
Intensive Care Med (2019) 45:1212–1218
https://doi.org/10.1007/s00134-019-05710-1

ORIGINAL

Speckle tracking quantification of lung 
sliding for the diagnosis of pneumothorax:  
a multicentric observational study
Gary Duclos1*  , Xavier Bobbia2, Thibaut Markarian3, Laurent Muller2, Camille Cheyssac1, Sarah Castillon1, 
Noémie Resseguier4, Alain Boussuges5,6, Giovanni Volpicelli7, Marc Leone1 and Laurent Zieleskiewicz1,6*

© 2019 Springer-Verlag GmbH Germany, part of Springer Nature

Abstract 

Purpose:  Lung ultrasound is used for the diagnosis of pneumothorax, based on lung sliding abolition which is a quali-
tative and operator-dependent assessment. Speckle tracking allows the quantification of structure deformation over 
time by analysing acoustic markers. We aimed to test the ability of speckle tracking technology to quantify lung sliding 
in a selected cohort of patients and to observe how the technology may help the process of pneumothorax diagnosis.

Methods:  We performed retrospectively a pleural speckle tracking analysis on ultrasound loops from patients with 
pneumothorax. We compared the values measured by two observers from pneumothorax side with contralateral 
normal lung side. The receiver operating characteristic (ROC) curve was constructed to evaluate the performance of 
maximal pleural strain to detect the lung sliding abolition. Diagnosis performance and time to diagnosis between 
B-Mode and speckle tracking technology were compared from a third blinded observer.

Results:  We analysed 104 ultrasound loops from 52 patients. The area under the ROC curve of the maximal pleural 
strain value to identify lung sliding abolition was 1.00 [95%CI 1.00; 1.00]. Specificity was 100% [95%CI 93%; 100%] and 
sensitivity was 100% [95%CI 93%; 100%] with the best cut-off of 4%. Over 104 ultrasound loops, the blinded observer 
made two errors with B-Mode and none with speckle tracking. The median diagnosis time was 3 [2–5] seconds for 
B-Mode versus 2 [1–2] seconds for speckle tracking (p = 0.001).

Conclusion:  Speckle tracking technology allows lung sliding quantification and detection of lung sliding abolition in 
case of pneumothorax on selected ultrasound loops.

Keywords:  Point-of-care lung ultrasound, Pneumothorax, Speckle tracking, Lung sliding

Introduction

Pneumothorax may become a serious condition with 
a potential evolution to cardiac arrest. Sometimes, its 

immediate diagnosis and treatment is crucial to prevent 
a death [1]. Up to 70% of traumatic pneumothorax is 
missed using a chest X-ray (CXR) [2]. Point-of-care lung 
ultrasound (LUS) is immediately available at the bedside 
for emergency physicians, intensivists, anaesthesiolo-
gists and pneumologists [3–6]. It is widely used for the 
early diagnosis of pneumothorax secondary to trauma 
and invasive procedures and for primary pneumothorax 
in emergency and critical care [3–5, 7, 8]. Several studies 
have shown that LUS is more accurate than CXR for the 
diagnosis of pneumothorax, with higher sensitivity and 
similar high specificity [9]. Consequently, some authors 
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have abandoned the use of CXR in cases of stable trauma 
patients or normal lung ultrasound [10–12].

However, although LUS superiority to CXR in an emer-
gency setting has been well shown, its sensitivity for the 
diagnosis of pneumothorax is still considered variable, as 
it depends on the operator’s skill and the technique used 
[13]. However, specificity and positive values are also 
variable depending on operator’s performance and some 
cases of false positives have been described with condi-
tions mimicking lung sliding abolishment [12, 14–16].

The main LUS sign in the diagnostic process for pneu-
mothorax is respiratory lung sliding [10, 17, 18]. Evi-
dence of lung sliding rules out pneumothorax below the 
probe, whereas its absence makes the diagnosis probable, 
depending on patient condition [18, 19]. However, the 
detection of lung sliding is purely qualitative, and with 
some inter-observer reliability it can be challenging, par-
ticularly when LUS is performed in difficult conditions 
[20]. Therefore, alternative qualitative methods have been 
tested, such as M-mode or lung sliding enhancement 
with colour or power Doppler [6, 21].

Speckle tracking technology allows the detection and 
tracking of anatomic structure deformation over time 
by analysing acoustic markers [22, 23]. This technology 
is used in cardiology for the quantification of myocar-
dial strain. It also can be used for diaphragm thicken-
ing quantification [24–26]. We recently published a case 
report showing that its application on the pleura allowed 
quantification of lung sliding in a case of normal lung 
sliding and pneumothorax [27].

The first aim of our study was to compare the maximal 
longitudinal pleural strain values in patients with normal 
lung sliding with values obtained from abolished lung 
sliding side in a selected cohort of patients with pneumo-
thorax. The second aim was to describe the reliability of 
the measurement between two independent observers: 
one senior physician (GD) and one resident (CC). The 
third aim was to observe how the values associated with 
information provided by speckle tracking may help the 
process of pneumothorax diagnosis. We speculated that 
lung sliding quantification is feasible using speckle track-
ing technology and may improve the diagnosis perfor-
mance of lung sliding abolition compared with a standard 
B-mode ultra-sonographic examination.

Methods
The study was approved by the national ethics committee 
of the Société Française d’Anesthésie Réanimation (num-
ber CERAR-00010254-2019-038). We performed a retro-
spective analysis of LUS and computed tomography (CT) 
scan data collected prospectively in four units (two emer-
gency departments and two intensive care units) of three 
university hospitals, between July 2018 and March 2019. 

According to the French law, patient consent was not 
necessary due to the benign character of the study [28].

Screening, inclusion and exclusion criteria
Informatics register of diagnosis (using national coding 
tool) was consulted for the study period. All patients with 
a diagnosis of pneumothorax were considered eligible 
and screened.

All patients who had a LUS exam for pneumothorax 
recorded and stored in the ultrasound device with a CT 
scan confirming the diagnosis (considered as the gold 
standard) of unilateral pneumothorax were included. 
Patients with bilateral pneumothorax, absence of car-
diac monitoring on ultrasound loops, ultrasound loops 
of less than 3 s or with acquisition performed by another 
observer than the four cited investigators were excluded.

Data collection
Ultrasonographic data were prospectively collected from 
all patients admitted with suspected pneumothorax dur-
ing the study period. We then selected retrospectively all 
the LUS loops performed by specific investigators (GD, 
XB, LM, TM), who are trained senior residents with 
high experience in performing chest ultrasonographic 
evaluation. LUS examination was performed at admis-
sion according to the French guidelines, using a proto-
col already described in a previous study [12, 29]. The 
standard ultrasound protocol includes systematic cardiac 
monitoring and recording of ultrasound loops of at least 
3  s of each ultrasonographic scan. Either the General 
Electric (GE) Vivid IQ or the GE Vivid S60 ultrasound 
systems (GE HealthCare, Chicago, Illinois, USA), with a 
linear probe of 7.5 MHz, were used for the evaluation of 
lung sliding. For each patient, two ultrasonographic win-
dows were examined by the observer, corresponding to 
the anterior-inferior chest (4th/5th intercostal space on 
the medio-clavicular line) on both sides with patients in 
the supine position. Linear probe was placed in a longitu-
dinal position to provide the “bat sign” and ensure good 
quality of ultrasound examination. LUS examination was 
systematically performed before the CT scan. The CT 
scan was performed at admission for all trauma patients 
or to confirm pneumothorax in other cases.

Study variables included age, sex, weight and height, 
the pneumothorax side, presence of a chest tube, 

Take home message 

To date, lung sliding detection is purely qualitative. Speckle tracking 
is the first technology allowing a quantification of lung sliding; it 
may open new perspectives in the detection of pneumothorax, 
alveolar stress or pleural diseases.
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respiratory frequency and presence of spontaneous 
breathing or mechanical ventilation at the time of the 
ultrasound exam. In the patients with mechanical venti-
lation, the tidal volume was annotated.

Data analysis protocol
A full detailed protocol of data analysis is provided in 
supplemental protocol 1, supplemental data 1 and sup-
plemental Fig. 1.

Statistical analysis
The receiver operating characteristic (ROC) curve was 
constructed to evaluate the discriminant performance 
of maximal longitudinal pleural strain to detect the lung 
sliding abolition. The best cut-off was defined using 
Youden’s method, and accuracy measures (sensitivity, 
specificity, predictive values and likelihood ratios) were 
estimated with 95% confidence intervals (CIs) according 
to this cut-off [30].

Intra- and inter-observer agreements were evaluated by 
comparing measurements performed by senior physician 
(GD) and resident (CC), using the intra-class correlation 
coefficient. This analysis was performed on both normal 
lung sliding and abolished lung sliding measurements. 
Our junior investigator (4-year resident) received a train-
ing to apply speckle tracking analysis on five normal lung 
slidings and five pneumothorax ultrasound loops. The 
training adhered to the method presented in supplemen-
tal data.

Finally, diagnostic performance of the third independ-
ent observer to detect the presence or the absence of 
lung sliding was observed, was compared between the 
B-Mode and the speckle tracking technology using the 
Wilcoxon test for paired samples. Data were analysed 
by R software version 3.5.3 (R Core Team (2013); R: a 
language and environment for statistical computing, R 
Foundation for Statistical Computing, Vienna, Aus-
tria, URL http://www.R-proje​ct.org/). All tests were two 
sided. A p value < 0.05 was considered significant.

Results
During the study period, 661 patients were admitted for 
severe trauma or suspected spontaneous pneumothorax. 
Fifty-two patients were included in the study (Table  1). 
The flowchart is presented in Fig.  1. Ten patients were 
receiving mechanically controlled ventilation with seda-
tion. One hundred four ultrasound loops were analysed 
(52 from pneumothorax side and 52 from normal lung 
sliding side). The mean value of the maximal longitudi-
nal pleural strain was 1% (± 1) when applied to the abol-
ished lung sliding side versus 46% (± 32) when applied to 
the lung sliding side (p < 0.001). The results are shown in 
Fig. 2. We found no differences between the 10 patients 

receiving invasive mechanical ventilation and the 42 
patients not receiving mechanical ventilation in the mean 
values of the maximal longitudinal pleural strain for abol-
ished lung sliding side 1% (± 1) vs. 1% (± 1); p = 0.9 and 
lung sliding side 44% (± 29) vs 47% (± 33); p = 0.8.

The area under the ROC curve of the maximal longitu-
dinal pleural strain value to identify pneumothorax was 
1.00 [95% CI 1.00; 1.00]. To detect a pneumothorax loop, 
the specificity was 100% [95% CI 93%; 100%] and the sen-
sitivity was 100% [95% CI 93%; 100%] when considering 
the best cut-off of the maximal longitudinal pleural strain 
of 4% (Fig. 3). The positive predictive value, negative pre-
dictive value, positive likelihood radio and negative likeli-
hood ratio were 100% [95% CI 93%; 100%], 100% [95% CI 
93%; 100%], infinite and 0, respectively.

The analysis of the maximal longitudinal pleural strain 
in loops with normal sliding showed an intra-class cor-
relation coefficient of 0.88 [95% CI 0.82; 0.94] (intra-
observer) and 0.18 [95% CI 0.12; 0.26] (inter-observer). 
The analysis in the pneumothorax loops showed an 
intra-class correlation coefficient of 0.74 [95% CI 0.61; 
0.82] (intra-observer) and 0.52 [95% CI 0.29; 0.70] (inter-
observer). Individual intra-observer analysis is provided 
in Supplemental Table 1 showing no differences between 
senior physician (GD) and junior physician (CC).

After analysis of 52 loops with normal lung sliding and 
52 with pneumothorax in B-Mode and speckle tracking 
(208 loops), the blinded observer found 102 correct diag-
noses over 104 loops in B-Mode (sensitivity and specific-
ity were 95% [95%CI 88%; 99%] and 100% [95%CI 92%; 
100%], respectively) and no error with speckle tracking 
(sensitivity and specificity were 100% [95%CI 92%; 100%] 
and 100% [95%CI 92%; 100%], respectively).

Discussion
To our knowledge, this is the first study showing that it 
is possible to quantify lung sliding. A quantitative meas-
urement of longitudinal pleural strain discriminated 
normal lung sliding and its abolition in patients with 
pneumothorax with excellent performance. This result 
is promising for future studies. Furthermore, when used 
in association with speckle tracking curves and real-time 
tracking, the longitudinal pleural strain value was faster 
to be evaluated and had a better diagnostic performance 
than classic B-Mode.

Lung sliding is the cornerstone of LUS examina-
tion [19]. It reflects the contact between the parietal 
and visceral pleura and ventilation of the lung at that 
probe position [1]. Indeed, lung sliding or any paren-
chymal sign such as B-lines confirms the transmission 
of ultrasounds through the visceral layer of the pleura 
and, therefore, rules out the presence of pneumotho-
rax [10, 17]. However, the abolition of lung sliding is 

http://www.R-project.org/
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not enough to confirm pneumothorax and lacks speci-
ficity, as it may be due to the absence of ventilation, 
commonly found in cases of selective ventilation or 
atelectasis. Differential diagnosis is enhanced not only 
by the combination with the other LUS signs (pulse, 
B-lines and lung point), but also by consideration of the 
clinical context [1, 17, 31, 32]. In some situations, the 
diagnosis workup for pneumothorax remains challeng-
ing [10]. In a meta-analysis of 17 studies, Staub et  al. 
found that absences of lung sliding and B-lines were the 
most reported ultrasound signs of pneumothorax, with 
a sensitivity of 81% (95% CI 71; 88) and a specificity of 
98% (95% CI 97; 99) [10]. The relatively low sensitivity 

was due to the fact that evaluation of sliding is qualita-
tive and dependent on the operator’s skill and expertise 
[13]. Furthermore, false-negative cases with artefacts 
mimicking lung sliding in case of pneumothorax have 
been recently described making this diagnosis chal-
lenging despite its relative apparent ease [14–16].

Some studies have tested alternative methods to 
improve sensitivity by adding colour and power Doppler 
to the B-mode or using artificial intelligence to examine 
lung sliding [21, 33]. However, beyond their good per-
formance, these tools still remain qualitative and did not 
show a superiority in clinical practice as compared to 
standard B-mode LUS [21].

n = 661
Severe trauma pa�ents and spontaneous 

pneumothorax admi�ed to hospital

• Marseille North University Hospital ICU n = 211
• Nimes University Hospital ICU and ED n = 180
• Marseille Timone University Hospital ED n = 270

ELIGIBLE n = 139
Pa�ents with trauma�c or spontaneous 

unilateral pneumothorax on CT-scan

• Marseille North University Hospital ICU n = 36
• Nimes University Hospital ICU and ED n = 30
• Marseille Timone University Hospital ED n = 73

EXCLUDED n = 87

• No cardiac monitoring during US loops n= 32
• US loops less than three seconds n = 4
• No-expert observers n = 51

INCLUDED n = 52
Severe trauma pa�ents or spontaneous 

unilateral pneumothorax on chest CT-scan

• Spontaneous unilateral pneumothorax n =10
• Trauma�c unilateral pneumothorax n = 42

Fig. 1  Flowchart. ICU intensive care unit, ED emergency department, US ultrasound
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LUS enhanced by speckle tracking allows the applica-
tion of a quantitative cut-off to diagnose lung sliding 
abolition. In our study, the maximal longitudinal pleural 
strain value was constantly lower than 4% in abolished 
lung sliding. This allows dichotomization of LUS exami-
nation for lung sliding. Furthermore, LUS speckle track-
ing combines real-time visual tracking of the lung sliding 
and a graphic visualization of the strain values of each 
segment (supplemental data 2 and 3). This multimodal 
analysis can provide profiles of lung sliding (presence, 
absence and lung point), which have previously been 

described in a clinical case and shown in Fig. 4 (supple-
mental data 2 and 3) [27]. We also speculate that lung 
sliding quantification may become of great interest in the 
diagnosis of other lung diseases or in evaluation of inva-
sive ventilation strategies during acute respiratory dis-
tress syndrome [34].

Our study has several limitations. First, the analysis 
was performed retrospectively on selected ultrasono-
graphic loops. We used speckle tracking analysis in 
patients with a confirmed diagnosis of pneumothorax. 
Thus, we cannot conclude on the proper diagnostic per-
formance of the technic. We did not assess patients with 
selective intubation, which is also associated with lung 
sliding abolition. Although the differential diagnosis 
can be made by detecting lung pulse in standard pleural 
ultrasound, future studies are needed to determine the 
ability of the multimodal speckle tracking analysis to dif-
ferentiate cases of absence of sliding with or without lung 
pulse [32]. Our cohort was representative of the patients 
with pneumothorax (young and thin men) but valida-
tion studies are required before extrapolating this pleu-
ral assessment to a large cohort of patients, such as obese 
or comorbid patients. Moreover, the good quality of 
ultrasound loops was insured by high-trained operators. 
Hence, our findings may differ if the technic is handled 
by less experienced clinicians.

Second, with the available technology, the speckle 
tracking analysis cannot be performed in real time when 
the software does not recognize the shape of a ventricle 
or when a linear probe is used. This technology cannot 

Table 1  Demographic and  clinical characteristics of  the 
study population

Values are n (%) or median [25th; 75th percentile]. Results have been rounded

SAPS II Simplified Acute Physiology Score, IBW ideal body weight

Patients (n = 52)

Male sex 44 (85)

Age (years) 43 [27; 53]

Weight (kgs) 70 [62; 79]

Size (cms) 175 [170; 180]

Reason for admission

 Trauma 42 (81)

 Spontaneous pneumothorax suspicion 10 (19)

SAPS II 30 [21; 50]

Pneumothorax features

 Right 25 (48)

 Left 27 (52)

 Complete 20 (39)

 Anterior and/or antero-lateral 30 (58)

Lung contusion in other side 11 (27)

Mechanical ventilation patients 10 (19)

Tidal volume (ml) 450 [450; 490]

Tidal volume (ml/kgs of IBW) 5.9 [5.6; 6.2]

Respiratory rate per minute 24 [20; 26]

Fig. 2  Swarm bee figure showing longitudinal pleural strain values 
for normal lung sliding side and for pneumothorax side

Best cut-off: 4%
Sensi�vity: 100%
Specificity: 100%
Posi�ve predic�ve value: 100%
Nega�ve predic�ve value: 100% 

Specificity
ytivitisne

S

1.0 0.8 0.6 0.4 0.2 0.0

0.
0

0.
2

0.
4

0.
6

0.
8

1.
0

Fig. 3  ROC curve of maximal longitudinal pleural strain value to 
identify lung sliding abolition ultrasonographic loops
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be currently used in daily clinical practice but it opens 
new field regarding pleural assessment. We speculate 
this analysis could be implemented quickly in ultrasound 
devices for the LUS examination after industrial unblock-
ing of integrated speckle tracking software. Indeed, this 
technology has already been diverted from its original 
use to the diaphragmatic shortening quantification, with 
positive results [25].

Third, the inter-observer correlation was low in cases 
of normal lung sliding although intra-observer correla-
tion was good whoever the observer (senior or junior 
physicians). It seems that the speckle tracking analysis 
could be performed by any observer after an appropriate 
formation. The discrepancy in inter-observer correlation 
is probably the consequence of a manual selection of the 
respiratory cycle, which is still observer dependent. This 
limitation could be resolved using automatic calculation 
in real time during LUS examination. Indeed, automated 
measurement technologies are already used in echocardi-
ography with promising results [35, 36]. Moreover, tech-
nology allowing automatic detection of the pleural line 
has already been described [33].

Conclusion
Speckle tracking technology allows lung sliding quanti-
fication and a perfect detection of lung sliding abolition 
in a selected and retrospective cohort study of patients 
with pneumothorax. Lung sliding quantification may 
open new perspectives in the detection of pneumotho-
rax, alveolar stress or pleural diseases. Our findings need 
to be confirmed with prospective studies in unselected 
patients.

Electronic supplementary material
The online version of this article (https​://doi.org/10.1007/s0013​4-019-05710​-1) 
contains supplementary material, which is available to authorized users.

Author details
1 Department of Anesthesiology and Intensive Care Medicine, Aix-Marseille 
University, Assistance Publique Hôpitaux de Marseille, Hôpital Nord, Marseille, 
France. 2 Department of Anesthesiology, Emergency and Critical Care Medi-
cine, Intensive Care Unit, Nîmes University Hospital, 30029 Nîmes, France. 
3 Department of Emergency Medicine and Intensive Care, Aix-Marseille 
University, Assistance Publique Hôpitaux de Marseille, Timone University 
Hospital, Marseille, France. 4 Support Unit for Clinical Research and Economic 
Evaluation, Assistance Publique-Hôpitaux de Marseille, Marseille, France. 5 Ser-
vice des Explorations fonctionnelles respiratoires, CHU Nord, Pôle thoracique 
et cardio-vasculaire, Assistance publique des Hôpitaux de Marseille, Marseille, 
France. 6 Center for Cardiovascular and Nutrition Research (C2VN), Aix Marseille 

Fig. 4  Typical profiles of normal lung sliding and lung sliding abolition using speckle tracking analysis. a Maximal longitudinal pleural strain value 
of each segment of the region of interest for normal lung sliding. b The curves are representing strain over time of each segment for normal lung 
sliding. White squares correspond to maximal longitudinal strain values. The strain values vary during time due to pleural sliding induced by spon-
taneous breathing. c Maximal longitudinal pleural strain value of each segment of the region of interest in case of lung sliding abolition. The strain 
values remain low overtime. d Curves traducing strain over time of each segment in case of lung sliding abolition. White squares correspond to 
maximal longitudinal strain values. Curves remain linear despite spontaneous breathing and thoracic movements traducing low strain values

https://doi.org/10.1007/s00134-019-05710-1


1218

Université, INSERM, INRA, Marseille, France. 7 Department of Emergency Medi-
cine, San Luigi Gonzaga University Hospital, Turin, Italy. 

Acknowledgements
Authors warmly thank WINFOCUS-France group for its contribution to this 
work.

Compliance with ethical standard

Conflicts of interest
XB and LZ declare a competing interest as an ultrasound teacher for GE (GE 
MEDICAL SYSTEMS ULTRASOUND) customers. ML declares a competing inter-
est with Amomed, Aguettant, MSD, 3 M, Pfizer, Aspen, Orion.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in pub-
lished maps and institutional affiliations.

Received: 3 June 2019   Accepted: 19 July 2019
Published online: 29 July 2019

References
	1.	 Lichtenstein DA (2015) BLUE-protocol and FALLS-protocol: two applica-

tions of lung ultrasound in the critically ill. Chest 147:1659–1670
	2.	 Charbit J, Millet I, Maury C et al (2015) Prevalence of large and occult 

pneumothoraces in patients with severe blunt trauma upon hospital 
admission: experience of 526 cases in a French level 1 trauma center. Am 
J Emerg Med 33:796–801

	3.	 Kirkpatrick AW, Sirois M, Laupland KB et al (2004) Hand-held thoracic 
sonography for detecting post-traumatic pneumothoraces: the extended 
focused assessment with sonography for trauma (EFAST). J Trauma 
57:288–295

	4.	 Volpicelli G, Elbarbary M, Blaivas M et al (2012) International evidence-
based recommendations for point-of-care lung ultrasound. Intensive 
Care Med 38:577–591

	5.	 Moore CL, Copel JA (2011) Point-of-care ultrasonography. N Engl J Med 
364:749–757

	6.	 Lichtenstein D (2014) Lung ultrasound in the critically ill. Curr Opin Crit 
Care 20:315–322

	7.	 Lichtenstein D, Goldstein I, Mourgeon E et al (2004) Comparative 
diagnostic performances of auscultation, chest radiography, and lung 
ultrasonography in acute respiratory distress syndrome. Anesthesiology 
100:9–15

	8.	 Targhetta R, Bourgeois JM, Chavagneux R, Balmes P (1992) Diagnosis of 
pneumothorax by ultrasound immediately after ultrasonically guided 
aspiration biopsy. Chest 101:855–856

	9.	 Alrajhi K, Woo MY, Vaillancourt C (2012) Test characteristics of ultrasonog-
raphy for the detection of pneumothorax: a systematic review and meta-
analysis. Chest 141:703–708

	10.	 Staub LJ, Biscaro RRM, Kaszubowski E, Maurici R (2018) Chest ultrasonog-
raphy for the emergency diagnosis of traumatic pneumothorax and 
haemothorax: a systematic review and meta-analysis. Injury 49:457–466

	11.	 Hamada SR, Delhaye N, Kerever S et al (2016) Integrating eFAST in the 
initial management of stable trauma patients: the end of plain film 
radiography. Ann Intensive Care 6:62

	12.	 Zieleskiewicz L, Fresco R, Duclos G et al (2018) Integrating extended 
focused assessment with sonography for trauma (eFAST) in the initial 
assessment of severe trauma: impact on the management of 756 
patients. Injury 49:1774–1780

	13.	 Ding W, Shen Y, Yang J et al (2011) Diagnosis of pneumothorax by radiog-
raphy and ultrasonography: a meta-analysis. Chest 140:859–866

	14.	 Cavaliere F, Zamparelli R, Soave MP et al (2014) Ultrasound artifacts mim-
icking pleural sliding after pneumonectomy. J Clin Anesth 26:131–135

	15.	 Ianniello S, Di Giacomo V, Sessa B, Miele V (2014) First-line sonographic 
diagnosis of pneumothorax in major trauma: accuracy of e-FAST and 
comparison with multidetector computed tomography. Radiol Med 
(Torino) 119(674–680):16

	16.	 Sperandeo M, Maggi M, Catalano D, Trovato G (2014) No sliding, no pneu-
mothorax: thoracic ultrasound is not an all-purpose tool. J Clin Anesth 
26:425–426

	17.	 Lichtenstein D, Mezière G, Biderman P, Gepner A (1999) The comet-tail 
artifact: an ultrasound sign ruling out pneumothorax. Intensive Care Med 
25:383–388

	18.	 Lichtenstein DA, Menu Y (1995) A bedside ultrasound sign ruling out 
pneumothorax in the critically ill. Lung sliding Chest 108:1345–1348

	19.	 Lichtenstein DA, Mezière GA (2008) Relevance of lung ultrasound in 
the diagnosis of acute respiratory failure: the BLUE protocol. Chest 
134:117–125

	20.	 Press GM, Miller SK, Hassan IA et al (2014) Prospective evaluation of pre-
hospital trauma ultrasound during aeromedical transport. J Emerg Med 
47:638–645

	21.	 Richards JR, Awrey JM, Medeiros SE, McGahan JP (2017) Color and power 
doppler sonography for pneumothorax detection. J Ultrasound Med 
36:2143–2147

	22.	 Mondillo S, Galderisi M, Mele D et al (2011) Speckle-tracking echo-
cardiography: a new technique for assessing myocardial function. J 
Ultrasound Med 30:71–83

	23.	 Perk G, Tunick PA, Kronzon I (2007) Non-Doppler two-dimensional strain 
imaging by echocardiography–from technical considerations to clinical 
applications. J Am Soc Echocardiogr 20:234–243

	24.	 Collier P, Phelan D, Klein A (2017) A test in context: myocardial strain 
measured by speckle-tracking echocardiography. J Am Coll Cardiol 
69:1043–1056

	25.	 Oppersma E, Hatam N, Doorduin J et al (2017) Functional assessment of 
the diaphragm by speckle tracking ultrasound during inspiratory loading. 
J Appl Physiol Bethesda Md 123:1063–1070

	26.	 Orde SR, Boon AJ, Firth DG et al (2016) Diaphragm assessment by two 
dimensional speckle tracking imaging in normal subjects. BMC Anesthe-
siol 16:43

	27.	 Duclos G, Muller L, Leone M, Zieleskiewicz L (2019) A picture’s worth a 
thousand words: speckle tracking for quantification and assessment of 
lung sliding. Intensive Care Med 45:101–102

	28.	 Toulouse E, Masseguin C, Lafont B et al (2018) French legal approach to 
clinical research. Anaesth Crit Care Pain Med 37:607–614

	29.	 Gauss T, Balandraud P, Frandon J et al (2019) Strategic proposal for a 
national trauma system in France. Anaesth Crit Care Pain Med 38:121–130

	30.	 Youden WJ (1950) Index for rating diagnostic tests. Cancer 3:32–35
	31.	 Lichtenstein D, Mezière G, Biderman P, Gepner A (2000) The “lung point”: 

an ultrasound sign specific to pneumothorax. Intensive Care Med 
26:1434–1440

	32.	 Lichtenstein DA, Lascols N, Prin S, Mezière G (2003) The “lung pulse”: 
an early ultrasound sign of complete atelectasis. Intensive Care Med 
29:2187–2192

	33.	 Summers SM, Chin EJ, Long BJ et al (2016) Computerized diagnostic 
assistant for the automatic detection of pneumothorax on ultrasound: a 
pilot study. West J Emerg Med 17:209–215

	34.	 Dori G, Jakobson DJ (2016) Speckle tracking technology for quantifying 
lung sliding. Med Hypotheses 91:81–83

	35.	 Bobbia X, Muller L, Claret PG et al (2018) A new echocardiographic tool 
for cardiac output evaluation: an experimental study. Shock. https​://doi.
org/10.1097/SHK.00000​00000​00127​3

	36.	 Hovnanians N, Win T, Makkiya M et al (2017) Validity of automated meas-
urement of left ventricular ejection fraction and volume using the Philips 
EPIQ system. Echocardiogr Mt Kisco N 34:1575–1583

https://doi.org/10.1097/SHK.0000000000001273
https://doi.org/10.1097/SHK.0000000000001273

	Speckle tracking quantification of lung sliding for the diagnosis of pneumothorax: a multicentric observational study
	Abstract 
	Purpose: 
	Methods: 
	Results: 
	Conclusion: 

	Introduction
	Methods
	Screening, inclusion and exclusion criteria
	Data collection
	Data analysis protocol
	Statistical analysis

	Results
	Discussion
	Conclusion
	Acknowledgements
	References




