
Moschietto and coworkers performed a complete trans
thoracic echocardiographic examination just before and 
10  minutes after starting a spontaneous breathing trial 
(SBT) in 68 nonselected patients, who were venti lated for 
more than 48  hours [1]. The aim of the study was to 
define the role of left ventricular (LV) systolic and 
diastolic function in weaning outcome.

Twenty out of 68 patients failed to wean. There was no 
difference in LV systolic function between both the failed 
and successful weaning groups, and systolic dysfunction 
(defined as LV ejection fraction <50%) was not related to 
weaning outcome. The ratio between the mitral Doppler 
inflow velocity (E wave) and the annular tissue Doppler 
velocity (Ea wave) measured either before or very early 
during the SBT was significantly higher in the group with 
weaning failure, indicating strong association of diastolic 
dys func tion due to impaired relaxation. An increased 
E/Ea ratio (>12.6 before SBT and >14.5 during SBT) 
predicted weaning failure in patients with sinus rhythm 
and atrial fibrillation with 60% and 75% sensitivity, 
respectively, and with 95.8% specificity. In the failed 
group, relaxation impairment (defined as Ea <8 cm/second) 
was more pronounced and was not improved during SBT. 
On the contrary, LV relaxation was improved during SBT 
in the successful group (increase of Ea from 8 to 10 cm/
second).

Importance of diastolic failure
LV diastolic failure has been systematically defined since 
1998 [2,3]. This failure is responsible for more than 50% 
of heart failure and is related to the mortality of 
outpatients [35]. LV diastolic failure is characterized by 
decreased myo cardial compliance for a variety of causes: 
coronary artery disease, myocardial hypertrophy and 
fibrosis, infil trative diseases, age, acidosis and hypoxia. In 
critically ill patients, diastolic dysfunction has been 
largely under diagnosed despite many factors that can 
impair left ventricular relaxation. By introducing echo
cardio graphy into the routine hemodynamic assessment, 
the condition becomes increasingly recognized – but the 
real impact on prognosis of critically ill patients is still 
not known. Additional exercise is well known to provoke 
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provoke or unmask left ventricular diastolic dysfunction 
with consecutive pulmonary edema or systolic 
dysfunction with inadequate increase of cardiac output 
and unsuccessful weaning. Echocardiography, which 
is increasingly used for hemodynamic assessment of 
critically ill patients, allows differentiation between 
systolic and diastolic failure. For various reasons, 
transthoracic echocardiographic assessment was 
limited to patients with good echo visibility and to 
those with sinus rhythm without excessive tachycardia. 
In these patients, often selected after unsuccessful 
weaning, echocardiographic findings were predictive 
for weaning failure of cardiac origin. In some studies, 
patients with various degrees of systolic dysfunction 
were included, making evaluation of the diastolic 
dysfunction to the weaning failure even more difficult. 
The recent study by Moschietto and coworkers included 
unselected patients and used very simple diastolic 
variables for assessment of diastolic function. They also 
included patients with atrial fibrillation and repeated 
echocardiographic examination only 10 minutes after 
starting a spontaneous breathing trial. The main finding 
was that weaning failure was not associated with systolic 
dysfunction but with diastolic dysfunction. By measuring 
simple and robust parameters for detection of diastolic 
dysfunction, the study was able to predict weaning 
failure in patients with sinus rhythm and atrial fibrillation 
as early as 10 minutes after beginning a spontaneous 
breathing trial. Further studies are necessary to 
determine whether appropriate treatment tailored 
according to the echocardiographic findings will result 
in successful weaning.
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or unmask the diastolic dysfunction [6]. The weaning 
process, which represents additional work for the 
cardiovascular system and increases the venous return 
and afterload at the same time, therefore represents a 
suitable scenario for develop ment of diastolic failure.

The rapid development of pulmonary edema with 
massive increase of pulmonary artery occlusion pressure 
during unsuccessful weaning was described by Lemaire 
and coworkers in 1988 [7]. On the contrary, 10 years later 
Jubran and coworkers confirmed inadequate increase of 
cardiac output with decreased mixed venous oxygen 
saturation during weaning failure of cardiac origin [8]. 
Differentiation between systolic and diastolic failure is 
difficult, but is clinically important because of different 
therapeutic approaches.

Diastolic failure and weaning from mechanical 
ventilation
A couple of recent studies focused on recognition of LV 
diastolic dysfunction and failure during weaning from 
mechanical ventilation. In 17/39 selected patients who 
failed two consecutive SBTs, Lamia and coworkers con
firmed elevation of the pulmonary artery occlusion 
pressure during the third weaning trial. It could be 
predicted accurately (sensitivity 82%, specificity 91%) by 
a combination of E/A >0.95 and E/Ea >8.5. The study 
included 20% of patients with depressed left ventricular 
systolic function [9].

Caille and coworkers studied hemodynamic changes in 
117 nonselected patients [10]. Weaning failure occurred 
more often in patients with depressed systolic function. 
Before the SBT, signs of diastolic dysfunction (shorter 
deceleration time of E wave and higher E/Ea ratio) were 
found in patients with LV ejection fraction <35%. In 
patients with LV ejection fraction <50%, signs of diastolic 
dysfunction (increased E/A ratio and decreased decelera
tion time of E wave) were observed during the SBT.

Papanikolaou and coworkers obtained standard mitral 
inflow analysis and additional Doppler echocardiographic 
variables before and during a SBT in 50 critically ill 
patients without obvious cardiac disease for assessment 
of LV diastolic function and filling pressures [11]. 
Twentythree patients failed to wean and weaning failure 
was significantly associated with LV diastolic dysfunction.

In all of these studies, patients with atrial fibrillation 
were excluded. This omission limits considerably the 
applicability of echocardiography for detection of 
diastolic failure since the proportion of patients with 
atrial fibrillation is constantly increasing.

conclusion
The fact that diastolic (dys)function could be assessed in 
patients also with atrial fibrillation in Moschietto and 
colleagues’ study represents an important new finding. 

The second important message is that diastolic function 
was assessed only by measurement of E and Ea waves. 
Both variables are very simple to obtain and their ratio 
represents a reproducible and robust measure of LV 
diastolic properties. Finally, the short interval between 
two measurements (10 minutes after starting the SBT) 
makes serial echocardiographic evalua tion very close to 
continuous monitoring and allows detection of 
progressive diastolic dysfunction, which was an excellent 
predictor of weaning failure.

Being aware of the importance of LV diastolic dysfunc
tion in the evolution of weaning failure, therefore, all one 
needs is to observe the patient for 15 minutes before and 
during the initial phase of a SBT and to perform two very 
basic transthoracic echocardiographic examination exami
na tions. It remains to be investigated whether early 
proper treat ment can improve the success of weaning.
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