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Abstract

:

Right ventricular (RV) dysfunction is associated with poor prognosis in acute respiratory failure (ARF). Our study evaluates the efficacy of RV strain in detecting RV dysfunction in ARF patients requiring invasive mechanical ventilation (IMV) compared to tricuspid annular plane systolic excursion (TAPSE). In this retrospective study involving 376 patients diagnosed with ARF and requiring IMV, we extracted clinical and outcome data from patient records. RV global longitudinal strain (RVGLS), free wall longitudinal strain (FWLS), and TAPSE were measured retrospectively using speckle tracking echocardiography (STE) and traditional echocardiography, respectively. We divided the cohort into three groups: TTE during IMV (TTE-IMV, 223 patients), before IMV (TTE-bIMV, 68 patients), and after IMV (TTE-aIMV, 85 patients). Multivariable regression analysis, adjusted for covariates, revealed significantly higher RVGLS and FWLS in the groups not on IMV at the time of TTE compared to the TTE-IMV group. Specifically, the TTE-bIMV group showed higher RVGLS (β = 7.28, 95% CI 5.07, 9.48) and FWLS (β = 5.83, 95% CI 3.36, 8.31), while the TTE-aIMV group exhibited higher RVGLS (β = 9.39, 95% CI 6.10, 12.69) and FWLS (β = 7.54, 95% CI 4.83, 10.24). TAPSE did not reveal any significant differences across the groups. Our study suggests an association between IMV and lower RVGLS and FWLS in ARF patients, indicating that IMV itself may contribute to RV dysfunction. RVGLS and FWLS appear to be more sensitive than TAPSE in detecting changes in RV function that were previously subclinical in patients on IMV. Prospective studies with TTE before, during, and after IMV are necessary to assess the primary driver of RV dysfunction and to prognosticate STE-detected RV dysfunction in this population.
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1. Introduction


Right ventricular (RV) dysfunction is associated with adverse clinical outcomes and poor prognosis in various disease states, and the incidence of RV dysfunction in acute respiratory failure (ARF) ranges from 20 to 25% [1,2,3,4,5]. Different methods are used to evaluate and monitor RV function in the medical intensive care unit (MICU), each with its strengths and weaknesses. While invasive hemodynamic monitoring provides real-time information on intrapulmonary and intra-cardiac pressures, it carries an increased risk of complications and does not assess changes in RV contractility [6,7]. The non-invasive assessment of RV function can be challenging due to the complex geometry and retrosternal location of the RV, often obscured by the sternal shadow [8]. Traditional 2-D echocardiography (TTE) is a non-invasive means to evaluate RV function with minimal risk to patients. However, at least two or more echocardiographic parameters are required for an accurate objective multi-parametric assessment of RV function [9], including a gross qualitative visual assessment of RV contractility, tricuspid annular planner systolic excursion (TAPSE), fractional area change (FAC), Doppler S’, and right ventricular index of myocardial performance (RIMP) [9,10,11]. In addition, cardiac MRI (cMRI), which is a non-invasive gold standard for assessing RV function [12,13], is not a practically feasible method to assess RV function in MICU patients. Currently, TAPSE is the most commonly reported quantitative measure for assessing RV function in critical care settings (CCSs). It is angle- and load-dependent and evaluates RV function longitudinally at a single segment of the lateral annulus only [14], thereby missing other important RV segments including the remaining free wall segments (mid and apical free wall segments) [15]. It has also shown reduced sensitivity in detecting RV dysfunction in patients with chronic heart failure and post-cardiac surgery, compared to RVGLS [16,17]. Baron et al. noted TAPSE’s limited ability to identify RV failure, detecting only 36.5% of the cases among septic shock patients requiring mechanical ventilation [18]. In contrast, RVGLS, measured with speckle tracking echocardiography (STE), presents several advantages over TAPSE. It provides a more objective evaluation of RV function, being less angle- and load-dependent [19], and assessing all the RV myocardial segments. Unlike TAPSE, RVGLS is less influenced by RV geometry and distinguishes between active and passive myocardial motion [8,15,20]. Additionally, GLS correlates strongly with RV ejection fraction (EF) measured by cMR [21] and shows greater reproducibility, with a lower coefficient of variation and higher intra-class correlation coefficient compared to TAPSE and cMR-measured RV function [22]. Furthermore, RVGLS and free wall longitudinal strain (FWLS) have emerged as predictors of prognosis and clinical outcomes across diverse patient cohorts [16,17,23,24,25].



The use of STE has been validated in CCS and is increasingly being used to assess RV function due to its convenience, sensitivity, and reproducibility [26,27]. While invasive mechanical ventilation (IMV) exerts multiple hemodynamic and non-hemodynamic effects on cardiovascular function [28,29,30], there are limited data assessing its acute impact on RV systolic function by STE, particularly in ARF patients. We applied STE retrospectively to echocardiograms in ARF patients requiring IMV to evaluate potential differences in RV systolic function based on the presence or absence of IMV at the time of STE. Our hypothesis is that RVGLS and FWLS will be lower in ARF patients while on IMV compared to when they are not on IMV, even after adjustment for the severity of illness.




2. Materials and Methods


This retrospective study was conducted jointly at Rhode Island Hospital and The Miriam Hospital, with approval obtained on 28 January 2018 from the Lifespan institutional review boards (IRBs) of both institutions (approval reference: 201018 45CFR) of the research proposal titled “Left and Right Ventricular Dysfunction by Speckle-Tracking Echocardiography as a Predictor of Outcomes in Respiratory Failure”. Informed consent was waived [26] and the study was conducted according to the ethical principles outlined by the IRB and the Helsinki Declaration.



All adult patients with a primary diagnosis of ARF requiring IMV for more than 24 h who had transthoracic echocardiography (TTE) during MICU admission between January 2010 and January 2018 were included. Given the retrospective nature of this study, the subjects were divided into three distinct groups based on the timing of TTE performed relative to when they were on IMV: TTE during IMV (TTE-IMV), TTE before IMV (TTE-bIMV), and TTE after IMV (TTE-aIMV). All the subjects had at least one TTE performed during their MICU stay and were categorized according to the first echocardiogram with interpretable images that was performed if none were performed while on IMV [26]. In the patients who had TTE performed while off IMV (TTE-bIMV and TTE-aIMV), the echocardiography closest to the time of IMV was used for the analyses. All the subjects were included in only one subgroup. We removed any duplicates and took whichever echocardiogram had the best images, and if multiple were good, we took the one while on IMV and included that participant in the TTE-IMV group only. The exclusion criteria included (1) pregnancy, (2) intubation for reasons other than ARF (e.g., airway protection), (3) left ventricular ejection fraction (LVEF) less than 40%, (4) more than moderate aortic or mitral valve disease as reported in clinical echocardiography reports, (5) prosthetic heart valves, (6) pericardial effusion with tamponade physiology, (7) congenital heart pathology, or (8) insufficient image quality to perform STE analysis which included inability to visualize the free wall or the inappropriate tracking of more than one wall of RV (Figure 1). The TTE-IMV group had some data reported by this working group in a prior publication [26]. The study is reported according to the Strengthening the Reporting of Observational studies in Epidemiology (STROBE) framework for observational studies [31].



2.1. Clinical Variables


The clinical and outcome data, including demographics, social and medical histories, ARF etiology, illness severity score variables (Acute Physiology and Chronic Health Evaluation [APACHE] II), vasopressor and inotrope use, and echocardiography parameters, were collected from each subject’s electronic medical record. The data for APACHE II were obtained within 10 h of echocardiography, and the missing variables were assigned the worst possible value. The recorded data were stored in the Research Electronic Data Capture (RedCap) database.




2.2. Traditional 2-D and STE Measurements


Standard TTE and STE measurements were obtained de novo by three trained investigators (S.W., J.S., and Philip Haines), who were blinded to the original echocardiography reports and clinical data. J.S. and Philip Haines measured the RV function parameters in those who had TTE at the time of IMV [26], while S.W and Philip Haines measured these parameters in the subjects not on IMV at the time of TTE (TTE-aIMV and TTE-bIMV). The latter two were blinded to the timing of TTE with respect to IMV. The 2-D and Doppler echocardiography parameters including TAPSE and RVFAC were measured according to the American Society of Echocardiography (ASE) guidelines [11]. LV ejection fraction (LVEF) was obtained from the clinical echocardiography reports.



All the images were analyzed using 2-D cardiac performance analysis version 3.0 (TomTec Imaging Systems, Chicago, IL, USA) in the apical 4-chamber (A 4-C) and subcostal views (SC). RV deep phenotyping was performed according to recommendations from the ASE and the European Association of Cardiovascular Imaging [32,33]. The region of interest (ROI) was obtained by manually tracing the RV endocardium from the lateral to the medial tricuspid annulus along the endocardial border at the end of the diastolic and systolic phases of the cardiac cycle [33]. The RV-focused (A 4-C) was preferred, and the SC was only used if (A 4-C) was suboptimal or not available. The RV strain was reported as an absolute value with lower values correlating to worse strain.




2.3. Reliability Analysis for RV Function Parameters


Inter- and intra-class variability was assessed in 10% of the subjects in each group (TTE-IMV and combined TTEaIMV and TTE-bIMV) and was evaluated using predefined cutoffs: poor (<0.5), moderate (0.5–0.75), good (0.75–0.9), and excellent (>0.9) [34]. These were calculated using two-way mixed-effects models.




2.4. Statistical Analysis


The continuous variables were summarized as mean and standard deviation for the normally distributed data and as median (interquartile range, IQR) for the non-normally distributed data. The categorical data were presented as frequency and percentages and compared using Pearson’s chi-squared or Fisher’s exact test as appropriate. Logistic and linear regression models were employed to compare the measures of RV function across the TTE-IMV, TTE-bIMV, and TTE-aIMV groups, adjusting for confounders including sex, chronic lung disease, LVEF, and APACHE II score. The TTE-IMV group served as the reference, with differences in means reported as β-coefficients. Statistical significance was set at p < 0.05, with analyses conducted using Stata/MP 16.1 (College Station, TX, USA).





3. Results


Among the 376 patients admitted to the MICU with ARF requiring IMV and included in the study sample, the TTE-IMV, TTE-bIMV, and TTE-aIMV groups consisted of 223, 68, and 85 subjects, respectively. The median age of the total cohort was 65 years (IQR: 56–74), with 53.2% being male. The clinical characteristics of the three groups were generally similar; however, there were differences in median body mass index, the presence of shock requiring vasopressor medications, and the etiology of ARF (Table 1). Pneumonia was the predominant cause of ARF across all three groups. Additionally, a history of chronic obstructive pulmonary disease or obstructive sleep apnea was more common in the TTE-aIMV group. As expected, the TTE-IMV group had a higher median total APACHE II score compared to the other two groups, and the TTE-bIMV group had a higher median total APACHE II score compared to the TTE-aIMV group.



The TTE-IMV group underwent a TTE with a mean of 1.4 ± 1.9 days after intubation. Conversely, the subjects in the TTE-bIMV and TTE-aIMV groups underwent TTE an average of 3.6 ± 3.9 days before the initiation of IMV and approximately 3.2 ± 2.7 days after extubation, respectively. The median positive end expiratory pressure (PEEP) among the participants in the TTE-IMV group was 8 (IQR 5–10) cmH2O. In addition, the mean LVEF of all three groups was normal and was reported to be 59.4 ± 10.6, 62.1 ± 9.8, and 61.1 ± 9.2, for the TTE-IMV, TTE-bIMV, and TTE-aIMV groups, respectively.



The TTE-IMV group had significantly worse RV function compared to the TTE-bIMV and TTE-aIMV groups as assessed by RVGLS, FWLS, and TAPSE (Table 2). A subgroup analysis of the TTE-IMV group showed no significant association between PEEP and any of our echocardiographic measures of RV function, including RVGLS.



3.1. Invasive Mechanical Ventilation as a Predictor of RV Function


In the unadjusted multivariable regression analysis assessing the association between IMV and RV function, we found significant differences between the means of the reference group (TTE-IMV) and the other two groups. Specifically, RVGLS was significantly better in the two groups not on IMV at the time of TTE (TTE-bIMV: β = 7.05, 95% CI 5.14 to 8.96, p < 0.001; TTE-aIMV: β = 8.04, 95% CI 6.41 to 9.67, p < 0.001). Similar significant differences were seen in FWLS (TTE-bIMV: β = 5.88, 95% CI 3.69 to 8.08, p < 0.001; TTE-aIMV: β = 7.82, 95% CI 5.82 to 9.81, p < 0.001) and TAPSE (TTE-bIMV: β = 2.12, 95% CI 0.49 to 3.75, p < 0.01; TTE-aIMV: β = 3.68, 95% CI 2.10 to 5.18, p < 0.001) in the TTE-bIMV and TTE-aIMV groups (Table 3).



After adjusting for sex, chronic lung disease, LVEF, and APACHE II score, the differences in the means continued to show significantly better RV function in the groups not on IMV at the time of TTE as measured by RVGLS (TTE-bIMV: β = 7.28, 95% CI 5.07 to 9.48, p < 0.001; TTE-aIMV: β = 9.39, 95% CI 6.10 to 10.69, p < 0.001) and FWLS (TTE-bIMV: β = 5.83, 95% CI 3.36 to 8.31; TTE-aIMV: β = 7.54, 95% CI 4.83 to 10.24, p < 0.001). However, no significant differences were found in TAPSE (TTE-bIMV: β = 0.58, 95% CI −1.25 to 2.41, p = 0.53; TTE-aIMV: β = 1.38, 95% CI −0.76 to 3.53, p = 0.21) (Table 3).



RVFAC was significantly lower in the TTE-bIMV and TTE-aIMV groups as compared to the TTE-IMV group, and this trend continued after adjusting for covariates. However, FAC remained within the normal range across all three groups (Table 2 and Table 3).




3.2. Reliability Analysis


In the cohort that had TTE performed while off IMV, TAPSE showed excellent reliability (ICC = 0.95), while RV-FAC and FWLS showed good reliability (ICC = 0.80 and ICC = 0.84, respectively). GLS had moderate reliability with an ICC of 0.71. In contrast, the inter-class coefficient (ICC*) for RV-GLS and FWLS was moderate (ICC* = 0.66 and ICC* = 0.56, respectively), and RV-FAC and TAPSE was good (ICC* = 0.63 and ICC* = 0.77, respectively). Furthermore, the ICC for the TTE-IMV group revealed excellent reliability for TAPSE (ICC = 0.99), good reliability for GLS (ICC = 0.85), and moderate reliability for FWLS (ICC = 0.66) (Supplementary Table S1) [26].





4. Discussion


Our study showed an association between the presence of IMV and lower RVLS (both GLS and FWLS) in critically ill patients requiring IMV during their MICU admission compared to those with ARF who were not on IMV at the time of TTE. It also showed RVGLS and FWLS detected acute RV dysfunction (defined as mean GLS, FWLS, and TAPSE less than 24.5 ± 3.8, 28.5 ± 4.8, and 17 mm, respectively) in the ARF patients admitted to the MICU that was not appreciated by standard TTE parameters like TAPSE and FAC after adjusting for patient factors.



IMV plays a crucial role in modifying cardiopulmonary hemodynamics through various mechanisms. Similarly, numerous studies have proposed that IMV and ARF have direct impacts on RV function [28,29,30,35,36], consistent with our findings. Positive pressure ventilation (PPV) and peak end expiratory pressure (PEEP) increase intrathoracic pressure, leading to reduced venous return and the displacement of the IVS towards the RV [30]. This alteration in cardiac mechanics can affect cardiac output (CO) [29] and patients with pre-existing cardiac dysfunction may experience a more pronounced decrease in CO while on IMV [37]. The impact of PEEP on pulmonary vascular resistance (PVR) and RV afterload can be variable [30], with higher levels of PEEP and hyperinflation generally contributing to significantly elevated PVR. Dessap et al. have reported RV dysfunction secondary to an increase in RV after-load as a result of IMV and PEEP-induced hyperinflation [35]. However, our study did not show any association between PEEP and any measures of RV function. This suggests that factors other than PEEP, such as the mode of mechanical ventilation, tidal volume, peak inspiratory pressure, plateau pressure, and inspiratory flow rate may contribute to changes in RV function during IMV. The right atrium, RV, and vena cava collectively form a low-pressure, high-capacitance unit that is highly sensitive to sudden changes in intrathoracic and transmural pressure [38]. The positive pressure from IMV can exacerbate these pressure changes and exert hemodynamic stress on the right heart system causing the RV to adapt to these changes by dilatation due to lack of contractile reserve [38]. This adaption leads to uncoupling of the RV and the pulmonary circulation [39], which may manifest as impairment in RV function on imaging assessment.



ARF, stemming from diverse pulmonary and extrapulmonary causes, can also adversely impact RV function [40]. The basic underlying mechanism is decreased oxygen delivery to the peripheral tissues leading to tissue injury and death. Severe ARF due to acute respiratory distress syndrome (ARDS) leads to endothelial dysfunction, increased pulmonary vascular permeability, pulmonary vasoconstriction, and vascular remodeling [41]. This can lead to elevated PVR, pre-capillary pulmonary hypertension, and increased RV afterload. In addition to hypoxia and hypercapnia-induced vascular remodeling, pulmonary micro-thrombi and pro-inflammatory cytokine release in response to severe illness have also been shown to contribute to pulmonary vascular remodeling causing RV dysfunction [36].



Although TAPSE was initially significantly lower in the TTE-IMV group in unadjusted models, this difference between the groups became non-significant after adjusting for patient-related covariates, suggesting variables outside of the presence of IMV contribute to TAPSE as well. Additionally, despite a non-significant decrease in TAPSE with IMV, the mean TAPSE remained above the cutoff defined for RV dysfunction (TAPSE < 17 mm) across all groups, so clinicians may overlook the decrease in TAPSE and underestimate the degree of impairment in RV function while on IMV [11]. However, the TTE-IMV group exhibited lower GLS and FWLS compared to the mean normal values defined as 24.5 ± 3.8 and 28.5 ± 4.8, respectively [42], suggesting STE measures may be more sensitive than TAPSE in detecting the presence of RV dysfunction in ARF patients requiring IMV. Although this retrospective study lacks a gold standard comparison to determine sensitivity directly, the consistent identification of RV strain parameters lower than those defined as normal cutoffs in ARF patients, as compared to TAPSE, provides valuable insights into the potential of STE for detecting acute changes in RV function in critically ill patients, particularly those receiving IMV.



Mean FAC, another traditional parameter, was within the normal range across all groups. This finding is consistent with previous studies demonstrating a poor correlation of FAC with RVEF and lower sensitivity and specificity in identifying impaired RV function [43,44].



Among the groups, there were varied etiologies of ARF, chronic comorbid respiratory conditions, and, as a result, expected differences in illness severity. While this potentially confounds the relationship between IMV and RV strain, the differences persisted after multivariable adjustment, including for chronic lung conditions and APACHE. Despite the limitations in ascertaining the etiology of underlying RV function changes, our study underscores the superior ability of RVGLS and FWLS to detect acute changes in RV function compared to TAPSE. This is consistent with prior studies revealing the superiority of GLS and FWLS to detect changes in RV function and also having a better prognostic ability than TAPSE in multiple different patient populations [16,17,23,24,25]. Hence, STE can prove to be a valuable tool in assessing RV function beyond the measurement limitations of TAPSE and the logistical constraints of cMR in ARF patients requiring IMV.



Study Limitations


There are several limitations to our study. First, this is a single-center retrospective study, limiting its generalizability. Second, the retrospective design of this study imposes limitations on establishing a clear temporal sequence and causality between RV dysfunction and other factors such as illness severity and presence of IMV. Effect estimates were generated after adjusting for known confounders; however, given the retrospective design, the effect estimates may be influenced by confounding from unknown factors which could not be adjusted for. Therefore, while the study provides valuable insights, it is essential to interpret the results with caution. Third, there was no homogenous single time point for measuring illness severity score in all the three groups with respect to IMV, and these scores were also not repeated at any time point during their MICU stay or hospitalization to determine the highest severity of illness for these patients while in the MICU, although this “noise” would tend to bias results to the null. In addition, not all clinical data for illness severity by APACHE II was recorded in the chart for review, and in those cases the subject was given the lowest illness severity score for that measure, likely underestimating the illness severity across all the groups—the most conservative approach which again would bias to the null. As our study was retrospective, only patients with available echocardiograms during their MICU stay were included, which may have introduced selection bias. Moreover, several different software options for STE are available and we used the vendor-independent TomTec software package (version 3.0, Chicago, IL, USA) for all the cases. Last, we want to acknowledge that despite recognizing the importance of conducting a prospective evaluation to validate our initial findings since the end of data collection, unforeseen circumstances, including the spillover effects of the COVID-19 pandemic, have posed significant challenges. These challenges include limitations in staffing, resources, and access to patients for clinical studies that continue to affect research efforts. Our belief is these findings will continue to add to the mounting evidence that cardiac strain measurements in critically ill patients are feasible, sensitive, and provide a novel understanding of cardiopulmonary pathophysiology, in hopes that important further studies are appropriately supported.





5. Conclusions


Our study represents a novel contribution by demonstrating the association between the presence of IMV and lower RVGLS and FWLS, consistent with RV dysfunction, in critically ill patients with ARF. Furthermore, we highlighted that RVLS is likely more sensitive at detecting subtle but potentially clinically significant changes in RV function during IMV and ARF, which were undetected by traditional parameters and standard diagnostic echocardiographic cut-offs in this study. However, future prospective studies incorporating TTE assessments before, after, and during IMV are warranted to clarify the primary driver for the associated worse RVGLS and FWLS in patients with ARF on IMV, and also to evaluate the prognostic value of STE-detected RV dysfunction in this population.
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Figure 1. Flowchart of the analytic sample. 
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Table 1. Baseline characteristics of total cohort who had transthoracic echocardiogram (TTE) performed while on invasive mechanical ventilation (TTE-IMV), before (TTE-bIMV), and after being on invasive mechanical ventilation (TTE-aIMV).
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	N = 376
	Total Cohort

(N = 376)
	TTE-IMV

(N = 223)
	TTE-bIMV

(N = 68)
	TTE-aIMV

(N = 85)





	Age
	(n = 375)
	(n = 223)
	(n = 67)
	(n = 85)



	Median (Q1–Q3)
	65 (56–74)
	65 (55–74)
	71 (57–76)
	63 (57–74)



	Sex
	
	
	
	



	Male
	200 (53.2)
	121 (54.3)
	39 (57.4)
	40 (47.1)



	Documented smoking history
	(n = 354)
	(n = 201)
	(n = 68)
	(n = 85)



	Yes
	230 (64.9)
	126 (62.7)
	51 (75.0)
	53 (62.4)



	BMI (kg/m2)
	
	
	
	



	Median (Q1–Q3)
	28.9 (24.3–35.6)
	29.7 (25.2–37.1)
	27.8 (22.9–35.3)
	28.2 (22.8–33.1)



	Chronic lung disease *
	
	
	
	



	Chronic obstructive lung disease
	138 (36.7)
	71 (31.8)
	26 (38.2)
	41 (48.2)



	Asthma
	28 (7.5)
	13 (5.8)
	6 (8.8)
	9 (10.6)



	Interstitial lung disease
	10 (2.7)
	5 (2.2)
	1 (1.5)
	4 (4.7)



	Cystic fibrosis
	1 (0.27)
	1 (0.45)
	0 (--)
	0 (--)



	Pulmonary hypertension
	18 (4.8)
	12 (5.4)
	2 (2.9)
	4 (4.7)



	Obstructive sleep apnea
	51 (13.6)
	22 (9.9)
	12 (17.7)
	17 (20.0)



	History of primary lung cancer
	(n = 375)
	(n = 222)
	(n = 68)
	(n = 85)



	Yes
	19 (5.1)
	9 (4.1)
	4 (5.9)
	6 (7.1)



	Chronic cardiac disease *^
	280 (74.5)
	159 (71.3)
	58 (85.3)
	63 (74.1)



	Chronic renal disease *#
	47 (12.5)
	32 (14.4)
	7 (10.3)
	8 (9.4)



	Shock requiring pressor support
	249 (66.2)
	162 (72.7)
	44 (64.7)
	43 (50.6)



	Number of pressors used
	(n = 249)
	(n = 162)
	(n = 44)
	(n = 43)



	1
	125 (50.2)
	73 (45.1)
	21 (47.7)
	31 (72.1)



	2
	84 (33.7)
	58 (35.8)
	16 (36.4)
	10 (23.3)



	3
	40 (16.1)
	31 (19.1)
	7 (15.9)
	2 (4.7)



	Inotropes
	(n = 375)
	(n = 223)
	(n = 68)
	(n = 84)



	Yes
	18 (4.8)
	11 (4.9)
	5 (7.4)
	2 (2.4)



	Total APACHE II score
	(n = 364)
	(n = 223)
	(n = 64)
	(n = 77)



	Median (Q1–Q3)
	18 (12–24)
	22 (17–27)
	13.5 (10–19)
	11 (6–15)



	Etiology of acute respiratory failure
	(n = 375)
	(n = 222)
	(n = 68)
	(n = 85)



	Pneumonia
	120 (32.0)
	82 (