, and improve oxygenation. In addition, dexmedetomidine maintained hemodynamic stability (46). Finally, dexmedetomidine neither leads to deeper sedation levels nor does it lead to respiratory depression, which is conducive to rapid patient recovery (47, 48).

Based on the above drug mechanism analysis, we found that the combination of ACEIs and dexmedetomidine has certain potential advantages. For example, the anti-inflammatory effects of ACEIs and the sedative and protective effects of dexmedetomidine may synergistically improve lung function and oxygenation. The combination of these may intervene in the pathophysiological process of ARDS through multiple targets, reduce the mortality rate, and shorten the duration of mechanical ventilation. In addition, ACEIs can inhibit ROS generation, and dexmedetomidine activates the Nrf2 pathway. This combined application may enhance the antioxidant capacity of alveolar epithelial cells and reduce apoptosis.

Although we tried our best to improve the research plan, there were some limitations. First, this was a single-center, retrospective study. The strength of the conclusions drawn from this retrospective study is not as strong as that of prospective studies. Therefore, in the future, multicenter prospective studies need to be improved for verification. Second, this study preliminarily explored and verified the improvement effect of ACEIs and dexmedetomidine on the prognosis of patients with ARDS based on statistics and made predictions about the conclusion in combination with the mechanisms of the two types of drugs. The basic experiments need to be improved in the future to further verify these speculations. Finally, because of the limitations of the database, other confounding factors, such as smoking history, may not have been included in this study. Moreover, there has been no further study on the correlation between drug exposure time and the prognosis of patients with ARDS. Despite these limitations, this study provides novel insights for future prospective research and basic experiments.



5 Conclusion

ARDS is a complication with acute onset and poor prognosis, and its treatment remains complex. However, significant progress has been made in the treatment of ARDS. For example, dexmedetomidine has been shown to improve patient prognosis. Prone positioning has improved ventilation. Despite these advances, consensus has not yet been reached on some issues. For example, while ACEIs can improve the prognosis of patients with ARDS, it is still unclear whether combining dexmedetomidine with ACEIs is superior to using dexmedetomidine alone.

In this study, the improvement effect of ACEIs on the prognosis of patients with ARDS was confirmed, the effect of dexmedetomidine was verified, and it was further found that the combined application of dexmedetomidine and ACEIs has a certain synergistic effect on the improvement of the prognosis of patients with ARDS. In the future, it will be necessary to conduct prospective studies to verify the conclusions of this study and improve basic research to explore the underlying molecular mechanisms.
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