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ABSTRACT 

Background: We hypothesized that bedside lung ultrasound (LUS) and echocardiography could be a 

predictor of postextubation distress by detecting a high lung aeration defect immediately before weaning by 

evidencing significant lung derecruitment during the spontaneous breathing trial (SBT). 

Objective: To evaluate the effectiveness of Lung Ultrasound (LUS) and Transthoracic Echocardiography 

(TTE) in predicting successful weaning of mechanically ventilated patients. 

Patients and Methods: This study was performed on 50 mechanically ventilated patients in general and 

respiratory ICU during the period from August 2019 to January 2021, at Bab-Al-Sha'reia University 

Hospital. Lung ultrasound and echocardiography were determined before and at the end of a 60-min 

spontaneous breathing trial (SBT) and 4 hrs. after extubation. To quantify lung aeration, a lung ultrasound 

score was calculated. 

Results: Forty-five patients had SBT success (90%) and 5 patients experienced SBT failure (10%), From 

those patients with SBT success, there were 16 patients (35.56%) had post extubation distress, and 29 

patients (64.44%) had post extubation success. In patients who successfully passed the SBT, a lung 

ultrasound score ≤10 at the end of the SBT was highly predictive of postextubation success with a 

statistically significant difference (p value < 0.001). On the other hand, lung ultrasound score ≥18 at the end 

of the SBT was highly predictive of postextubation distress with a statistically significant difference (p value 

< 0.001). We found significant differences in E/A ratio 1.08 ± 0.2 in patients with spontaneous breathing trial 

success, and 1.6 ± 0.1 in patients with SBT failure with a statistical significant (p-value < 0.001). 

Conclusion: LUS and TTE during spontaneous breathing trial may accurately predict postextubation 

distress. 

Key Words: Lung ultrasound, diastolic dysfunction, mechanical ventilation, postextubation distress, 

reintubation, weaning. 

 

INTRODUCTION 

     Unnecessary extubation delays can 

increase the morbidity and mortality 

associated with prolonged ventilation. 

Nevertheless, trying to decide when to 

extubate patients from mechanical 

ventilation can be challenging for the 

clinician and has been reported by some to 

be more art than science (Peouelas et al., 

2011). 
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     Most proposed predictors of 

postextubation distress either require 

special equip-ment are too complex for 

bedside use, or have a limited predictive 

value (Nemer et al., 2011). 

     There are no simple clinical indices 

known to be powerful predictors of 

postextubation distress. Many 

mechanisms whose relative weights vary 

from one patient to another may have an 

impact on the ability to wean from 

me¬chanical ventilation (Heunks and van 

der Hoeven, 2010). 

     Lung ultrasound (LUS) could be a 

predictor of postextubation distress by 

detecting a high lung aeration defect 

im¬mediately before weaning and/or by 

evidencing significant lung derecruitment 

during the SBT (Boles et al., 2011). 

     Cardiac dysfunction is another leading 

cause of weaning failure. The abrupt 

cessation of positive pressure ventilation 

increases venous return and left 

ventricular (LV) afterload, decreases LV 

compliance, and may even induce cardiac 

ischemia. All these factors tend to 

increase LV filling pressure, and may 

subsequently result in cardiogenic 

pulmonary edema (Girard et al., 2017). 

     The aim of this work was to evaluate 

the effectiveness of LUS and TTE in 

predicting successful weaning of 

mechanically ventilated patients. 

PATIENTS AND METHODS 

Study design: This was a prospective 

study for evaluation the use of (LUS) and 

(TTE) in predicting successful weaning of 

mechanically ventilated patients. It was 

performed on 50 mechanically ventilated 

patients in general and respiratory ICU 

during the period from August 2019 to 

January 2021, at Bab-Al-Sha'reia 

University Hospital. 

Data collection: 

1. Data were collected from these 

patients: Demographic data, clinical 

diagnosis, days of admission, cause of 

mechanical ventilation, days of 

mechanical ventilation, underlying 

cardiac and pulmonary diseases, and 

Simplified Acute Physiology Score 

(SAPS II). 

2. LUS scoring to detect lung aeration 

defect before and at the end of a 60-

min spontaneous breathing trial and 4 

hrs. after extubation (Table 1). 

Table (1): Lung US score for detection of the degree of lung aeration 

Points for each lung 

zone (12 zones) 
Degree of lung aeration Pattern 

0 point Normal aeration 
Horizontal A-line (no more 

than two B-line) 

1 point Moderate loss of aeration 
Multiple B-line either regularly 

spaced or irregularly spaced 

2 points Severe loss of aeration Multiple coalescent B-lines 

3 points Complete loss of aeration Lung consolidation 

Total score From 0 to 3 
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3. TTE at the end of a 60-min 

spontaneous breathing trial for 

assessment of fractional area changes, 

peak velocity of early and late mitral 

flow, ratio between early and late 

mitral flow, and deceleration time of 

velocity of early mitral flow. 

Inclusion criteria: Patients mechanically 

ventilated for more than 48 hrs. when the 

underlying respiratory disease that has 

required intubation was considered by the 

attending physician as reversed, rendering 

the patient eligible to1-hr SBT. 

Exclusion criteria: Patients aged <18 

yrs., patients with tracheostomy, 

Paraplegia with medullar level above T8, 

significant cardiac arrhythmias and severe 

ICU-acquired neuromyopathy. 

Statistical analysis: Data were analyzed 

using Statistical package for the Social 

Sciences (SPSS) version 15.0. 

Quantitative data were expressed as mean 

± standard deviation (SD) and were 

compared by independent t-test. 

Qualitative data were expressed as 

frequency and percentage and were 

compared by Chi square test. 

 

RESULTS 

 

     As regard spontaneous breathing trial, 

there were success in 45 patients (90%) 

and failure in 5 patients (10%). As regard 

post extubation distress/success, there 

were distress in 16 patients (35.5%) and 

success in 29 patients (64.4%) (Table 2). 

 

Table (2): Description of spontaneous breathing trial and post extubation 

distress/success in all studied patients 

 
Studied patients 

(N = 50) 

Spontaneous breathing trial 
Success 45 90% 

Failure  5 10% 

Post extubation 
Distress 16 35.56% 

Success 29 64.44% 
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     No statistical significant difference of 

diagnosis, MV causes and associated 

diseases as regard spontaneous breathing 

trial. Statistically significant difference of 

simplified acute physiologic score II, 

duration of MV, ICU stay and ICU 

mortality were as regard spontaneous 

breathing trial (Table 3). 

 

Table (3): Comparison of clinical data as regard spontaneous breathing trial 

Spontaneous 

breathing trial 

Parameters 

Success 

(n = 45) 

Failure 

(n = 5) 
P-value 

Diagnosis 
Medical 32 71.1% 3 60% 

0.607  
Surgical 13 28.9% 2 40% 

MV causes 

Respiratory 

failure 
14 31.1% 1 20% 

0.946  

Multiple trauma 8 17.8% 1 20% 

Non-traumatic 

coma 
2 4.4% 0 0% 

Severe 

hemodynamic 

instability 

16 35.6% 2 40% 

Post-operative 

complication of 

abdominal 

surgery 

5 11.1% 1 20% 

Associated diseases 

None 6 13.3% 0 0% 

0.665  

Pulmonary 

disease 
21 46.7% 3 60% 

Cardiovascular 

disease 
14 31.1% 1 20% 

Cardiovascular 

disease and 

pulmonary disease 

4 8.9% 1 20% 

Simplified Acute 

Physiologic Score II 
Mean ±SD 49.9 ± 12.5 66.8 ± 14.7 0.013*  

Duration of MV 

(days) 
Mean ±SD 5.2 ± 1.4 7.4 ± 0.9 0.002* 

ICU stay (days) Mean ±SD 11.6 ± 5.5 19.8 ± 3.03 0.004* 

ICU mortality 
No 41 91.1% 3 60% 

0.042  
Yes 4 8.9% 2 40% 

*: Mann Whitney U test. 
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     There was a statistical significant 

difference of LUS (before SBT, End of 

SBT & H4 post-extubation) as regard 

post-extubation success/distress (Table 4). 

 

Table (4): Comparison of LUS as regard post-extubation success/distress. 

Post-extubation 

Parameters 

Distress 

(n = 16) 

Success 

(n = 29) 
P-value 

LUS before SBT Mean ±SD 15.3 ± 1.4 9.8 ± 2.5 < 0.001* 

LUS end of SBT Mean ±SD 18.3 ± 1.1 9.8 ± 2.5 < 0.001* 

LUS H4 post-extubation Mean ±SD 20.3 ± 5.4 10.4 ± 2.8 < 0.001* 
*: Mann Whitney U test. 

 

     No statistical significant difference of 

fractional area change (%), peak velocity 

of late mitral flow, and deceleration time 

of velocity of early mitral flow as regard 

spontaneous breathing trial. Statistical 

significant difference of peak velocity was 

of early mitral flow and ratio between 

early and late mitral flow as regard 

spontaneous breathing trial (Table 5). 

 

Table (5): Comparison of ECHO as regard spontaneous breathing trial 

Spontaneous 

breathing trial 

Parameters 

Success 

(n = 45) 

Failure 

(n = 5) 
P-value 

Fractional area change (%) Mean ±SD 45.5 ± 4.3 48.6 ± 4.5 0.141 

Peak velocity of early mitral flow 

(m/sec) 
Mean ±SD 0.79 ± 0.08 1.06 ± 0.08 < 0.001 

Peak velocity of late mitral flow 

(m/sec) 
Mean ±SD 0.73 ± 0.11 0.68 ± 0.08 0.309 

Ratio between early and late 

mitral flow 
Mean ±SD 1.08 ± 0.2 1.6 ± 0.1 < 0.001 

Deceleration time of velocity of 

early mitral flow (msec) 
Mean ±SD 169.7 ± 21.3 181.2 ± 39  

 

DISCUSSION 

     Unnecessary extubation delays can 

increase the morbidity and mortality 

associated with prolonged ventilation. 

Nevertheless, trying to decide when to 

extubate patients from mechanical 

ventilation can be challenging for the 

clinician and has been reported by some to 

be more art than science (Peouelas et al., 

2011). 

     As regard simplified acute physiologic 

score II (SAPSII) in our study the mean of 

SAPSII in patients with spontaneous 

breathing trial success and in patients with 

Spontaneous breathing trial failure 

showed a statistical significant difference. 

On the other hand the mean of SAPSII in 

patients with post extubation distress and 

in patients with post extubation success it 

showed a statistical significant difference. 

In contrary to our result, Soummer et al. 

(2012) and Sliva et al. (2017) found that 

SAPS II has no statistical significance in 

predicting weaning failure. 

     Despite elevated SAPS II at admission, 

ICU-mortality rate was low (12%) in 

agreement with Soummer et al. (2012) 

with mortality (8%) and Sliva et al. (2017) 

with mortality (10%). The fact that the 
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SAPS II score on admission was not 

associated with death may be explained by 

the significant proportion of patients that 

died before any weaning attempt was 

made. Thus, the power of the SAPS II 

score to predict death as associated with 

the weaning categories may have been 

weakened by the loss of the most severely 

ill patients. 

     The mean length of stay in ICU was 

significantly prolonged in patient with 

post extubation distress. This coincided 

with a recent retrospective study of Chung 

et al. (2020) who established a model for 

predicting extubation based on the 

predictive factors of successful 

extubation. This result could be attributed 

to the more severity and more associated 

comorbidities of those patients with 

prolonged ICU stay. 

     As regard the mean duration of MV, 

patients with post extubation distress and 

patients with post extubation success 

showed a statistically significant 

difference. This finding matches with 

those of Abdel Rahman et al. (2020) who 

showed that prolonged mechanical 

ventilation of critically ill patients is 

associated with higher rates of mortality 

and morbidity. 

     These results show that the means of 

SAPS II, length of ICU stay and duration 

of MV have great effect on weaning 

process and considered critical causes of 

post extubation distress. 

     Among patients who successfully pass 

SBT, the derecruitment was greater in 

patients who developed postextubation 

distress than in those who were 

definitively weaned. Ferré et al. (2019) 

concluded a similar observation in their 

study which included 42 patients and 

aimed at detecting weaning-induced 

pulmonary edema (WIPO) using lung 

ultrasound. 

     In patients who successfully passed the 

SBT, a lung ultrasound score ≤10 at the 

end of the SBT was highly predictive of 

postextubation success with a statistically 

significant difference. On the other hand, 

lung ultrasound score ≥18 at the end of the 

SBT was highly predictive of 

postextubation distress with a statistically 

significant difference. Similarly, Soummer 

et al. (2012) reported that LUS score less 

than 13 was associated with extubation 

success, while LUS score more than 17 

was associated with extubation failure 

(EF) in ventilated adults. 

     On MV, before the SBT, we found 

significant differences in E/A ratio in 

patients with spontaneous breathing trial 

success and in patients with spontaneous 

breathing trial failure with a statistical 

significant. There was in agreement with 

Ait-Oufella et al. (2012) in the study of 

patients undergoing a spontaneous 

breathing trial on a T-tube to assess the 

cardiac consequences of successful 

respiratory weaning using the variations 

of circulating B-type and atrial natriuretic 

peptides (BNP, ANP) and Doppler mitral 

flow. 

CONCLUSION 

     The use of transthoracic ultrasound 

aimed at assessing lung aeration changes 

during SBT, a new, easy-to-perform, and 

noninvasive measurement, may contribute 

to reducing the occurrence rate of 

postextubation distress, a clinical 

condition associated with increased 

morbidity and mortality. Assessment of 

Lung aeration and LV diastolic function 

before attempting a weaning process 
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could be useful in the detection of patients 

likely to fail weaning. 
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الاستخدام التكاملى للموجات فوق الصوتية السريرية على 

الرئة و تخطيط صدى القلب كمتنبئات مساعدة لعملية الفطام 

 الناجحة
، محمود السعيد أحمد ،مد بشير، إسماعيل عبدالمنعم عطيةأحمد محمد عبدالله مح

 ابراهيم فرج الله سعيد

 القاهرة ،جامعة الأزهر، كلية الطب ،قلب والأوعية الدمويةقسم الأمراض الصدرية و قسم ال

E-mail: ahmedbeshir.6@azhar.edu.eg  

يمكننننننك ن  تكننننننو  الموجننننننات فننننننوق الصننننننوتية للرئننننننة السننننننريرية وتخطننننننيط  خلفيةةةةةةة البحةةةةةة  

كشنننن  صنننندى القلننننب م ضننننرا علننننى لننننائقة مننننا يعنننند اقالننننة الا بويننننة الحن ريننننة عننننك  رينننن  ال

عننننك عيننننب ضننننديد فننننى تلويننننة الرئننننة علننننى الفننننوج يبنننن  الفطننننام عننننك  رينننن    بننننات عنننندم ت نينننند 

 .الرئة يشك  كبير ن ناء ت رية التنفس التلقائى

تقينننننيل فعاليننننة الموجنننننات فنننننوق الصننننوتية للرئنننننة وتخطننننيط صننننندى القلنننننب  الهةةةةد  مةةةةة  البحةةةة  

 .الميكا يكيةعبر الصدج فى التنب  يالفطام الناجح للمرلى الذيك يخضعو  للتلوية 

ا لضننننننعوا للتلويننننننة  05نجريننننننا دننننننذى الدجاسننننننة علننننننى  المرضةةةةةةق و بةةةةةةر  البحةةةةةة   مريضننننننا

الميكا يكينننننة يولننننندة الرعاينننننة العامنننننة و ولننننندة العناينننننة المركننننن ة التنفسنننننية لننننن   الفتنننننرة منننننك 

فنننننى مستشنننننفى يننننناع الشنننننعرية ال نننننامعى. ويننننند تنننننل عمننننن   9590 لنننننى ينننننناير  9502نغسنننننطس 

ة التننننننفس الموجنننننات فنننننوق الصنننننوتية للرئنننننة وتخطنننننيط صننننندى القلنننننب يبننننن  وفنننننى  لاينننننة ت ريننننن

، بوينننننة الحن رينننننة لقينننننا  تلوينننننة الرئنننننةسننننناعات يعننننند  ننننن   ا   4دييقنننننة و  05التلقنننننائى لمننننندة 

 .و تل لساع دججة الموجات فوق الصوتية للرئة

نننننا فنننننى ت رينننننة التننننننفس التلقنننننائى   40لقننننن   نتةةةةةابح البحةةةةة   نننننا   الا ( فيمنننننا عنننننا ى ٪25مريضا

المرلننننننى الننننننذيك  ، ومننننننك دنننننن لاء(٪05ة التنننننننفس التلقننننننائى  مرلننننننى مننننننك فشنننننن  ت رينننننن 0

ننننننا   00لقننننننائى كننننننا  دنننننننا    حننننننوا فننننننى ت ريننننننة التنننننننفس الت  و  مننننننك ( يعننننننا٪60.00مريضا

ننننننا   92لننننننائقة مننننننا يعنننننند  نننننن   ا  بننننننوع، يينمننننننا لقنننننن   ننننننا يعنننننند  نننننن   ٪04.44مريضا (   الا

، كا نننننا ن نننننا ا  بنننننوع. وفنننننى المرلنننننى النننننذيك اجتننننناقوا التبننننناج ت رينننننة التننننننفس التلقنننننائى ي

فنننننى  لاينننننة التبننننناج ت رينننننة التننننننفس التلقنننننائى  05≥رئنننننة  تي نننننة الموجنننننات فنننننوق الصنننننوتية لل

mailto:ahmedbeshir.6@azhar.edu.eg


 

 

 INTEGRATED USE OF BEDSIDE LUNG ULTRASOUND AND… 
3121 

مننننننك . (p <0.001) متنبئاننننننا يدججننننننة عاليننننننة ين ننننننا  العمليننننننة منننننن  وجننننننود فننننننرق  لصننننننائى

فننننننى  لايننننننة ت ريننننننة  01≤، كا ننننننا دججننننننة الموجننننننات فننننننوق الصننننننوتية للرئننننننة  اليننننننة نلننننننرى

 التنننننننفس التلقننننننائى تنب يننننننة لل ايننننننة لضننننننائقة مننننننا يعنننننند ا  بننننننوع منننننن  وجننننننود فننننننرق  لصننننننائياا

(p<0.001) .ويننننننند وجننننننند ا فرويانننننننا سات دلالنننننننة  لصنننننننائية فنننننننى  سنننننننبة E/A 1.08±0.2 

فننننننى المرلننننننى  5.0± 0.0ى ت ريننننننة التنننننننفس التلقننننننائى و فننننننى المرلننننننى الننننننذيك   حننننننوا فنننننن

 النننننننذيك يعنننننننا و  منننننننك فشننننننن  ت رينننننننة التننننننننفس التلقنننننننائى مننننننن  ييمنننننننة سات دلالنننننننة  لصنننننننائية

(P<0.001). 

ة وتخطننننننيط صنننننندى القلننننننب عبننننننر ينننننند تتنبننننننق الموجننننننات فننننننوق الصننننننوتية للرئنننننن الاسةةةةةةتنتاج 

 .الصدج ن ناء ت رية التنفس التلقائى لحدوث لائقة ما يعد اقالة ا  بوية الحن رية

الموجننننننات فننننننوق الصننننننوتية للرئننننننة، يصننننننوج القلننننننب ا  بسننننننا ى، التلويننننننة  الكلمةةةةةةال الدالةةةةةةة 

 الميكا يكية، الفطام.


