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Can we predict weaning failure from ventilator 
though evaluate cardiac function parameter?
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Ventilator weaning
• Weaning failure and prolonged MV 

Ø ICU length of stay ↑

Ø Healthcare costs ↑

Ø Morbidity and mortality ↑

Ø Reintubation → Life-threatening complications 

• The main causes of weaning failure 
Ø Respiratory origin

Ø Diaphragmatic dysfunction

Ø Cardiac dysfunction
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! Weaning- induced pulmonary edema (most common, 60%) 

! Hemodynamic changes 

! Myocardial ischemia seems uncommon



Transthoracic echocardiography parameters 
• Provides real-time measurements 
• Increasingly used in the ICU

• Parameters
ØE wave → Peak velocity in early diastole (Passive flow)
ØA wave → Peak velocity in late diastole (Atrial contraction)

Ø e‘→ mitral annulus velocity (Early diastole)
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Left ventricular diastolic function



Methods - Eligibility criteria 
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• Pediatric studies were excluded.

• Adult case series were included 
only if they provided acceptable 
data for at least 10 patients. 

• Low-level PSV : PS ≦ 10 cm H2O   
PEEP ≦ 5 cm H2O 



Methods - Identification of studies 
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• Two electronic databases
Ø MEDLINE (2011-2019)
Ø EMBASE  (2013-2019)
Ø Final update: December 4, 2019. 

• First group 
Ø ‘weaning’ OR ‘spontaneous breathing trial’ OR ‘mechanical ventilation’

• Second group 
Ø ‘echocardiography’ OR ‘ejection fraction’ OR ‘systol*’ OR ‘diastol*’ 

• Language restriction 
Ø only English 

• Manual search by four authors (FS, DDF, AN, CS). 



Methods - Analysis of outcomes (1)
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• Primary : Left ventricular function
• Left ventricular systolic dysfunction (LVSD) 

Ø LV ejection fraction (LVEF) 

• Left ventricular diastolic dysfunction (LVDD)
Ø Left atrial volume
Ø Tricuspid regurgitant jet velocity
Ø E wave velocity

• Secondary outcomes: Right ventricular function
Ø ‘weaning’ OR ‘spontaneous breathing trial’ OR ‘mechanical ventilation’

Ø E/A ratio
Ø e’ 
Ø E/e’ 



Methods - Analysis of outcomes (2)
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• Four types of sensitivity analyses 
Ø Including studies with criteria for reintubation extended to a longer 

timeframe (i.e. 1 week) 
Ø Including studies with non-prospective design 
Ø Excluding studies with a high risk of bias 
Ø Performed with ‘leave-one-out at a time’ 



Methods - Study selection and data extraction 
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1. Screened titles and abstracts produced by the automated 
search. (FS, DDF, CS) 

2. Full text articles that were identified as relevant were then 
assessed against the eligibility criteria (FS, DDF, CS) 

3. Discrepancies (AN, MA)
4. Extracted data from individual studies, contacted 

corresponding authors, and entered information into a pre-
designed data collection form (FS, DDF) 

5. Cross-checked (AN, CS, AM)



Methods - Quality assessment 
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• the Newcastle-Ottawa scale (NOS)
Ø Selection

Ø Comparability

Ø Outcome

• Maximum of nine points 
Ø High-risk of bias : 1-3 points

Ø Intermediate-risk of bias  : 4 -5 points

Ø Low- risk of bias :6 - 9points 



Methods - Statistical analysis (1) 
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• the variables 
Ø Mean values and standard deviation 

Ø If data were reported only as median and inter-quartile range or 
confidence interval (CI) → followed the Cochrane’s recommendation to 
approximate the values of mean and standard deviation. 

• Continuous outcome differences 
Ø Inverse variance model with a 95% CI. 

Ø Values : standard mean difference (SMD)
Ø P-values : two-tailed and considered significant if <0.05 



Methods - Statistical analysis (2) 
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• Statistical heterogeneity 

Ø the !2 (Cochran Q) test. 

Ø If Q > degrees of freedom suggested and confirmed if P ≦ 0.10 

• Quantification of heterogeneity : I2 statistic 

Ø None heterogeneity : 0 - 24.9%

Ø Low heterogeneity : 25 - 49.9%

Ø Moderate heterogeneity : 50 - 74.9%

Ø High heterogeneity : >75%

Ø If heterogeneity was quantified as low or above→ more conservative 

random model was used. 

Ø Publication bias was investigated inspecting the funnel plot.



Results - Systematic search 
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Results – the Characteristics of the studies 
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• LVEF, n = 10
• E/e’ ratio, n = 10
• E/A ratio, n = 9
• E wave, n = 8
• TDI e’ wave, n = 7 
• Left atrial size, n = 1
• Tricuspid regurgitant jet velocity, n = 0 
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Results - Methodological quality 
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Results - LV systolic function, LVEF  
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Results - LV diastolic function, E/e’ ratio 
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Results - LV diastolic function, different e’ of 
E/e’ ratio 
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Results - LV diastolic function, TDI e’ wave
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Results - LV diastolic function, different regional
of TDI e’ wave
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Results - LV diastolic function, E wave 
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Results - Sensitivity analyses (1) 
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• Including studies with criteria for reintubation extended to a 
longer timeframe (1 week rather than 48 hours) , n = 2
Ø no statistical change 

• Inclusion of the study by Wang and colleagues (Chinese 
language, only abstract available in English) 
Ø no statistical change 

• All the included studies scored with a low risk of bias 
Ø Including studies with non-prospective design 
Ø Excluding studies with a high risk of bias 

Ø Performed with ‘leave-one-out at a time’ 



Results - Sensitivity analyses (2) 
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• Performed with ‘leave-one-out at a time’ 
Ø LVEF, where the exclusion of the study by Moschietto and 

colleagues changed the result to significant association 
between lower LVEF and weaning failure (P=0.04)



Results - Sensitivity analyses (3) 
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• Performed with ‘leave-one-out at a time’ 
Ø TDI e’ wave, where the exclusion of any one of these three 

studies changed the result to no significant association 
between e’ wave values and weaning failure (P values ranging 
between 0.08 and 0.17) 



Discussions – The physiological change 
between ex- and post extubation
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• From positive to negative pressure ventilation → ↑venous return 
Ø Higher filling pressures if LV compliance is reduced.
Ø Increase in LV afterload significant when inspiratory.
Ø RV dilatation
! Increase cardiac workload 



Discussions – The association between weaning 
failure and higher values of E/e’ ratio 
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• E/e’ ratio is indicated by the newest guidelines for the diagnosis 
of LV diastolic dysfunction.

• E/e’ is the marker of increased LV end-diastolic pressure (filling 
pressure) 

• The increased pool of blood returning to the LV may not be 
accommodated by if the compliance of LV is poor.



Discussions – E/A was not associated with 
weaning failure 
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• E/A ratio are useful in the grading of dysfunction.
• E/A ratio should not be interpreted as a continuous variable. 

Ø Semi-quantitative approach

• The ‘pseudo-normalisation’ issue 
Ø Increased left atrial pressures in patients with LVDD of second degree 

produces an E/A ratio with similar values to patients with normal LV 
diastolic function



Limitations
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• Not able to adjust for confounders by regression/multivariate 
analyses 

• Included critically ill patients with different pathologies and 
patients with significant clinical heterogeneity 
Ø another confounding effect is probably generated by the 

‘noncardiac’ causes of weaning failure 



Conclusion 
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Weaning failure from MV is significantly associated with 
parameters indicating worse LV diastolic function and 

increased LV filling pressure. 
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Can we predict weaning failure from ventilator though 
evaluate cardiac function parameter?



Thank you
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Results - LV diastolic function, DT 
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