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Abstract
In critically ill neurosurgical patients, delayed and premature extubation increases the risk of morbidity and mortality. 
Assessment of critically ill patients before and during spontaneous breathing trial (SBT) is crucial in predicting weaning 
failure. We explored the trend of changes with integrated lung and cardiac ultrasonography in predicting success of weaning 
in neurosurgical patients. Lung ultrasound and cardiac ultrasound was performed before and after 30 min and 120 min of 
SBT. Lung ultrasound score (LUS, range 0–36) was calculated using a predefined method of assessment of six chest regions 
on either side. The left ventricular function was evaluated by measuring fractional area change. The maximum velocities of 
mitral inflow E and A waves (E/A), deceleration time of E wave (DTE) and tissue doppler based E′ wave at lateral annulus 
to calculate E/E′, were measured to assess left ventricular filling pressure. Twenty seven patients underwent SBT, among 
these 22 had success and five had failure of SBT. The SBT failure group had higher baseline LUS and progressively higher 
LUS during SBT compared to the success group, suggesting significant lung de-recruitment. There was significant increase 
in the LV filling pressure (increase E/A and E/E′, decrease in DTE) after 30 and 120 min of SBT in failure group compared 
to the success group. Point of care lung and cardiac ultrasonography may be useful in detecting cardiopulmonary changes 
induced by SBT. Higher lung aeration loss and LV filling pressure were observed with SBT failure group.
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1  Introduction

Prediction of weaning failure, particularly in neurosurgical 
patients is challenging. Delayed weaning and extubation in 
acute brain injured patients increases the rate of mortality 
and prolongs length of stay in intensive care unit (ICU) [1]. 
Similarly, early attempts of weaning are complicated by 
post-extubation respiratory dysfunction and reintubation, 
associated with increased mortality, higher rate of trache-
ostomy, increased duration of ventilatory support and pro-
longed length of ICU stay [2, 3]. The common reasons for 
endotracheal intubation and mechanical ventilation in neu-
rosurgical patients include impaired neurological function, 

airway protection or raised intracranial pressure, in addition 
to cardiorespiratory abnormalities. The primary aim of care 
for these patients is to detect and prevent any secondary 
neurological insult while supporting systemic and neurologi-
cal homeostasis. Hypoxia and hypercarbia are factors which 
need to be absolutely avoided while caring for such patients. 
Mechanical ventilation is continued until the patient is clini-
cally stabilized and primary neurological damage has been 
taken care. Subsequently the transition from control ventila-
tion to spontaneous ventilation begins [4, 5].

Literature suggests that Glasgow coma scale (GCS) of 
8 or above and presence of adequate cough reflex are more 
likely to predict successful extubation in neurosurgical 
patients. These data also suggest that complete neurological 
recovery is not necessary to execute successful extubation 
[6, 7]. The aetiology for weaning failure from ventilatory 
support is usually multifactorial, involving composite inter-
action between cardiac and lung function. In ICU, utility 
of numerous respiratory indices to guide weaning process 
have been replaced by spontaneous breathing trial (SBT) [8, 
9]. Apart from loss of lung aeration due to transition from 
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prolonged mechanical ventilation to spontaneous breathing, 
there is increase LV preload and after load, and decrease in 
LV compliance. These factors may increase LV filling pres-
sure leading to failure of weaning [10, 11].

To enhance the success of weaning, apart from the clini-
cal assessment, ultrasonic evaluation of cardiorespiratory 
system before and during SBT is very important in antici-
pating weaning failure [12]. Assessment of lung aeration by 
ultrasonography is rapidly gaining significance in weaning 
protocol [13]. Apart from lung ultrasonography, the role of 
transthoracic echocardiography in successfully predicting 
weaning capability has been investigated in the recent times 
[14]. Cardiac related weaning failure may be due to systolic 
LV dysfunction or isolated diastolic dysfunction represent-
ing nearly 40% of all failed weaning [15, 16] The aim of 
this prospective observational study was to evaluate the 
cardiorespiratory ultrasonographic parameters in patients 
being weaned and contrasting the trend of changes in those 
successfully completing SBT in comparison to SBT failure.

2 � Methods

This prospective observational study was conducted over 
a 6  month period (from December 2017 to May 2018) 
after obtaining approval from the institute ethics commit-
tee (IEC). Informed consent was obtained from patients 
next of kin. This trial was registered in clinical trial reg-
istry with ClinicalTrials.gov Identifier: NCT03580993. 
Consecutive adult neurosurgical patients (age > 18 years) 
who were mechanically ventilated for longer than 48 h 
and planned for weaning were recruited. Inclusion in the 
study was allowed when patients’ underlying disease that 
required mechanical ventilation was considered reversed or 
stabilised by the attending physician, rendering them eligible 
for SBT. Exclusion criteria included age less than 18 years, 
Pregnancy, GCS score less than 8, pre-weaning PaO2/FiO2 
ratio of less than 200, severe ICU acquired neuromyopathy, 
lower cranial nerve involvement, tracheostomized patients, 
patients with high spinal cord lesions (above T8), presence 
of thoracostomy, pneumothorax or pneumomediastinum or 
pleural effusion, presence of rib fractures, patients having 
severe left ventricular dysfunction (LVEF < 35%), valvular 
heart disease and patients with planned prophylactic nonin-
vasive ventilation. Secondary exclusion criteria consisted 
of uncooperative patient behavior or absence of a proper 
ultrasonographic window allowing adequate visualization 
of the lung or the heart.

2.1 � Protocol

For every patient, standard medical care was provided by the 
ICU physician in charge. Discontinuation from mechanical 

ventilation/weaning was attempted according to clinical 
judgment of the intensivist. The treating physician was blind 
to the ultrasound results.

2.2 � Spontaneous breathing trial

When the patient was deemed ready for SBT, they were 
allowed to breathe spontaneously through a T-tube circuit 
with oxygen flow at 5 L/min for 1 h during the first SBT. 
Subsequent time of weaning was determined by the treating 
physician.

SBT failure was defined as inability to tolerate a T-piece 
trial for 30 to 120 min [17]. Criteria for failure to tolerate 
SBT consisted of the following:

a.	 Change in level of consciousness
b.	 Clinical features of respiratory distress (Respiratory 

rate > 35 breaths/min, arterial oxygen saturation < 90%, 
paradoxical thoracoabdominal breathing or use of acces-
sory respiratory muscles)

c.	 Haemodynamic instability (heart rate > 140, systolic 
blood pressure < 90 mmHg or 20% change from base-
line)

Patients with SBT failure were put back on controlled venti-
latory mode. Patients who underwent successful SBT were 
continued with the weaning protocol. The successful SBT 
patients were monitored for extubation failure. Criteria for 
failed extubation included patient requiring either reintuba-
tion or non-invasive ventilation or high-flow nasal oxygen 
therapy within 48 h following extubation [18].

The lung ultrasound and echocardiographic parameters 
including haemodynamics were measured and documented 
during the following time points:

(1)	 Before SBT
(2)	 30 min after initiating SBT
(3)	 120 min after SBT

2.3 � Lung ultrasonography

Lung ultrasonography was performed by a trained inves-
tigator using 2–4 MHz probe (Esaote ultrasound system, 
MyLabTM Gamma, Genova, Italy). Each intercostal space 
of upper and lower parts of the anterior, lateral, and posterior 
regions of the left and right chest wall was examined [19]. 
Four ultrasound lung aeration patterns were defined:

1.	 Normal lung aeration (N): Lung sliding present with 
A-lines/ less than two isolated B lines.

2.	 Moderate loss of lung aeration (B1 lines): multiple well-
defined B lines.
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3.	 Severe loss of lung aeration (B2 lines): multiple coales-
cent B lines.

4.	 Lung consolidation (C): Tissue pattern characterized by 
dynamic air bronchograms.

	 For a given region of interest, points were allocated 
according to the worst ultrasound pattern observed: 
N = 0, B1 lines = 1, B2 lines = 2, C = 3. The Lung ultra-
sound score (LUS) ranging between 0 and 36 was cal-
culated as the sum of the points [13, 20].

2.4 � Transthoracic echocardiography

All of the patients underwent transthoracic echocardio-
graphic examination by 2.5–3.5 MHz cardiac probe. The 
left ventricle systolic function was assessed by measuring 
fractional area change (FAC) in the short axis view of the 
left ventricle. Left ventricle diastolic function assessed by 
placing pulsed wave doppler at tip of mitral leaflets, we 
recorded maximal flow velocity during early diastole (E 
wave) and late diastole (A wave), to measure the ratio of 
mitral inflow velocity (E/A ratio) and deceleration time of E 
wave. Doppler tissue imaging (DTI) was used to calculate E′ 
at the lateral mitral annulus and assess left ventricular (LV) 
filling pressure by measuring E/E′ ratio [21].

2.5 � Statistical analysis

Data was collated offline in a Microsoft Excel spreadsheet 
(ver. 2007). Analysis was conducted using R software (ver. 
3.5.2) [22]. Interval scale variables are represented as medi-
ans and inter-quartile ranges, and categorical data as fre-
quencies and proportions. Demographic data and single time 
point variables were compared between the groups using 
Mann–Whitney U-test (in view of small sample size) for 
interval scale data and using Chi-square test or Fisher test 
(as appropriate) for categorical data. It was found that age 
and chronic obstructive pulmonary disease (COPD) was 
significantly different for the outcome groups of successful/
failure SBT. However, due to small sample size, and com-
plete separation of outcome with inclusion of confounding 
covariates, regression analysis could not be conducted. Non 
parametric longitudinal design analysis using rank method 
was conducted using “nparLD” package of R for between 
group hypothesis testing of repeated measures data (Pre 
SBT, 30 min SBT and 120 min SBT time points) [23]. 
p < 0.05 was taken as level for statistical significance.

3 � Results

Thirty patients were assessed for inclusion into the study. 
Three patients had neurological deterioration and were 
excluded. Twenty-seven patients were included and 

underwent SBT (success = 22, failure = 5). Among 22 SBT 
success patients, 4 (18.1%) had extubation failure.

3.1 � Demographic variables

Age and proportion of COPD were found to be significantly 
different for SBT success and failure groups (Table 1).

3.2 � Lung ultrasound score (LUS)

Baseline LUS were found to be significantly higher in 
SBT failure group compared to success group (p = 0.007, 
Table 2). LUS was found to increase during the course of 
SBT in both the groups (Table 2, Fig. 1) and the increase 
was found to be statistically significant (p < 0.001 for both 
groups). Overall between group comparison was found to be 
statistically significant (p < 0.001), which probably builds 
up on the baseline difference. Group*Time interaction (dif-
ference of trend of change of LUS over time, compared 
between the two groups) was not found to be significantly 
different (p = 0.866).

3.3 � Haemodynamic parameters

There was no difference of baseline heart rate (HR), sys-
tolic and diastolic blood pressures (SBP, DBP) between 
two groups (Table 2). Within group effect showed a statisti-
cally significant increase of HR in both the groups (Table 2, 
Fig. 1), Blood pressures did not change significantly in the 
SBT success group, while they increased in the SBT fail-
ure group. Interaction effect was found to be statistically 
significant for all the hemodynamic variables, showing a 
higher rate of change in the failure group compared to the 
success group. Since interaction effect was found significant, 
between group effect will not be discussed.

Table 1   Presents distribution of demographic variables between SBT 
groups

SBT spontaneous breathing trial, CAD coronary artery disease, 
COPD chronic obstructive pulmonary disease, VAP ventilator associ-
ated pneumonia, F female, M male, SD standard deviation
p < 0.05 is level of statistical significance

Variable SBT success SBT failure p-value

Age (mean ± SD) 44.5 ± 12.1 55.4 ± 5.7 0.04
Sex (F/M) 9/13 0/5 0.136
CAD (absent/present) 20/2 4/1 0.474
COPD (absent/present) 22/0 2/3 0.003
VAP (absent/present) 19/3 5/0 1
Inotropes (absent/present) 16/6 2/3 0.295
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3.4 � Parameters of diastolic cardiac function

Baseline values of E/Eʹ ratio, E/A ratio and DTE did not 
show any difference between the two groups (Table 2). SBT 
failure group registered statistically significant increases in 
E/Eʹ ratio and E/A ratio, and reduction in DTE (Table 2, 
Fig. 2). In the SBT success group, E/Eʹ ratio was found 
to increase slightly (p = 0.012), while E/A ratio and DTE 
stayed relatively constant over the time points. Interaction 
effect was found to be statistically significant for E/A ratio 
and DTE (p < 0.001 and p = 0.007 respectively), and trend-
ing towards significance for E/Eʹ ratio (p = 0.136). Between 
group effect for E/Eʹ ratio was not found to be statistically 
significant.

3.5 � Fractional area change (FAC)

Baseline FAC was not found to be significantly different 
between the two groups (p = 0.333). FAC decreased signifi-
cantly in the SBT failure group (p < 0.001, Table 2, Fig. 2), 
while SBT success group registered no change (p = 0.263). 
Between group effect was not found to be statistically sig-
nificant, while interaction effect was found to be trending 
towards significance (p = 0.108). The same is probably due 

to small sample size and explained by the within group 
changes discussed above.

Table of descriptives for all variables is provided as a 
separate table (Table 3).

4 � Discussion

The reasons for weaning failure from ventilatory support 
are usually multifactorial and include complex interaction 
between cardiac and respiratory dysfunction [17]. We pre-
sent trend of changes in lung ultrasound findings and echo-
cardiographic cardiac status during SBT. Brisk dynamic 
changes in the pulmonary and cardiac load taking place 
throughout the SBT can be picked up by cardiopulmonary 
sonography in real time. In our study SBT failure group 
had higher basal LUS (p = 0.007, Table 2) and progressively 
increasing LUS at 30 min and at end of SBT denoting signif-
icant lung de-recruitment (Fig. 1). There was no difference 
in the LV filling pressure before SBT between success and 
failure groups (Table 2), but there was significant increase 
in the LV filling pressure (increase E/A and E/E′, decrease 
in DTE) after 30 and 120 min of SBT in failure group com-
pared to the success group (Table 2, Fig. 2). In our trial none 
of the patients had LV systolic dysfunction before or at the 

Table 2   Table depicts p-values 
for between and within 
group comparisons of LUS, 
echocardiographic parameters 
and haemodynamic parameters 
between the SBT success and 
failure groups

Pre SBT comparison shows results of Mann–Whitney U test, and the other columns show results of non-
parametric longitudinal design analysis
SBT spontaneous breathing trial, LUS lung ultrasound score, SBP systolic blood pressure, DBP diastolic 
blood pressure, HR heart rate, FAC fractional area change, E doppler mitral early diastolic wave, A doppler 
mitral late diastolic wave, DTE deceleration time of E wave, E′ tissue doppler based early diastolic wave at 
lateral annulus
p < 0.05 is taken as level of statistical significance

Variable SBT Pre SBT 
comparison

Within group effect Between 
group effect

Group*time 
interaction 
effect

LUS Failure 0.007 < 0.001 < 0.001 0.866
Success < 0.001

FAC (%) Failure 0.333 < 0.001 0.31 0.108
Success 0.263

E/E’ Failure 0.731 0.002 0.13 0.136
Success 0.012

E/A Failure 0.16 < 0.001 0.46 < 0.001
Success 0.608

DTE (ms) Failure 0.126  < 0.001 0.639 0.007
Success 0.078

HR Failure 0.397 < 0.001 0.015 0.02
Success  < 0.001

SBP (mmHg) Failure 0.875 0.001 0.322 0.009
Success 0.281

DBP (mmHg) Failure 0.706 0.001 0.053 0.014
Success 0.276
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end of SBT, but there was decreasing trend of FAC in the 
SBT failure group. (Table 2, Fig. 2).

Increase in LUS leading to significant de-recruitment 
and increase in LV filling pressure may have cumulatively 

contributed to failure of SBT. It is difficult to differentiate 
incidence of cardiac or pulmonary related weaning failure, 
because the increase in cardiac and pulmonary load are 
strongly interconnected [24]. In a study by Soummer [13], 

Fig. 1   Depicting trend of 
change of LUS and hemo-
dynamic variables over SBT 
time points. SBT spontaneous 
breathing trial, LUS lung ultra-
sound score, SBP systolic blood 
pressure, DBP diastolic blood 
pressure, HR heart rate
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patients with lower LUS had better aeration and patients 
with progressive higher LUS during SBT had progressive 
lung de-recruitment. Initiation of weaning in our study was 
based on a clinical decision of treating intensivist, assuming 

that the respiratory condition has been optimally stabilised. 
However, without objective evidence, the process of wean-
ing may be initiated far before normalization of pulmonary 
function. SBT failure or extubation failure is likely due to 

Fig. 2   Depicting trend of 
change of echocardiographic 
variables over SBT time points. 
FAC fractional area change, SBT 
spontaneous breathing trial, E 
doppler mitral early diastolic 
wave, A doppler mitral late 
diastolic wave, DTE decelera-
tion time of E wave, E′ tissue 
doppler based early diastolic 
wave at lateral annulus
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inadequate lung reaeration at the time of SBT. Lung ultra-
sonography provides a reliable method to estimate regional 
aeration of lung [19, 20]. Literature suggests transition from 
mechanical ventilation to spontaneous breathing is linked 
with increased cardiac preload and after load [14, 25]. Simi-
lar to our study results, literature suggests there are signifi-
cant changes in doppler mitral flow indexes (increase in E/A, 
E/E′ and decrease in DTE) following initiation of SBT, sug-
gesting increase in left ventricular filling pressure [14, 26]. 
Integrative use of cardiothoracic chest ultrasound data may 
help in predicting SBT failure or post extubation distress in 
critically ill patients [27, 28].

During SBT, success group had more stable blood pres-
sure, while the failure group had progressive increase in 
heart rate and blood pressure. This may be due to a reflex 
mechanism to compensate for imbalance in cardiopulmonary 
load during SBT [29]. Patients with higher age and presence 
of COPD were more likely to have SBT failure in our series. 
In a study by Asehnoune et al. [30], age more than 40 years 
in severe brain injured patients was one of the predictors for 
weaning failure. Also, weaning failure has been shown to be 
common in patients with COPD [17, 31].

Extubation failure may occur despite successful SBT 
due to other causes such as upper airway obstruction due 
to airway oedema, inability to handle excessive secretion, 
neurological impairment and inadequate muscle strength. 
In this series 18.1% of SBT success patients had extubation 
failure. Reasons for reintubation included neurological dete-
rioration (n = 2) and inability of the patient to manage exces-
sive secretions after extubation (n = 2). Currently, indices 

intended to predict SBT failure are indirect evidence of loss 
of lung aeration such as oxygen saturation defect, tachyp-
noea to compensate minute ventilation, altered mental status, 
tachycardia and hemodynamic instability [24]. Direct assess-
ment of regional lung aeration provides a major advantage 
in predicting SBT success. Lung ultrasound has replaced 
conventional radiological means of assessing lung aeration, 
because it is point of care, easily repeatable, non-invasive 
and highly predictable [20, 32]. Several trials have shown 
utility of lung ultrasound for lung re-aeration following anti-
microbial therapy in ventilator associated pneumonia (VAP) 
[33], assessing positive end-expiratory pressure (PEEP) and 
prone position induced lung recruitment [20] and resolu-
tion of pulmonary oedema [34]. Lung ultrasound based 
detection of SBT induced de-recruitment may not elicit the 
cause for aeration loss. The other probable factors involved 
in SBT induced lung aeration loss like fluid overload, mas-
sive pleural effusion, pulmonary infection, cardiac dysfunc-
tion, copious bronchial secretions and diaphragmatic dys-
function should be screened simultaneously and managed 
accordingly.

5 � Limitation

This is a single institution, observational study with small 
sample size, which limits generalizability of the findings. 
Before generalising the results of this study, a randomized, 
multicentre interventional study is required to assess 
the impact of combined cardiothoracic chest ultrasound 

Table 3   Depicting descriptives 
of all variables across the 
SBT time points [median 
(interquartile range)]

SBT spontaneous breathing trial, LUS lung ultrasound score, SBP systolic blood pressure, DBP diastolic 
blood pressure, HR heart rate, FAC fractional area change, E doppler mitral early diastolic wave, A doppler 
mitral late diastolic wave, DTE deceleration time of E wave, E′ tissue doppler based early diastolic wave at 
lateral annulus

Variable Group Pre SBT 30 min of SBT 120 min of SBT

LUS Failure 10 (6–12) 12 (12–13) 18 (16–18)
Success 0 (0–1.75) 1 (0–2) 1.5 (0–3)

FAC (%) Failure 48 (42–50.2) 47.1 (39.9–47.7) 46.7 (38.7–47.1)
Success 53 (48.25–57.75) 52.95 (46.7–58) 51.55 (44.2–58.2)

E/Eʹ Failure 3.7 (2.76–4.2) 4.9 (3.6–5.4) 5.3 (4.1–5.8)
Success 3.2 (3.03–3.7) 3.4 (3.1–3.9) 3.4 (3.2–4.1)

E/A Failure 0.9 (0.87–0.9) 0.98 (0.89–1.2) 1.14 (0.99–1.4)
Success 1.2 (0.94–1.34) 1.2 (0.95–1.4) 1.2 (1.05–1.4)

DTE (ms) Failure 175 (155–188) 151 (142–171) 141 (141–164)
Success 155 (144.3–163.5) 147.5 (142.3–162.8) 150.5 (140.2–161.5)

HR Failure 92 (84–96) 108 (98–110) 112 (108–118)
Success 86 (77–92) 92 (80–98.75) 94 (86–95.5)

SBP (mmHg) Failure 130 (130–140) 142 (136–156) 158 (144–160)
Success 137.5 (129.25–141.5) 138 (128–145) 138 (127–145)

DBP (mmHg) Failure 84 (80–90) 88 (88–94) 94 (92–94)
Success 84 (80–88) 84 (78.5–90) 84 (80.5–92)
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monitoring during SBT. In this study a single investiga-
tor performed ultrasound examination who had 12 months 
experience in lung cardiac ultrasound. Trials have shown the 
learning curve for gaining skills in chest ultrasonography 
ranges from 3 weeks to 7 months based on the expertise level 
[35–37]. In SBT failure group, we were unable to differenti-
ate the major contributor—lung aeration loss or increased 
LV filling pressure or a combined effect. The criteria for 
failure to tolerate SBT was based on clinical judgement 
(parameters include change of level of consciousness, clini-
cal features of respiratory distress, and haemodynamic insta-
bility). Another objective assessment determining failure of 
SBT, like arterial blood gas analysis was not used in this 
study during SBT. We did not evaluate biological markers 
of cardiovascular system during SBT like circulating B-type 
and atrial natriuretic peptides (BNP, ANP) to predict wean-
ing success [11].

6 � Conclusion

Bedside lung and cardiac sonographic examination before 
and during SBT may help in predicting success of SBT. 
Higher LUS, E/A, E/E’ ratios and lower DTE were observed 
in patients who failed SBT. Larger studies using this modal-
ity as a guiding tool for SBT are required to confirm these 
findings.
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