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Abstract
[bookmark: _Hlk32057087]Background:  Early extubation after cardiac surgery results in better postoperative outcomes but the optimal time for extubation remains unclear. Premature extubation may lead to unplanned reintubation that may result in adverse outcomes.  The present study was undertaken to compare preoperative and operative risks and outcomes of patients with prolonged intubation >48 hours and reintubation after cardiac surgery.   
Aims:  This is a retrospective chart review of 1259 patients who had cardiac surgery at a community hospital. After excluding patients with either operating room death, extubation <48 hours without reintubation or extubation >48 hours with reintubation, the final sample included 83 patients (6.6%) requiring reintubation after extubation in <48 hours and 100 (8.0%) with prolonged intubation without requiring reintubation.  
Results:  Bivariate analyses revealed few statistically different preoperative and operative risks between patients with reintubation and prolonged intubation.  Reintubation patients were older (p = .033) and had lower body mass index (p = .000), higher preoperative hematocrit (p = .021), and more chronic kidney disease stages >2 (p = .046) but lower odds for intra-aortic balloon pump (p = .006) and emergency surgery (p = .005).  Reintubation led to worse postoperative outcomes than prolonged intubation: more acute kidney injury stage 1-3 (p = .014), coma/encephalopathy (p = .004), postoperative transfusion (p = .003), increased intensive care unit length of stay (p = .001) and hospital mortality (p = .007).  Based on binary and ordinal logistic regression analyses, the differences in preoperative and operative risks were either inconsistent or trivial contributors and reintubation appears to make the largest independent contribution to poor postoperative outcomes. 
Conclusion:  While early extubation remains the goal, patients with marginal weaning readiness may benefit from more recovery time before extubation. This study suggests that premature extubation may increase unplanned reintubation that could adversely affect postoperative outcomes after cardiac surgery.
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 Introduction 
Postoperative respiratory failure after cardiac surgery is a common and devastating complication that includes either prolonged intubation or reintubation alone or in combination.1-4   Regardless of the cause, patients who develop postoperative respiratory failure frequently face poor outcomes and increased mortality.5 While extubation before 6 hours is associated with better outcomes, postoperative mortality in patients with intubation over 72 hours may increase up to 28.4%.6-9  The optimal time for extubation after cardiac surgery is still unclear.10 Although the Society of Thoracic Surgeons (STS) has maintained extubation within 6 hours as a quality benchmark measure, the National Quality Forum performance indicator defines prolonged intubation as mechanical ventilation >24 hours.11,12  Advances in cardiovascular anesthesiology have prompted recent recommendations to extubate patients much earlier.6 With the use of multidisciplinary rapid weaning protocols, early or fast tract extubation less than 6 hours is achievable and this extubation approach decreases time of  mechanical ventilation, intensive care unit (ICU) and hospital length of stay (LOS), and mortality.7,9  A recent recommendation even suggests immediate or expedited extubation in the operating room although it remains controversial and is frequently applied only to selected surgical procedures and patients.13  
Appropriate extubation after cardiac surgery depends on multidisciplinary team procedures that include surgical techniques, enhanced anesthesia protocols and postoperative critical care management.6,7,9,14  In spite of continuing evolutions in cardiovascular surgery and anesthesia, the readiness for early extubation still depends on an individual patient’s optimal clinical status.14  Risk stratification indices may help identify patients appropriate for attempted early extubation but the perfect risk assessment index remains elusive.  Successful extubation still rests on clinical judgment and experience of all involved providers.14  Premature extubation can result in serious adverse physiological consequences and post-extubation respiratory failure requiring reintubation.1,2,15  Predominant mechanisms for post-extubation respiratory failure include congestive heart failure (CHF), acute respiratory distress syndrome (ARDS), lobar atelectasis and postoperative pneumonia.15  Patients with reintubation often require prolonged ICU or hospital LOS and are associated with a 7.5 times increase in mortality comparing to those without reintubation.2,16,17 For patients who survive the complication, the probability of them being discharged home within 30 days is very low.16
There has been minimal research on comparing outcomes of reintubation and prolonged intubation after cardiac surgery.  One secondary comparison study reported a few differences in preoperative and operative risks (gender) and worsened outcomes for reintubation including increased ICU and hospital LOS, infection and mediastinitis, and mortality.18 The present study is undertaken to make a comparison of clinical features and outcomes of patients with prolonged intubation >48 hours and patients with reintubation after cardiac surgery.   A 48- instead of 24-hour intubation threshold for intubation was chosen for the present study to allow patients to completely recover from residual anesthesia/sedation or transient early postoperative difficulties.12,19  Additionally this definition of prolonged intubation >48 hours was employed in an early study of postoperative respiratory failure and is also currently incorporated in a clinical calculator to assess risk for postoperative respiratory failure.20-22
Methods and Sample
This is a retrospective chart review of patients who had cardiothoracic surgery between June 2011 and December 2018 at a community hospital of a large health care system in a Midwestern city. The study was approved by the appropriate Institutional Review Boards and Human Rights Review Committees.  A registered nurse who was trained to collect data for the Society of Thoracic Surgeons Adult Cardiac Surgery National Database has been accumulating the data at the study facility for over 10 years. 23 Yearly independent data auditing has been undertaken throughout the years to assure data collection accuracy.  Preoperative risk factors for postoperative respiratory failure were obtained including demographics, pertinent laboratory values and comorbities (Table 1).  Patients’ body mass indices (BMIs) were calculated from their heights and weights.  Possible operative risk factors and postoperative outcomes were also obtained (Tables 2 and 3).  A detailed data collection procedure has been described in a prior study.24
Preoperative serum creatinine (SCr) was that obtained within 4 hours before cardiac surgery and peak SCr was the highest SCr at any time during hospital admission.  Pre-existing chronic kidney disease (CKD) stages were determined from estimated GFR (eGFR) calculated from preoperative SCr as followed: stage 1 CKD with GFR >90 mL/min/1.73 m2, stage 2 with GFR = 60-89 mL/min/1.73 m2, stage 3 with GFR = 30-59 mL/min/1.73 m2, stage 4 with GFR = 15-29 mL/min/1.73 m2, and stage 5 with GFR less tha15 mL/min/1.73 m2.25,26 Postoperative acute kidney injury (AKI) for this study was derived from the preoperative and highest postoperative SCr during the hospital stay using preoperative and highest postoperative SCr and the Kidney Disease:  Improving Global Outcomes (KDIGO) value criteria.27 
Data Analysis
	There were 1259 who had cardiac surgery during the study period (see Figure 1).  Two patients who died in the operating room were not included in the study sample. One hundred and sixteen patients (9.3%) were not extubated within 48 hours.  Sixteen of them (1.3%) were later extubated after 48 hours but required reintubation; they were excluded from further analysis.  The other 100 patients (8.0%) did not require reintubation and were categorized as the prolonged intubation group. One thousand one hundred and forty-one patients (90.8%) were extubated within 48 hours and 1058 of them did not require reintubation.  The other 83 patients (6.6%) who required reintubation after extubation <48 hours were categorized as the reintubation group. The final sample size included 183 patients who had either prolonged intubation > 48 hours without reintubation and those with reintubation after the initial extubation within 48 hours. 
The Statistical Package for Social Science (SPSS) version 25 was used for bivariate analyses to compare preoperative and postoperative risk factors as well as postoperative outcomes of prolonged intubation and reintubation patients28 In general, categorical outcomes were described and compared between prolonged ventilation and reintubation patients utilizing cell counts and relative frequencies. However, odds ratios (OR) are also reported where they were able to further elucidate trends in the data between the study groups. The χ2 test of independence was used to test for statistical differences between prolonged intubation and reintubation patients on categorical variables. When low cell counts were problematic, the Yates continuity correction was applied to help correct the χ2 test statistic. Continuous outcomes were described and compared between prolonged ventilation and reintubation patients using means and standard deviations and were tested for statistical differences using Welch’s t-test. If the observed data appeared to be substantially non-normal, continuous variables were summarized for each group using medians and ranges and evaluated for statistical differences using the Mann-Whitney U test. Alpha was set to .05 for all bivariate analyses. 
Binary regression in SPSS or ordinal logistic regression in Analytics Software & Solution (SAS) version 9.4 M6 were used to address if any differences in preoperative and operative risk factors between patients with prolonged intubation or reintubation influence any of their unique postoperative outcomes.28,29  Prolonged intubation and reintubation were also entered in these regression analyses to explore their independent contribution to these postoperative outcomes as well. Patients who were extubated within 48 hours and did not require reintubation (1058 patients) were also included in these regression analyses.  Prior to interpretation, regression diagnostics (e.g., collinearity, convergence, proportional odds assumption) were evaluated to address the validity of the inferences drawn from each model. The χ2 likelihood ratio test was used when comparisons between logistic models was conducted while the Wald test and odds ratio estimates were used to evaluate the statistical and substantive significance, respectively, of reintubation and prolonged intubation within each model. Odds ratios less than 1.50 were viewed as evidence of a trivial effect and all significance testing was conducted using an alpha of .05.30
Results 
Patients with prolonged intubation had a median total ventilation time of 113.82 (Range: 0-1308.90) hours and the median total ventilation of those with reintubation was 118.25 (Range: 7.87-975.38) hours. The majority of reintubation patients (54.3%, n=45) were initially extubated within 12 postoperative hours and the other (45.7%, n=38) were extubated after 12 postoperative hours.  Descriptive statistics and results of inferential tests among preoperative risk factors are displayed in Table 1. Among preoperative risk factors, prolonged intubation patients exhibited statistically significant differences on age, BMI, preoperative hematocrit (Hct), preoperative CKD staging, and use of intraaortic balloon pump (IABP). Patient who underwent reintubation were, on average, 3.7 years older (t[165.8] =-2.2, p =.033) and had BMIs typically 4 kg/m2 lower (t[180.8] =-3.8, p =.000), higher preoperative Hct levels (ΔM1-M2=2, t[177.9]=-2.3, p=.021), and CKD stages 2 or higher (OR=2.23, χ2=6.1, df=2, p=.046).  However, patients who had prolonged intubation were 4.34 times the odds of receiving an IABP than not compared to reintubation patients (OR=4.34, χ2=7.5, df=1, p=.006).  Descriptive statistics and results of inferential tests among the operative risk factors are displayed in Table 2.  Prolonged intubation and reintubation patients exhibited statistically significant differences in terms of the level of emergency for the surgery. Specifically, patients who underwent prolonged ventilation were 7.15 times the odds of requiring emergency surgery than urgent or elective surgery compared to patients who required reintubation (χ2=10.6, df=2, p=.005).  
Descriptive statistics and results of inferential tests among the postoperative outcomes are displayed in Table 3.  Prolonged intubation and reintubation patients exhibited statistically significant differences in terms of postoperative blood transfusion, AKI, coma/encephalopathy, ICU LOS, and postoperative mortality. Reintubation patients were 3.09 times the odds of having AKI stage 1-3 (χ2=10.6, df=3, p=.014), 2.88 times the odds of suffering from coma/encephalopathy (χ2=8.1, df=1, p=.004), 2.88 times the odds of requiring postoperative transfusion (χ2=8.8, df=1, p=.003), and 2.92 times the odds of suffering hospital mortality (χ2=7.4, df=1, p=.007).  Lastly, reintubation patients appeared to spend more hours in the ICU compared to prolonged ventilation patients (z=-3.2, p=.001).
Further analyses were performed to address if any differences in preoperative and operative risk factors between patients with prolonged intubation or reintubation affected worse outcomes in patients with reintubation. Bivariate regression analyses were done for individual outcome (postoperative transfusion, coma/encephalopathy and mortality) except for AKI which required ordinal logistic regression model since it had more than two possible outcomes.  The analysis on the ICU LOS was not performed because the data was too extreme and a reasonably suitable regression model could not be found.  Tables 4 and 5 displays the regressions of postoperative transfusion, coma/encephalopathy, postoperative mortality, and AKI onto prolonged ventilation, reintubation, and salient preoperative and operative risk factors, including BMI, age, preoperative Hct, use of IABP, and urgency of the surgery. Age was a contributing factor to postoperative transfusion, coma/encephalopathy and AKI but not mortality.  BMI and preoperative Hct contributed to postoperative transfusion and AKI but not coma/encephalopathy or mortality.  Only urgent surgery independently affected postoperative transfusion and one of the level of operative urgency contributed to coma/encephalopathy and mortality.  Emergency and urgent cardiac surgery contributed to AKI.  Based on rather small ORs on the regressions, the different preoperative and operative risk factors between prolonged intubation or reintubation patients were either trivial (age, BMI, and preoperative Hct) or inconsistent (IABP and surgery urgency) contributors to poor postoperative outcomes associated with reintubation.
Prolonged intubation contributed significantly to the prediction of postoperative transfusion (χ2=36.424, df=1, p< .01), coma/encephalopathy (χ2=12.569, df=1, p< .01), mortality (χ2 =84.412, df=1, p<.01) and AKI (χ2=22.523, df=1, p < .01) compared to reintubation and patient risk factors alone. After controlling for reintubation and patient risk factors, prolonged intubation patients were 4.165 times the odds of requiring postoperative transfusion, 3.667 times the odds of suffering from a coma/encephalopathy, 31.504 times the odds of having mortality and 3.060 times the odds of having all AKI stages compared to patients who did not undergo prolonged intubation.  Reintubation, likewise, contributed significantly to prediction of postoperative transfusion (χ2=66.441, df=1, p< .01), coma/encephalopathy (χ2=54.848, df=1, p< .01), mortality (χ2=88.263, df=1, p<.01) and AKI (χ2 = 63.864, df=1, p < .01) compared to prolonged intubation and patient risk factors alone. However, reintubation appears to make a larger contribution to poor outcomes than prolonged intubation. After controlling for prolonged intubation and patient risk factors, reintubation patients were 8.112 times the odds of receiving postoperative transfusion, 11.560 times the odds of incurring a coma/encephalopathy, 79.155 times the odds of having mortality and 9.378 times the odds of kidney injury across staging compared to patients who did not undergo reintubation. Although the present study opted to display the results of regressing hospital mortality onto prolonged intubation and reintubation, the coefficients should be interpreted cautiously since diagnostics indicated sparse cell counts that might be inflating the estimates.  Never the less, it is noteworthy that the results do suggest that patient risk factors failed to substantively contribute to hospital mortality and the findings remained consistent when reintubation and prolonged intubation were removed from the model.
Discussion
[bookmark: _Hlk32043105][bookmark: _Hlk30921606]The time for extubation after cardiac surgery depends on the patients’ clinical readiness regardless of the providers’ desire to extubate them early.  Conventional cardiovascular anesthesia and postoperative care have successfully managed to extubate a larger percentage of patients within 6 hours and most of them are successfully extubated within 48 hours.4,18,19,31-33  Most patients in the present study (90.8%) were extubated within 48 hours and this was congruent with prior studies.19,31  The overall incidence of prolonged intubation >48 hours alone (9.3%), reintubation alone (6.6%) or combined prolonged intubation and reintubation as a composite complication (15.9%) in this study are all higher than others which reported the incidences of <6.1% for prolonged intubation >48 hours alone, <4.0% for reintubation alone and <7.0% for combined prolonged intubation and reintubation, respectively.1,4,15,16,18,19,31,32 Outcome data was available in some of these prior studies.  Reintubation was associated with increased ICU (17.3 days) and hospital LOS (22.2 days), less likely to be discharged home (20% versus 30%), and increased multi-organ dysfunction and pneumonia comparing to those without reintubation.1,16  Patients with reintubation in the present study had shorter ICU (13.0 days) and hospital LOS (18 days) but less likely to be discharged home (14.2%).  Prolonged intubation >48 hours a different study also increased ICU (12.68 days) and hospital LOS (28.6 days), PNA (23.4%), arrhythmias (66.7%), septic complications (56.1%) and mediastinitis (18.2%) comparing to those without prolonged intubation (Cohen et al).  Patients with prolonged intubation in the present study had shorter ICU (8.9 days) and hospital LOS (14.0 days) and lower incidence of pneumonia (15.8%).  When comparing the mortality of patients with reintubation alone, patients in this study had markedly lower mortality rate than others (12.0% versus <51.5%).1,15  However, when comparing the mortality of patients with combined prolonged intubation and reintubation, patients in the present study had a substantially higher mortality rate than others (18% versus <13.6%).18,,32 
It is difficult to explain the discrepancy between the present study and others because of differences in patient selection and definitions of postoperative pulmonary complications.  For example, some studies defined postoperative respiratory failure as prolonged intubation >12, >24, >48 or >72 hours alone, reintubation alone, or combined prolonged intubation and reintubation occurring together.3,8,31,34-36  One study included pneumonia, prolonged intubation >48 hours and reintubation as a composite complication; thus including more patients with less severe pulmonary complications is expected to yield a lower incidence of pulmonary complications.32   Another study included only patients with prolonged intubation >48 hours and only reintubation with total ventilation time >48 hours; thus excluding reintubation patients with a total intubation time <48 hours, who would have been included in the present study.  Additionally, the present study incorporated more patients with more preoperative and operative risk factors that may contribute to increased pulmonary complications, including higher average age, CKD, chronic obstructive pulmonary disease (COPD), valve surgery and longer cardiopulmonary bypass (CPB) and operating times.19,31 
The current study not only confirmed poor outcomes and increased mortality associated with either prolonged intubation or reintubation but also provided a comparison between these two postoperative respiratory complications after cardiac surgery.  The present study found that reintubation patients had less favorable outcomes than those with prolonged intubation, including increased ICU LOS and increased odds of having AKI stage 1-3, coma/encephalopathy, postoperative transfusion and hospital mortality. When comparing preoperative and operative risk factors, patients with prolonged intubation or reintubation exhibit few differences; only five out of thirty-one preoperative and one out of seven operative risk factors were statistically different.  The adverse outcomes in patients with reintubation may not be explained solely on the basis of differences in preoperative and operative risk factors which were considered to be comorbidities for postoperative complications based on STS risk models.37 While a higher average age for patients with reintubation in this study might have caused them to have poor postoperative outcomes after cardiac surgery, a lower percentage of IABP and emergency surgery should have contributed to their better outcomes.37  The other three different risk factors (Hct, BMI and preoperative CKD) were not included in the final risk models for the STS postoperative outcomes.37 The regression analyses in this study determined the impact of these different risk factors on the outcomes of prolonged intubation and reintubation.  Based on rather small ORs on the regressions, the different preoperative and operative risks were either trivial (age, BMI, and preoperative Hct) or inconsistent (IABP and surgery urgency) contributors to poor postoperative outcomes in reintubation patients.  Reintubation adversely affected postoperative outcome more than prolonged intubation beyond the differences in their preoperative and operative risk factors.  
	The present study indicates that while early extubation may offer better clinical outcomes, failure to prevent reintubation could result in a poorer patient prognosis. Vigilant patient monitoring after successful extubation is paramount to preventing reintubation.  The knowledge of independent predictors of patients at risk for prolonged intubation may help determine which patients could benefit from early extubation.  Identifying patients at risk of requiring reintubation may also help detect patients who will benefit from measures to prevent unplanned reintubation such as noninvasive ventilation.  Failure to abate reintubation may result in adverse patient outcomes including requiring more postoperative blood transfusion and increased postoperative AKI, coma/encephalopathy, ICU LOS and mortality.
Limitations and Strength:
The cross sectional, respective design is a limitation of this study. Documentation errors may have occurred since only one nurse extracted the data limiting the accuracy, reliability and validity of the medical review. Minimal error associated with data collection is likely since the nurse was well trained and experienced in data collection. Future studies should include two or more data collectors to enhance validity and reliability of the data. A prospective study design would facilitate better definition of prediction variables.  The strength of this study is its direct comparison between prolonged intubation and reintubation which emphasizes the need to strike a careful balance in extubation of patients after cardiac surgery to avoid any need for reintubation. 
Conclusions
	The incidence of prolonged intubation >48 hours and reintubation in this study was similar.  While it is beneficial to extubate the patient early after cardiac surgery, failure to prevent reintubation poses more serious outcomes.  Early extubation should always be maintained as the primary goal but in order to avoid reintubation after the initial extubation, patients with marginal weaning readiness may benefit from more time to recuperate from their slow recovery or early complications from whatever cause. Vigilant patient monitoring after successful extubation is paramount and knowledge of predictors of patients at risk of requiring reintubation should help identify patients who will benefit from measures to prevent unplanned reintubation.
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	Table 1: Demographics
	
	

	
	Reintubation
	Prolonged Ventilation
	Statistic (df)
	P

	Incidence
	6.6% (n=83/1257)
	8.0% (n=100/1257)
	
	

	Preoperative Factors
	
	
	
	

	Age
	68.1+12.1
	64.4+10.8
	-2.2 (165.8)
	.033

	Body mass index – kg/m2
	28.6+6.3
	32.6+7.9
	-3.8 (180.8)
	.000

	Preoperative hematocrit
	35.7+4.8
	37.7+6.6
	-2.3 (177.9)
	.021

	Gender – female
	20.2% (37)
	22.4% (41)
	0.2 (1)
	.626

	Preoperative Albumin
	3.5+0.5
	3.5+0.6
	0.1 (177.0)
	.894

	Race-White
	32.8% (60)
	39.3% (72)
	0.0 (1)
	.964

	Smoking
	21.3% (39)
	30.1% (55)
	1.2 (1)
	.280

	Diabetes Mellitus
	20.2% (37)
	26.2% (48)
	0.2 (1)
	.644

	Hyperlipidemia
	37.7% (69)
	48.1% (88)
	0.9 (1)
	.348

	Hypertension
	43.2% (79)
	51.4% (94)
	0.1 (1)
	.726

	Family history of CAD
	1.1% (2)
	4.9% (9)
	3.5 (1)
	.062

	COPD                                     -None
	21.1% (36)
	30.4% (52)
	1.7 (3)
	.649

	-Mild                                    
	11.1% (19)
	11.1% (19)
	
	

	-Moderate
	7.6% (13)
	7.0% (12)
	
	

	-Severe
	5.8% (10)
	5.8% (10)
	
	

	Bronchodilator treatment
	9.8% (18)
	15.8% (29)
	1.3 (1)
	.260

	Obstructive sleep apnea
	7.7% (14)
	13.1% (24)
	1.4 (1)
	.236

	Peripheral Arterial Disease
	7.7% (14)
	8.2% (15)
	0.1 (1)
	.731

	Cerebrovascular Accident
	9.8% (18)
	10.9% (20)
	0.1 (1)
	.779

	Preoperative CKD    
	-Stage 1     
	8.2% (15)
	18.0% (33)
	6.1 (2)
	.046

	-Stage 2
	19.1% (35)
	15.8% (29)
	
	

	-Stage 3 or higher
	18.0% (33)
	27.5% (38)
	
	

	Preoperative RRT
	3.3% (6)
	4.9% (9)
	0.2 (1)
	.664

	Beta blocker Treatment
	39.3% (72)
	48.6% (89)
	0.2 (1)
	.641

	ACEI treatment
	24.0% (44)
	23.0% (42)
	2.2 (1)
	.137

	Lipid Treatment
	26.2% (48)
	27.9% (51)
	0.9 (1)
	.356

	Preoperative atrial fibrillation
	13.1% (24)
	13.1% (24)
	0.6 (1)
	.452

	MI after cardiac catheterization
	18.6% (34)
	23.0% (42)
	0.0 (1)
	.887

	Previous PCI
	19.7% (36)
	20.8% (38)
	0.5 (1)
	.461

	Previous congestive heart failure
	24.6% (45)
	29.0% (53)
	0.0 (1)
	.869

	Recent congestive heart failure
	18.4% (33)
	27.9% (50)
	2.3 (1)
	.131

	Preoperative ejection fraction †
	53.0 (15.0, 75.0)
	53.0 (15.0, 70.0)
	-0.0
	.973

	Number vessel                         None
	16.4% (30)
	20.8% (38)
	0.4 (3)
	.930

	1-vessel
	4.9% (9)
	7.1% (13)
	
	

	2-vessel
	7.7% (14)
	9.3% (17)
	
	

	3-vessel
	16.4% (30)
	17.5% (32)
	
	

	≥ 50% Left Main disease
	6.6% (12)
	9.3% (17)
	0.2 (1)
	.639

	Intra-aortic balloon pump
	2.2% (4)
	9.8% (18)
	7.5 (1)
	.006

	New York Heart Association -None
	16.0% (29)
	19.9% (36)
	9.0 (4)
	.062

	-Class I
	12.2% (22)
	7.7% (14)
	
	

	-Class II
	3.3% (6)
	2.8% (5)
	
	

	-Class III
	8.3% (15)
	11.0% (20)
	
	

	-Class IV
	5.0% (9)
	13.8% (25)
	
	


Note. Unless otherwise noted, means and standard deviations are used to summarize continuous variables and significance testing was done using Welch’s t-test. Categorical variables are summarized using relative frequencies and count data and significance testing was done using the Pearson χ2 statistic.
† Medians and ranges are used to summarize variable and significance testing was done with a z-test under the Mann-Whitney U.
Abbreviation: CAD – coronary artery disease; CKD – chronic kidney disease; COPD – chronic obstructive pulmonary disease; PCI – percutaneous coronary intervention; RRT – renal replacement therapy.
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Table 2:  Operative factors acute respiratory failure after cardiac surgery
	
	Reintubation
	Prolonged Ventilation
	
	

	Operative Factors
	45.4% (n=83)
	54.6% (n=100)
	Statistic (df)
	P

	Emergency surgery           -Emergent
	1.1% (2)
	8.2% (15)
	10.6 (2)
	.005

	-Urgent
	13.7% (25)
	19.1% (35)
	
	

	-Elective
	30.6% (56)
	27.3% (50)
	
	

	Type of surgery                       -CABS
	13.7% (25)
	16.9% (31)
	.1(2)
	.975

	-Valve
	14.8% (27)
	16.9% (31)
	
	

	-Combined
	16.9% (31)
	20.8% (38)
	
	

	Cardiopulmonary bypass
	44.2% (80)
	49.2% (89)
	2.3 (1)
	.133

	Circulatory arrest ‡
	0.5% (1)
	2.2% (4)
	0.5 (1)
	.248

	Intraoperative transfusion
	27.5% (50)
	33.0% (60)
	0.0 (1)
	.893

	Cardiopulmonary bypass-minutes †
	115.5 (0.0, 325.0)
	116.0 (0.0, 355.0)
	-0.8
	.424

	Time in operating room
	6.2+1.6
	6.1+2.2
	0.2 (177.3)
	.873


Note. Unless otherwise noted, means and standard deviations are used to summarize continuous variables and
significance testing was done using Welch’s t-test. Categorical variables are summarized using relative
frequencies and count data and significance testing was done using the Pearson χ2 statistic.
† Medians and ranges are used to summarize variable and significance testing was done with a z-test under the
Mann-Whitney U. 
‡ Yates continuity correction was applied.
Abbreviation: CABS – coronary artery bypass surgery.
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Table 3: Outcomes for patients with postoperative respiratory failure after cardiac surgery.
	
	Reintubation
	Prolonged Ventilation
	Statistic(df)
	 P

	
	45.4% (n=83)
	54.6% (n=100)
	
	


	Postoperative transfusion?
	36.1% (66)
	32.2% (59)
	8.8(1)
	.003

	Postoperative bleeding - reoperation
	5.5% (10)
	3.8% (7)
	1.4(1)
	.242

	Postoperative pleural effusion
	8.2% (15)
	5.5% (10)
	2.5(1)
	.113

	Pneumonia
	15.8% (29)
	15.8% (29)
	0.7(1)
	.390

	Infection ‡
	1.1% (2)
	1.6% (3)
	0.0 (1)
	.832

	Acute renal injury                   - None
	8.6% (14)
	21.5% (35)
	10.6(3)
	.014

	                                             - Stage 1 
	13.5% (22)
	13.5% (22)
	
	

	                                       - Stage 2
	6.7% (11)
	4.9% (8)
	
	

	- Stage 3
	18.4% (30)
	12.9% (21)
	
	

	POAF
	18.6% (34)
	22.4% (41)
	0.0 (1)
	.996

	Coma/Encephalopathy
	13.7% (25)
	7.1% (13)
	8.1(1)
	.004

	Postoperative CVA ‡
	1.1% (2)
	4.4% (8)
	1.8(1)
	.184

	ICU length of stay - hours
	312.9 (58.4, 1198.6)
	208.6 (0.0, 3772.9)
	-3.2
	.001

	Hospital length of stay - days
	18.0 (3.0, 50.0)
	14.0 (0.0, 65.0)
	-1.6
	.103

	Postoperative mortality
	12.0% (22)
	6.0% (11)
	7.4(1)
	.007

	Discharge                                -Home 
	14.2% (21)
	26.4% (39)
	1.7(3)
	.645

	   -Extended care
	13.5% (20)
	18.9% (28)
	
	

	-Nursing home 
	7.4% (11)
	8.8% (13)
	
	

	-Other
	5.4% (8)
	5.4% (8)
	
	


Note. Categorical variables are summarized using relative frequencies and count data and significance testing was done using the Pearson χ2 statistic. Medians and ranges are used to summarize continuous variable and significance testing was done with a z-test under the Mann-Whitney U.
† Medians and ranges are used to summarize variable and significance testing was done with a z-test under the Mann-Whitney U. 
‡ Yates continuity correction was applied.
Significance testing was done using Welch’s t-test. Categorical variables are summarized using relative frequencies and count data and significance testing was done using the Pearson χ2 statistic.
† Medians and ranges are used to summarize variable and significance testing was done with a z-test under the Mann-Whitney U.
Abbreviation: CVA – cerebrovascular accident; ICU – intensive care unit; POAF – postoperative atrial fibrillation.






1



Find articles by Luciana Castilho de Figuereido
Eveline Maria Calixtre
1 Departamento de Cirurgia, Universidade Estadual de Campinas - Campinas (SP), Brasil.
Find articles by Eveline Maria Calixtre
Cristiane Delgado Alves Rodrigues
1 Departamento de Cirurgia, Universidade Estadual de Campinas - Campinas (SP), Brasil.
Find articles by Cristiane Delgado Alves Rodrigues
Antonio Luis Eiras Falcão
1 Departamento de Cirurgia, Universidade Estadual de Campinas - Campinas (SP), Brasil.
Find articles by Antonio Luis Eiras Falcão
Pedro Paulo Martins
1 Departamento de Cirurgia, Universidade Estadual de Campinas - Campinas (SP), Brasil.
Find articles by Pedro Paulo Martins
Ana Paula Ragonete dos Anjos
1 Departamento de Cirurgia, Universidade Estadual de Campinas - Campinas (SP), Brasil.
Find articles by Ana Paula Ragonete dos Anjos
Desanka Dragosavac
1 Departamento de Cirurgia, Universidade Estadual de Campinas - Campinas (SP), Brasil.
Find articles by Desanka Dragosavac
Table 4: Regression of patient outcomes onto reintubation, prolonged intubation, and risk factors under binary logistic regression.
	
	Postop Transfusion
	Coma/Encephalopathy
	Hospital Mortality

	Predictors
	(SE)
	OR
	p
	(SE)
	OR
	p
	(SE)
	OR
	p

	1. Age
	0.024 (0.006)
	1.025
	.000
	0.024 (0.012)
	1.025
	.041
	0.013 (0.017)
	1.013
	.452

	2. Body mass index
	-0.039 (0.011)
	0.961
	.000
	0.012 (0.019)
	1.012
	.526
	0.008 (0.027)
	1.008
	.764

	3. Preoperative hematocrit
	-0.112 (0.014)
	0.894
	.000
	-0.031 (0.025)
	0.969
	.214
	-0.063 (0.036)
	0.939
	.079

	4. Intra-aortic balloon pump
	0.363 (0.299)
	1.437
	.225
	-1.249 (0.683)
	0.287
	.067
	-0.017 (0.717)
	0.983
	.981

	5. Surgery     Emergent vs. Elective
	-0.196 (0.175)
	0.822
	.263
	1.593 (0.514)
	4.919
	.002
	-0.377 (0.902)
	0.686
	.676

	Urgent vs. Elective
	-0.482 (0.172)
	0.617
	.005
	0.152 (0.291)
	1.165
	.601
	-0.143 (0.431)
	0.866
	.739

	6. Reintubation
	2.093 (0.297)
	8.112
	.000
	2.448 (0.306)
	11.560
	.000
	4.372 (0.567)
	79.215
	.000

	7. Prolonged Intubation
	1.427 (0.240)
	4.165
	.000
	1.299 (0.371)
	3.667
	.000
	3.450 (0.616)
	31.504
	.000


Abbreviation: SE - standard error; OR - odds ratio.












Table 5: Ordinal logistic regression of acute kidney injury onto preoperative and operative factors, 
reintubation and prolonged intubation.

	Predictors
	(SE)
	OR
	p

	1. Age
	-0.031 (0.005)
	0.970
	.000

	2. Body mass index
	-0.053 (0.009)
	0.949
	.000

	3. Preoperative hematocrit
	0.067 (0.012)
	1.069
	.000

	4. Intra-aortic balloon pump
	-0.407 (0.152)
	0.443
	.007

	5. Surgery                   Emergent vs. Elective
	-0.696 (0.209)
	0.331
	.001

	Urgent vs. Elective
	0.285 (0.123)
	0.882
	.020

	6. Prolonged Intubation
	0.559 (0.109)
	3.060
	.000

	7. Reintubation
	1.119 (0.115)
	9.378
	.000


Abbreviation: SE - standard error; OR - odds ratio.











Figure 1. Patients with prolonged intubation and reintubation.
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N = 1259



Operating Room Mortality
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