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Abstract
Objective:
To investigate the clinical impact of ventilator-associated events (VAEs) on adverse prognoses and risk factors for mortality among intensive care unit (ICU) patients receiving invasive mechanical ventilation (IMV) based on an ICU healthcare-associated infection (ICU-HAI) registry.
Design:
A cohort study was conducted based on an ICU-HAI registry including 30,830 patients between 2015 and 2018.
Setting:
The study was conducted using data from 5 adult ICUs of a referral hospital.
Patients:
Adult patients in the ICU-HAI registry who received ≥4 consecutive IMV days.
Methods:
Clinical outcomes and mortality risk factors for VAEs were analyzed using propensity score matching (PSM), multivariate regression models, and sensitivity analyses.
Results:
Of 6,426 included patients, 1,803 developed 1,899 VAEs. After PSM, patients with VAEs did have prolonged length of stay in the ICU and in the hospital, increased hospitalization costs, longer days on mechanical ventilation, higher proportion of ≥9 days on mechanical ventilation, higher rate of failure in extubating mechanical ventilation, and excess all-cause mortality in the ICU. Older age (adjusted OR [aOR], 1.02), higher APACHE II score on ICU admission (aOR, 1.06), pneumonia (aOR, 1.49), blood transfusion (aOR 1.43), immunosuppressive drugs (aOR, 1.69), central-line catheter (aOR, 2.06), and ≥2 VAEs in the ICU (aOR, 1.99) were associated with higher risks for all-cause mortality in an ICU.
Conclusions:
Patients with VAEs indeed had poorer clinical outcomes. Older age, higher APACHE II score on ICU admission, pneumonia, blood transfusion, immunosuppressive drugs, central-line catheter, and ≥2 VAEs in the ICU were risk factors for all-cause mortality of VAE patients in the ICU.
[bookmark: LDL_Tnamed_930]
Since 2013, the American Centers for Disease Control and Prevention (CDC) National Healthcare Safety Network (NHSN) has developed the classification of ventilator-associated events (VAEs) to replace ventilator-associated pneumonia (VAP) as a new paradigm for surveillance.1,2 VAP surveillance has the shortcomings of highly subjective and nonspecific definitions.3–5 Since 2015, 3 tiers of VAEs events have been prevalent in intensive care unit (ICUs) and may be associated with poorer outcomes: ventilator-associated conditions (VACs), infection-related ventilator-associated complications (IVACs), and possible VAP (PVAP).6–11
However, uncertainties remain regarding the impact of VAEs. First, the impact of VAEs in different studies has not been consistent.7,8 Second, the impact of VAEs in previous studies may have been overestimated. Most studies selected patients without VAEs, including patients on IMV for <4 days, as the control, whereas ≥4 days on IMV is required for determining a VAE. Third, most studies have a small number of VAE cases, which limits the number of factors that can be studied. This limitation may introduce significant selection biases. We have developed an ICU healthcare-associated infection (ICU-HAI) registry focusing specifically on the management of HAIs in the ICU setting.12 The registry includes the data from prospective VAE surveillance and may provide much-needed real-world evidence regarding VAEs. We investigated the clinical impact of and risk factors for mortality related to VAEs in ICU patients with IMV based on the ICU-HAI registry.
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This cohort study was conducted based on an ICU-HAI registry, and this study was approved by the Ethics Committee of West China Hospital, Sichuan University, with a waiver of informed consent (no. WCH2018-409). Patient data were anonymized prior to analysis. All patient data were retrieved from the ICU-HAI registry.
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The ICU-HAI registry was developed in the ICUs at West China Hospital Healthcare System by integrating multisource data. There are 172 beds in 6 ICUs: general ICU, surgical ICU, neurology ICU, thoracic ICU, respiratory ICU, and pediatric ICU. These ICUs have a total of ~8,000 admissions per year in this 5,000-bed tertiary-care hospital. The ICU-HAI registry was developed based on the linkage of the database of the electronic medical record (EMR) system, the ICU system, and the ICU-HAI system in the hospital. The EMR system collected the routine electronic medical records with annual discharged patients, which exceeded 220,000 from 2016. The ICU system recorded the daily intensive care data of ICU patients, and the ICU-HAI system gathered the prospective surveillance data of HAIs in ICUs using the HAI definitions updated annually by the CDC NHSN.13 The ICU-HAI registry included >20,000 patients and 245,311,294 original records with detailed information regarding the clinical care of patients. This database has previously proven to have a high level of quality and comprehensiveness.12	Comment by nm-edits: AU: Do you mean “in 2016” here or the study period (2015–2018)? CE
[bookmark: LDL_Tnamed_938]Study population
All patients admitted to any of the 6 ICUs between April 1, 2015 and December 31, 2018 in the ICU-HAI registry (extended to December 31, 2018, after our previous study12) were eligible for inclusion in this study. We applied the following exclusion criteria: patients admitted to the pediatric ICU, patients aged <18 years, those without ≥4 consecutive IMV days during an ICU stay, those with a >1-year ICU stay because of medical disputes, and those not of Chinese nationality.
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The exposed group in the cohort for the outcomes contained all patients with VAEs in the ICUs, while the control group consisted of all patients receiving ≥4 consecutive IMV days but without a VAE in an ICU. A mortality risk-factor analysis was conducted in the VAE cohort. For the subgroup analysis for the outcomes of different VAE types, the cohort was limited to the patients who had a VAE only once during an ICU stay. The VAE type was the exposure for the analyses of impact of VAE type on each of the outcomes. The confounders included demographic characteristics (age and sex), illness severity (evaluated by Acute Physiology and Chronic Health Evaluation (APACHE) II score14 during the first 24 hours on ICU admission), comorbidities on ICU admission, some treatment procedures (eg, surgical operation), and HAIs in the ICU. For the analysis of mortality risk factors, potential impact factors were explored in the confounders: demographic characteristics, illness severity, comorbidities, treatment procedures, VAE times (the number of occurrences), HAIs, and tracheotomy in the ICU. These factors were identified through literature review and by consulting ICU and HAI experts. VAEs including VAC, IVAC, and PVAP were identified using the CDC NHSN definitions.13 VAE surveillance was only conducted in ICUs. VAE date was defined as the date of the onset of worsening oxygenation according to the CDC NHSN criteria.13
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We analyzed 8 outcomes: (1) length of stay (LOS) in an ICU, (2) LOS in the hospital, (3) hospitalization costs, (4) days on IMV in an ICU, (5) ≥9 days on IMV in an ICU, (6) failure in extubating IMV on ICU discharge, (7) death in an ICU (all-cause mortality), and (8) predicted death on ICU discharge. Predicted death on ICU discharge included death in an ICU and discharge from an ICU against medical advice because of a critical condition and the desire to pass away at home. In the subgroup analysis for the outcomes of different VAE types, we analyzed days on IMV in an ICU after the VAE date and ≥7 days on IMV in an ICU after the VAE date.
[bookmark: LDL_Tnamed_941]Data collection
All of the patient data including the exposures, confounders and outcomes, were retrieved from the ICU-HAI registry. Variable dictionaries were established for each of the variables. Comorbidities on ICU admission were retrieved using the International Classification of Diseases Tenth Revision (ICD-10) codes and free terms from the diagnoses on ICU admission. Data regarding treatment procedures including surgery (defined as surgeries that required general anesthesia or admission to the operating room), central-line catheter, blood transfusion, and immunosuppressive drugs used intravenously or orally (eg, dexamethasone and sirolimus) during the ICU stay were retrieved based on the medical orders. HAIs and VAEs were determined according to the ICU-HAI surveillance. The economic outcomes and mortality were obtained from the ICU-HAI registry (predicted deaths were evaluated from the discharge records of EMR), and the LOS and IMV outcomes were evaluated using time and IMV variables (eg, admission date and onset date of IMV). For the ICU-HAI registry, baseline data were collected by the infection control nurse of ICU, and VAEs were screened using the registry software. VAEs were identified by infection control practitioners.
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We used STATA version 15.0 software (StataCorp, College Station, TX) to perform the statistical analyses. For the analyses of the impact of VAE on the adverse outcomes, we used propensity score matching (PSM) to ensure that the 2 groups (with or without a VAE) had similar baseline characteristics for each of the outcomes, respectively, in univariate analyses because the outcomes might have been influenced by different factors. Among 8 outcomes, days on IMV did not fit a normal distribution after any transformations and was excluded from the PSM. Variables that might affect an outcome were selected as the matching variables based on the literature and clinical expert advice. Patient matching was conducted in a 1:2 ratio using the nearest neighbor method. We calculated standardized difference (SD) to assess the balance of covariate distribution, and SD ≤ 0.1 exhibited a negligible imbalance between groups.15 We also used multiple linear regression models or logistic regression models to analyze the impact of VAE on outcomes by PSM. The factors that had an SD > 0.1 for a baseline covariate and were not included in the PSM were selected for the multivariate regression models. Logistic regression models were used to analyze the risk factors for mortality of VAE patients. The variables with a P value <.10 in the univariate analysis (and were considered clinically relevant according to the advice of clinical experts and previous studies) were selected for the multivariate regression models. The interaction among the factors was investigated using multicollinearity analyses. All tests were 2-sided, and P < .05 was considered statistically significant.
[bookmark: LDL_Tnamed_943]Subgroup analyses and sensitivity analyses
Subgroup analyses according to the VAE types were conducted to assess the impact of different types of VAE on adverse outcomes. We used logistic regression models for categorical outcomes and optimal scaling regression models for continuous numerical outcomes.
The sensitivity of the results for the impact of VAE was analyzed by propensity score weighting (PSW) and the traditional regression models, using the same adjusting factors with those after PSM. The sensitivity analysis of the mortality risk factor was conducted using predicted death on ICU discharge as the dependent variable.
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[bookmark: LDL_Tnamed_348][bookmark: LDL_Tnamed_346][bookmark: LDL_Tnamed_124][bookmark: LDL_Tnamed_111][bookmark: LDL_Tnamed_110][bookmark: LDL_Tnamed_100][bookmark: LDL_Tnamed_98][bookmark: LDL_Tnamed_94]Baseline clinical features and outcomes of all the 6,426 eligible patients included in this study and the patients with or without VAEs are shown in Table 1. All of the clinical outcomes were significantly different between the 2 groups (P < .001). However, we detected some differences in the baseline clinical features between the 2 groups, such as APACHE II score, chronic lower respiratory disease, and surgery.
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[bookmark: LDL_Tnamed_371][bookmark: LDL_Tnamed_369][bookmark: LDL_Tnamed_367][bookmark: LDL_Tnamed_365][bookmark: LDL_Tnamed_363][bookmark: LDL_Tnamed_358][bookmark: LDL_Tnamed_356][bookmark: LDL_Tnamed_354][bookmark: LDL_Tnamed_350][bookmark: LDL_Tnamed_189][bookmark: LDL_Tnamed_187][bookmark: LDL_Tnamed_185][bookmark: LDL_Tnamed_183][bookmark: LDL_Tnamed_181][bookmark: LDL_Tnamed_172][bookmark: LDL_Tnamed_170][bookmark: LDL_Tnamed_168][bookmark: LDL_Tnamed_166][bookmark: LDL_Tnamed_159][bookmark: LDL_Tnamed_149][bookmark: LDL_Tnamed_144][bookmark: LDL_Tnamed_143][bookmark: LDL_Tnamed_141][bookmark: LDL_Tnamed_129][bookmark: LDL_Tnamed_128][bookmark: LDL_Tnamed_127][bookmark: LDL_Tnamed_126][bookmark: LDL_Tnamed_113][bookmark: LDL_Tnamed_112][bookmark: LDL_Tnamed_102][bookmark: LDL_Tnamed_101][bookmark: LDL_Tnamed_95]In total, 7 PSM models (matching ratio, 1:2; caliper value, 0.02) were developed to control the confounders in the cohorts for the 7 outcomes: LOS in an ICU, LOS in the hospital, hospitalization costs, etc, respectively (see Supplementary Tables 1–6 online). Compared with those without a VAE in the new cohorts, patients with VAEs did have prolonged LOS in an ICU (median, 7 days) and prolonged LOS in the hospital (median, 4 days), increased hospitalization costs (median, 33,170 Chinese yuan [CNY] or ~US$5,100), longer days on IMV (median, 6 days), higher proportion of days on ≥9 IMV days (31.9%), higher rate of failure of extubation of IMV (14.3%), excess mortality in an ICU (6.5%), and higher predicted mortality in an ICU (13.6%) (P < .05) (Table 2). In the multivariate regression analyses (Table 3), VAE was indeed associated with poorer clinical outcomes. Supplementary Table 7 (online) list the adjusting factors for each of the outcomes in the PSM cohorts. The sensitivity analyses showed similar results, indicating the robustness of the primary results (Table 3).
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[bookmark: LDL_Tnamed_933]Discussion
In this study, most VAE cases and the largest IMV cohort were successfully collected among studies on VAE up to now, which enabled the inclusion of many confounders to reduce the bias. We anticipate that this study based on the ICU-HAI registry could yield important evidence about VAEs in the ICU setting in China and worldwide.
[bookmark: LDL_Tnamed_351][bookmark: LDL_Tnamed_132][bookmark: LDL_Tnamed_116]The observed that the impact of VAEs on poorer outcomes in most previous studies was greater than in our study (Table 2).7–11,15–18 Lilly et al7 reported that VAE patients had prolonged LOS in hospital by 10.2 days, longer days on IMV by 10 days, and excess all-cause mortality of 19.2%. Muscedere et al15 showed that VAE patients had prolonged LOS in the ICU by 9.9 days and in the hospital by 9.9 days, longer days on IMV by 8.2 days, and excess all-cause mortality of 17.9%. Klompas et al16 reported that VAE patients had prolonged LOS in the ICU by 8.3 days and in the hospital by 5 days, longer days on IMV by 7 days, and excess all-cause mortality of 15%. One possible reason for this discrepancy is inconsistent inclusion criteria. Many previous studies have selected patients without VAEs, including patients with <4 IMV days as the control, while ≥4 IMV days is the premise for determining a VAE. Patients with <4 IMV days will never develop a VAE by definition, and they probably had better outcomes because of the shorter duration on IMV and lower illness severity. Therefore, the impact of VAE on patients in previous studies may have been overestimated. A study focusing on patients on ≥4 IMV days had only collected 54 VAEs (no PVAP cases) and had not conducted comparisons between VAE and non-VAE patients.19 Our multicenter study conducted in 15 ICUs in China has shown higher values than this previous study while selecting the same control.11 However, only univariate comparisons were conducted, and 94 VAE cases were collected in that short-term study, which may have limited the internal validity of the results. In our study, we conducted multivariate comparisons after PSM and sensitivity analyses, which showed similar results and supported the robustness of the results. Furthermore, the poorer outcomes, including increased hospitalization costs, higher risks for ≥9 days on IMV, and failure of extubation from IMV were reported for the first time. These findings provided more information on the adverse impact of VAEs.
Few previous studies have reported the differences in clinical impact among the 3 VAE types. In our previous study, we compared patients with IVACs or PVAP with those with VACs using univariate analyses only. Patients with IVACs or PVAP seemed to have longer days of IMV and LOS in an ICU than those with VACs but not longer LOS in the hospital or higher mortality. Further analyses based on univariate and multivariate models in this study identified that patients with PVAP had the highest hospitalization costs and risks for long duration on IMV in patients with VAEs. Therefore, PVAP leads to increased use of medical resources and should be given more attention among the VAE types.
Furthermore, ICU patients with the all-cause mortality risk factors investigated in this study should be more strictly monitored and protected to prevent deaths after VAEs. Age, APACHE II score, pneumonia on ICU admission, and surgery cannot be adjusted to prevent the death of a VAE patient, whereas blood transfusions, immunosuppressive drugs, central-line catheters, and VAEs in an ICU are adjustable. The application of blood transfusions and central-line catheters should be undertaken more cautiously in ICU patients with VAEs. Conservative blood-transfusion thresholds and central-line catheter indications may be helpful to prevent deaths in patients with VAEs. Avoiding a second VAE episode for a VAE patient might be an important potential measure to prevent deaths in patients with VAEs. Interestingly, VAE patients who had had surgery or tracheotomy were at lower risk for all-cause mortality in the ICU. In our ICUs, most patients with surgeries had fewer underlying diseases and had better outcomes than patients without surgeries, regardless of the presence of VAEs. Moreover, tracheotomy might be useful to improve the ventilation function and to prevent deaths in ICU patients with VAEs who had poor ventilation function.1
This study has several limitations. First, all confounders were retrieved from the ICU-HAI registry, and these data depend on the quality of the registry. Any potential confounders that could not be found in the registry were not analyzed. Second, we only evaluated the medical data in a single-center design. The generalizability of our findings could be limited by the hospital type and the high prevalence of VAEs in this hospital. Third, different surgeries may have different impacts on subsequent complications and outcomes, but we did not stratify the type of surgery for this analysis. Fourth, APACHE II scores were only obtained once on ICU admission and were not reevaluated on the date of VAEs.
In conclusion, when restricting the control to patients without VAEs but with ≥4 consecutive IMV days during an ICU stay, patients with VAE still had poorer clinical outcomes. Patients with PVAP had the highest hospitalization costs and risks for long duration on IMV in those with VAEs. Older age, higher APACHE II score on ICU admission, pneumonia, blood transfusion, immunosuppressive drugs, central-line catheter, or ≥2 VAEs in an ICU were risk factors for all-cause mortality of VAE patients in an ICU, whereas surgery and tracheotomy were associated with lower risk for all-cause mortality in ICU patients with VAEs.
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[bookmark: LDL_Tnamed_1]Fig. 1. Inclusion and exclusion of patients in this study. Note. ICU, intensive care unit; IMV, invasive mechanical ventilation; VAE, ventilator-associated event.
[bookmark: LDL_Tnamed_2]Fig. 2. Proportions and rates of different VAE types. Note. VAE, ventilator-associated event; VAC, ventilator-associated condition; IVAC, infection-related ventilator-associated complication; PVAP, possible ventilator-associated pneumonia.
[bookmark: LDL_Tnamed_3]Table 1. Baseline Clinical Features and Outcomes of Patients With VAE or Without VAE
	Features
	Total
(n=6,426)
	Patients With VAE (n=1,803)
	Patients Without VAE (n=4,623)
	[bookmark: Table_1_fncite_948]P Valuea

	Age, median y (IQR)
	60 (48–72)
	59 (47–71)
	60 (48–72)
	.059

	Sex, male, no. (%)
	4,051 (63.0)
	1,156 (64.1)
	2,895 (62.6)
	.265

	APACHE II score on ICU admission, mean ± SD
	20.4±7.3
	19.0±8.1
	22.4±8.5
	.007

	Chronic underlying diseases, no. (%)
	
	
	
	

	Diabetes
	1,087 (16.9)
	299 (16.6)
	788 (17.0)
	.657

	Chronic heart diseases
	516 (8.0)
	145 (8.0)
	371 (8.0)
	.982

	Hypertension
	2,245 (34.9)
	628 (34.8)
	1,617 (35.0)
	.912

	Chronic lower respiratory diseases
	1,015 (15.8)
	251 (13.9)
	764 (16.5)
	.010

	Chronic renal disease
	305 (4.7)
	77 (4.3)
	228 (4.9)
	.263

	Malignancies
	727 (11.3)
	186 (10.3)
	541 (11.7)
	.115

	Gastrointestinal bleeding
	416 (6.5)
	117 (6.5)
	299 (6.5)
	.975

	ARDS
	292 (4.5)
	77 (4.3)
	215 (4.7)
	.511

	Pneumonia
	3,076 (47.9)
	872 (48.4)
	2,204 (47.7)
	.619

	Shock
	884 (13.8)
	251 (13.9)
	633 (13.7)
	.811

	Multiple organ failure
	934 (14.5)
	248 (13.8)
	686 (14.8)
	.268

	Surgical operation
	4,615 (71.8)
	1,388 (77.0)
	3,227 (69.8)
	<.001

	Blood transfusion
	3,850 (59.9)
	1,195 (66.3)
	2,655 (57.4)
	<.001

	Immunosuppressive drugs
	4,222 (65.7)
	1,239 (68.7)
	2,983 (64.5)
	.001

	HAIs other than PVAP
	634 (9.9)
	267 (14.8)
	367 (7.9)
	<.001

	Central-line catheter
	4,645 (72.3)
	1,404 (77.9)
	3,241 (70.1)
	<.001

	Onset of IMV in an ICU
	517 (8.0)
	132 (7.3)
	385 (8.3)
	.182

	Outcomes
	
	
	
	

	LOS in an ICU, median d (IQR)
	14 (8–23)
	19 (11–30)
	12 (8–20)
	<.001

	LOS in hospital, median d (IQR)
	24 (15–36)
	27 (17–42)
	22 (15–34)
	<.001

	Hospitalization costs, median CNY (IQR)	Comment by nm-edits: ED/AU: You may wish to ask the author to provide the US$ values where CNY are listed. CE
	137,239
(84,340–214,795)
	169,042
(109,586–261,271)
	126,760
(77,526–194,995)
	<.001

	IMV, median d (IQR)
	9 (6–15)
	13 (8–22)
	7 (5–13)
	<.001

	≥9 d on IMV, no. (%)
	3,273 (50.9)
	1,339 (74.3)
	1,934 (41.8)
	<.001

	Failure in extubation of IMV, no. (%)
	2,048 (31.9)
	772 (42.8)
	1,276 (27.6)
	<.001

	Deaths in an ICU (mortality)
	909 (14.1)
	339 (18.8)
	570 (12.3)
	<.001

	[bookmark: Table_1_fncite_949]Predicted deathsb (predicted mortality)
	2,065 (32.1)
	760 (42.2)
	1,305 (28.2)
	<.001


NOTE. VAE, ventilator-associated event; IQR, interquartile range; APACHE, Acute Physiology and Chronic Health Evaluation; ICU, intensive care unit; SD, standard difference; ARDS, acute respiratory distress syndrome; HAI, healthcare-associated infection; PVAP, possible ventilator-associated pneumonia; IMV, invasive mechanical ventilation; LOS, length of stay; CNY, Chinese yuan; ICU type was not included because of collinearity with the surgery and comorbidities in the multivariate analysis
[bookmark: Table_1_Label_969]aP values < .05 are shown in bold.
[bookmark: Table_1_Label_970]bPredicted deaths included deaths in an ICU and patients discharged from ICU against medical advice because of a critical condition and the desire to pass away at home.
[bookmark: LDL_Tnamed_4]Table 2. Excess Outcomes of VAE After PS Matching
	Outcomes
	Matched Ratio
	With VAE
	Without VAE
	Excess Values
	[bookmark: Table_2_fncite_950]P Valuea

	LOS in an ICU, median d (IQR)
	1,800:2,297
	19 (11–30)
	12 (8–21)
	7
	<.001

	LOS in hospital, median d (IQR)
	1,802:2,280
	27 (17–42)
	23 (15–35)
	4
	<.001

	Hospitalization costs, median CNY (IQR)	Comment by nm-edits: ED/AU: You may wish to ask the author to provide the US$ values where CNY are listed. CE
	1,800:2,255
	169,021
(109,468–260,956)
	135,851
(84,768–205,824)
	33,170
	<.001

	≥9 d on IMV, no. (%)
	1,802:2,315
	1,338 (74.3)
	982 (42.4)
	31.9
	<.001

	Failure in extubation of IMV, no. (%)
	1,801:2,281
	771 (42.8)
	649 (28.5)
	14.3
	<.001

	Deaths in an ICU (mortality)
	1,803:2,319
	339 (18.8)
	286 (12.3)
	6.5
	<.001

	[bookmark: Table_2_fncite_951]Predicted deaths (predicted mortality)b
	1,803:2,319
	760 (42.2)
	664 (28.6)
	13.6
	<.001


NOTE. VAE, ventilator-associated event; PS, propensity score; LOS, length of stay; ICU, intensive care unit; IQR, interquartile range; CNY, Chinese yuan; IMV, invasive mechanical ventilation.
[bookmark: Table_2_Label_971]aP values <.05 are shown in bold.
[bookmark: Table_2_Label_972][bookmark: Table_2_Label_973]b Predicted deaths included deaths in an ICU and patients discharged from ICU against medical advice because of a critical condition and the desire to pass away at home.
[bookmark: LDL_Tnamed_5]Table 3. Clinical Impacts of VAE From Multivariate Analysis in the PSM Cohorts and the Sensitivity Analysis
	Models
	Logarithmic Value of LOS in an ICU
[bookmark: Table_3_fncite_952]βa (95% CI)
	Logarithmic Value of LOS in Hospital
β (95% CI)
	Logarithmic Value of Hospitalization Costs
β (95% CI)
	[bookmark: Table_3_fncite_953]≥9 Days on IMV, OR (95% CI)b
	Failure in Extubating IMV
OR (95% CI)
	Death in an ICU
OR (95% CI)
	[bookmark: Table_3_fncite_954]Predicted Deathc
OR (95% CI)

	
	(n=4,097)
	(n=4,082)
	(n=4,055)
	(n=4,117)
	(n=4,082)
	(n=4,122)
	(n=4,122)

	[bookmark: Table_3_fncite_955]After PSMd
	
	
	
	
	
	
	

	Unadjusted
	0.16
(0.15–0.18)
	0.07
(0.05–0.09)
	0.11
(0.09–0.13)
	3.91
(3.42–4.48)
	3.86
(3.36–4.43)
	1.65
(1.39–1.95)
	1.82
(1.60–2.07)

	[bookmark: Table_3_fncite_956]Adjustede
	0.14
(0.12–0.16)
	0.06
(0.04–0.08)
	0.09
(0.07–0.10)
	3.86
(3.36–4.43)
	1.68
(1.37–2.06)
	1.62
(1.36–1.94)
	1.80
(1.57–2.05)

	[bookmark: Table_3_fncite_957]After PSW (n=6,426)d
	

	Unadjusted
	0.16
(0.14–0.18)
	0.06
(0.04–0.08)
	0.11
(0.09–0.12)
	3.76
(3.33–4.25)
	1.59
(1.34– 1.89)
	1.56
(1.35–1.82)
	1.73
(1.54–1.95)

	[bookmark: Table_3_fncite_958]Adjustede
	0.14
(0.12–0.16)
	0.06
(0.04–0.07)
	0.09
(0.07–0.10)
	3.79
(3.34–4.30)
	1.64
(1.37– 1.97)
	1.58
(1.35–1.85)
	1.76
(1.56–1.98)

	[bookmark: Table_3_fncite_959]Traditional regression(n=6,426)d

	Unadjusted
	0.17
(0.15–0.19)
	0.08
(0.07–0.10)
	0.14
(0.12–0.16)
	4.01
(3.56–4.53)
	1.58
(1.33– 1.86)
	1.64
(1.42–1.91)
	1.62
(1.39–1.89)

	[bookmark: Table_3_fncite_960]Adjustede
	0.14
(0.13–0.16)
	0.06
(0.04–0.07)
	0.09
(0.08–0.10)
	3.88
(3.42–4.39)
	1.61
(1.35– 1.92)
	1.62
(1.39–1.89)
	1.70
(1.47– 1.95)


Note. VAE, ventilator-associated event; PSM, propensity score matching; LOS, length of stay; ICU, intensive care unit; β, unstandardized coefficients of multiple linear regression model; CI, confidence interval; IMV, invasive mechanical ventilation; OR, odds ratio; PSW, propensity score weighting.
[bookmark: Table_3_Label_974]aContinuous outcomes were analyzed using multiple linear regression models. Logarithmic transformations were conducted for the dependent variables which were not fit for a normal distribution. Days on IMV was replaced by ≥9 days on IMV because the data were not fit for a normal distribution after any transformations.
[bookmark: Table_3_Label_975]bCategorical outcomes were analyzed by logistic regression models.
[bookmark: Table_3_Label_976]cPredicted deaths included deaths in an ICU and patients discharged from ICU against medical advice because of a critical condition and the desire to pass away at home.
[bookmark: Table_3_Label_977]dAll P values < .001.
[bookmark: Table_3_Label_978][bookmark: Table_3_Label_979]e Adjusted for the same confounders for the 3 methods in each of the outcomes, respectively.
[bookmark: LDL_Tnamed_6]Table 4. Relation Between VAE Types and Outcomes From Multivariate Analyses
	[bookmark: Table_4_fncite_961]Outcomesa
	VAE types
	[bookmark: Table_4_fncite_962][bookmark: Table_4_fncite_963]Adjusted βb or ORc
	95% CI
	P
[bookmark: Table_4_fncite_964]Valued

	Log value of LOS in an ICU
	…
	β = 0.01
	…
	.431

	Log value of hospitalization costs
	…
	β = 0.09
	…
	<.001

	≥ 9 d on IMV
	VAC
	Ref
	…
	<.001

	
	IVAC vs Non-IVAC
	OR = 1.81
	1.39-2.35
	<.001

	
	PVAP vs Non-PVAP
	OR = 2.56
	1.62-4.03
	<.001

	≥7 d on IMV after the VAE date
	VAC
	Ref
	…
	.002

	
	IVAC vs Non-IVAC
	OR = 1.38
	1.11-1.72
	.004

	
	PVAP vs Non-PVAP
	OR = 1.61
	1.15-2.26
	.006


NOTE. VAE, ventilator-associated event; β, unstandardized coefficients of optimal scaling regression models; OR, odds ratio; CI, confidence interval; LOS, length of stay; ICU, intensive care unit; IMV, invasive mechanical ventilation; VAE, ventilator-associated event; VAC, ventilator-associated condition; IVAC, infection-related ventilator-associated complication; PVAP, possible ventilator-associated pneumonia; Ref, reference.
[bookmark: Table_4_Label_980]aMultivariate analyses were only conducted for the outcomes which had significant difference in the univariate analyses on VAE types. The adjusting factors for each of the clinical outcomes are shown in Supplementary Table 9 (online).
[bookmark: Table_4_Label_981]bContinuous outcomes were analyzed by optimal scaling regression models.
[bookmark: Table_4_Label_982]cCategorical outcomes were analyzed by logistic regression models.
[bookmark: Table_4_Label_983]dP values < .05 are shown in bold.
[bookmark: LDL_Tnamed_7]Table 5. ICU Mortality Risk Factors for VAE Patients (Logistic Regression)
	Variables
[bookmark: Table_5_fncite_965](n=1,803)a
	Univariate Analysis
	Multivariate Analysis
	Sensitivity Analysis by Predicted Deathsd

	
	OR (95% CI)
	P
[bookmark: Table_5_fncite_966]Valueb
	Adjusted OR (95% CI)
	P
[bookmark: Table_5_fncite_967]Valuec
	Adjusted OR (95% CI)
	P
[bookmark: Table_5_fncite_968]Valuec

	Age, y
	1.02 (1.01–1.03)
	<.001
	1.02 (1.01–1.02)
	<.001
	1.01 (1.01–1.02)
	<.001

	Sex, male
	1.09 (0.85–1.40)
	.478
	
	
	
	

	APACHE II score on ICU admission
	1.08 (1.06–1.10)
	<.001
	1.06 (1.04–1.08)
	<.001
	1.05 (1.03–1.07)
	<.001

	Chronic underlying diseases
	
	
	
	
	

	Diabetes
	1.54 (1.15–2.06)
	.004
	
	NA
	
	NA

	Chronic heart diseases
	1.87 (1.28–2.73)
	.001
	
	NA
	
	NA

	Hypertension
	1.23 (0.96–1.56)
	.102
	
	
	
	

	Chronic lower respiratory diseases
	1.94 (1.43–2.62)
	<.001
	
	NA
	
	NA

	Chronic renal disease
	1.90 (1.15–3.14)
	.012
	
	NA
	
	NA

	Malignancies
	1.59 (1.12–2.25)
	.010
	
	NA
	
	NA

	Gastrointestinal bleeding
	1.54 (1.00–2.34)
	.052
	
	NA
	
	NA

	ARDS
	1.79 (1.07–2.96)
	.027
	
	NA
	
	NA

	Pneumonia
	1.86 (1.46–2.36)
	<.001
	1.49 (1.14–1.93)
	.003
	1.33 (1.08–1.64)
	.007

	Shock
	1.40 (1.02–1.92)
	.040
	
	NA
	
	NA

	Multiorgan failure
	2.17 (1.61–2.93)
	<.001
	
	NA
	
	NA

	Surgery
	0.49 (0.38–0.64)
	<.001
	0.57 (0.43–0.76)
	<.001
	0.65 (0.51–0.83)
	.001

	Blood transfusions
	1.90 (1.44–2.50)
	<.001
	1.43 (1.10–1.95)
	.021
	1.52 (1.20–1.91)
	<.001

	Immunosuppressive drugs
	1.84 (1.39–2.44)
	<.001
	1.69 (1.25–2.29)
	.001
	1.84 (1.46–2.30)
	<.001

	HAIs other than PVAP
	0.88 (0.63–1.24)
	.476
	
	NA
	
	NA

	Central-line catheter
	2.35 (1.66–3.33)
	<.001
	2.06 (1.41–3.00)
	<.001
	1.97 (1.50–2.58)
	<.001

	With ≥2 VAEs
	1.74 (1.08–2.81)
	.023
	1.99 (1.17–3.38)
	.011
	1.82 (1.14–2.91)
	.013

	With tracheotomy
	0.40 (0.29–0.55)
	<.001
	0.38 (0.27–0.53)
	<.001
	0.47 (0.37–0.59)
	<.001


NOTE. ICU, intensive care unit; VAE, ventilator-associated event; OR, odds ratio; CI, confidence interval; APACHE, Acute Physiology and Chronic Health Evaluation; ARDS, acute respiratory distress syndrome; HAI, healthcare-associated infection; PVAP, possible ventilator-associated pneumonia.
[bookmark: Table_5_Label_984]aAll variables were selected into the multivariate logistic regression model except hypertension and male sex.
[bookmark: Table_5_Label_985]bVariables were analyzed by univariate logistic regression models. Parameters with p < 0.1 are shown in bold.
[bookmark: Table_5_Label_986]c	Comment by ramesh.l: AU: Please add a definition for footnote c in Table 5 where shown. Thank you. 
[bookmark: Table_5_Label_987]dPredicted deaths included deaths in an ICU and patients discharged from ICU against medical advice because of critical conditions and the desire to pass away at home.

