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ABSTRACT
Background and Objective: Despite its increasing use, in critical care, the diagnosis accuracy of Lung Ultransound 
Sonographye (LUS) is a topic that remains highly debated. The objective of our study was to evaluate the performance 
of LUS compared to chest computer tomography (CT) in the diagnosis of acute respiratory condictions in critical 
patients at Sens hospital from March 1st to September 31st 2023.

Methods: Single-center, cross-sectional study of 54 patients, all adult with acute respiratory symptoms who benefited 
concurrent LUS and chest CT scan. The LUS was performed according to the BLUE-Protocol by the doctors of the 
department, within 8 hours before the chest CT scan was performed. The CT scan was interpreted by the hospital's 
radiologists who were also blinded by the LUS results. The performance of LUS was assessed by calculating sensitivity 
(se), specificity (sp), positive predictive values (PPV) and negative predictive values (NPV) compared to chest CT.

Results: Pneumothorax had a Se=100%, Sp=100, PPV=100%, NPV=100%, Youden=1.00, AUC=1.00; Interstitial 
syndrome had a Se=100%, Sp=98.1%, PPV=50%, NPV=100%, Youden=0.98%, AUC=0.99 with p=0.14. Alveolar 
consolidation had Se=100%, Sp=90.5%, PPV=94.3%, NPV=100%, Youden=0.90%, AUC=0.95%. Pleural 
effusion had Se=100%, Sp=88.9%, PPV=90%, NPV=100%, Youden=0.89%, AUC=0.94%. Pulmonary embolism 
had a Se=66.7%; Sp=97.9%, PPV=80%, NPV=95.9%, Youden=0.65%, AUC=0.82% with p=0.11. As for COPD/
Asthma decompensation, she had a Se=NA (not applicable), Sp=100%, PPV=NA, NPV=100%, Youden=NA and 
AUC=100%.

Conclusion: The performance of LUS in this study are satisfactory for the diagnosis of alveolar consolidation, 
pneumothorax, pleural fluid effusion and interstitial syndrome (only as a function of Youden's index). They are less 
good for the diagnosis of pulmonary embolism. Thus, we propose it as an alternative to CT in patients in critical 
resuscitation.
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Introduction
Many patients are admitted to intensive care units for acute 
respiratory illnesses [1]. These conditions include pneumonia, 
pneumothorax, pleural effusion, pulmonary embolism, chronic 
obstructive pulmonary disease (COPD)/asthma decompensation 
[1]. The prevalence of these acute respiratory diseases is 
approximately 7.1% and an overall intensive care unit (ICU) 
mortality rate is 72% [2]. They require a quick and accurate 
diagnosis for better management. In the past, the diagnosis of these 
conditions was based on physical examination and chest X-ray [3]. 
Several studies have shown that chest X-ray has low sensitivity 
(49%). So, the current reference imaging test to explore the chest 
is CT scan [4]. As for pleuropulmonary ultrasound, its use has been 
on the rise in recent years [1]. However, its diagnostic performance 
is not clearly established. Indeed, most studies, in a recent meta-
analysis evaluating the diagnostic performance of pleuropulmonary 
ultrasound, were hampered by multiple methodological limitations 
[4]. The design was not the same in all these studies. They were 
not carried out under the usual conditions of care. Some excluded 
patients with multiple diagnoses. Pleuropulmonary ultrasound 
operators were not always blinded by the results of the CT scan. 
Often, the quality of the operators was not known. The comparator 
was still not the gold standard. Thus, in current recommendations, 
the place of pleuropulmonary ultrasound in critical care remains to 
be clarified [5].

In any case, this examination, which is inexpensive and easy 
to perform, could be an interesting alternative to CT scans in 
countries with limited resources and if the patient is difficult to 
transport because it is unstable. It is in this context that we felt it 
necessary to conduct this study whose objective was to evaluate 
the diagnostic performance of lung ultrasound compared to chest 
CT in the diagnosis of acute respiratory conditions in critical care 
patients at Sens hospital Cente (France) from 01 March to 31 
September 2023.

Methods
Type and study framework
This is a single-center, double-blind, cross-sectional study. All 
ultrasounds were performed by an anaesthesia-intensive care intern 
after 6 months of prior training under the supervision of a hospital 
practitioner experienced in pleuropulmonary ultrasound. The gold 
standard test was chest CT scan interpreted by a radiologist. The 
person performing the ultrasound was not aware of the results of 
the CT scan and vice versa. Our study took place from March to 
September 2023 in the intensive care unit (12 beds) of the Centre 
Hospitalier de Sens located in the Bourgogne Franche-Comté 
region in France. 

Study population
All adult patients (age ≥18 years), mechanically ventilated or not, 
with respiratory symptoms and who underwent pleuropulmonary 

ultrasound and CT concurrently were included. Patients were 
excluded if the time between lung ultrasound and CT was greater 
than 8 hours. Patient recruitment was done consecutively.

Ultrasound Protocol
The performance of the lung ultrasound was in accordance with 
the "BLUE Protocol". We had used the Mindray device with a 
convex abdominal probe of 1.3 to 5.7 MHz frequency. Patients 
were placed in a semi-sitting or strict supine position. Each 
hemithorax was divided into 3 regions separated from each other 
by the anterior and posterior axillary lines. Each region is subdivided 
into 2 quadrants: Upper and Lower. Three standardized points were 
evaluated: Upper BLUE-Point, Lower BLUE-Point and PLAPS-
Point (Posterolateral Alveopleural Syndrome). The upper and lower 
BLUE-points were used for the assessment of the anterior region of 
the lung and the PLAPS-Point for the posterior region [1].
 
The ultrasound items sought were the Lines, which are repetitive 
horizontal artefacts from the pleural line, generated by the 
subpleural air that blocks ultrasound waves [2]. In the case of 
predominant A-lines, an A-Profile was designated [1]. Lines B, 
vertical artefact must have 7 characteristics (Vertical lines, arising 
from the pleural line, moves with it if present, hyperechoic, well-
defined, obliterating line A and propagating indefinitely) [2]. It 
took at least 3 in a bilateral view and manner to suggest interstitial 
syndrome [2]. A profile B was assigned in the case of at least 
3 B lines either at the top or at bottom of the BLUE point [1]. 
Consolidation resulted in a tissue pattern [2]. 

A profile C was designated in case of hypoechoic subpleural image 
restricted by an irregular border (sign of shredding) and B profile 
cancelled if present. At the PLAPS point, the presence of pleural 
effusion or consolidation was investigated. Pleural effusion was 
diagnosed when there was an anechoic area between the parietal 
and visceral pleura [1]. Anterior lung slippage was checked first. 
His presence was expected to be a pneumothorax. Earlier B-lines 
were sought. Profile B was suggestive of pulmonary oedema. 
Profiles B', A/B and C suggested alveolar consolidation. Profile 
A was an invitation to look for venous thrombosis. If present, 
pulmonary embolism was considered. In case of absence, the 
PLAPS was called upon. Its presence (Profile A and PLAPS) 
suggested alveolar consolidation, its absence (Normal Profile) 
suggested a decompensation of COPD/Asthma [2].

Data collection and outcomes 
The following data were collected prospectively: patient 
demographic characteristics (age, sex, body mass index (BMI)), 
medical history, respiratory symptoms at the time of examination, 
laboratory data requested as part of routine care (Blood gas, 
Biological inflammatory Syndrome, CRP, PCT, D-Dimer, BNP, 
Troponin), diagnoses suggested by pleuropulmonary ultrasound 
and CT scan. We also noted the interval between the ultrasound 
and chest CT scan. 

Evaluation criteria
The outcome measure was the performance of ultrasound 
in detecting interstitial syndrome, alveolar consolidation, 
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pneumothorax, fluid pleural effusion, pulmonary embolism, and 
COPD/asthma decompensation. The performance indicators 
used for the comparison between ultrasound and chest CT were 
sensitivity (Se), specificity (Sp), positive predictive values (PPV) 
and negative predictive values (NPV) as well as area under the 
ROC curve (AUC) and youden index.

Statistical Analyzes
A population of about fifty patients to be included was estimated 
by analogy with the studies previously carried out. The data was 
entered into an Excel file, encoded and transferred to SPSS 26. 0 for 
analysis. The quantitative variables in our patients' characteristics 
are expressed as an average with their standard deviation and the 
qualitative variables as a percentage with their 95% confidence 
interval. Performance indicators are estimated by proportions.  For 
all tests, the p-value was set at <0.05.  

Ethical and Regulatory Aspects
This study has received authorization from the Commission 
Nationale de l'Informatique et des Libertés (CNIL). Informed 
consent was signed by all patients. The principle of confidentiality 
and anonymity was respected in accordance with the Helsinki 
Convention. We have not a conflict of interest in this study.  

Results
In total, our study included 54 patients. Figure 1 shows the flow 
chart of the patients. 
1. Flow-Chart of patients

Figure 1: Present a flow chart of patients.
Legend: PNT: Pneumothorax, APE: Acute Pulmonary Edema, PNM: 
Pneumonia, ATL: Atelectasia, PLP E: Pleural Effusion, EP: Embolism 
Pulmonary, COPD: Chronic Obstructive Pulmonary Disease.

Generals Characteristics of Patients
The general characteristics of our patients are described in Table 1. 
The mean age was 70.4 ± 15.33 years with a sex ratio of 1.8. 61% of 
our patients were obese and one patient (2%) was undernourished. 
High blood pressure (62.96%) was the main comorbidity, 
followed by diabetes mellitus (37.04). Chronic respiratory failure 
(asthma or COPD) and dyslipidemia were present in one in four 
patients. Moreover, 20.37% of patients had a history of cancer and 
hospitalization within 3 months.

Table 1: Generals characteristics of patients.
Variables n=54 %
Age 
Average 70.4
Standard Deviation 15.33
Sex
Masculine 35 64.81%
Female 19 35.19%
BMI
Obesity 33 61.11%
Normal 20 37.04%
Dénutrition 1 1.85%
Comorbidity
High Blood Pressure 34 62.96%
Diabete mellitus 20 37.04%
Chronic respiratory Insufficiency (Asthma/COPD) 14 25.9%
Recent surgery under GA  7 12,9%
Hospitalization/Immobilization/Surgery within 3 months 11 20,3%
Travel time of more than 6 hours 0 0,00%
Antecedent of cancers less than 1 year old (active or in remission) 11 20,3%
Taking estrogen-progestin 0 0,00%
Antecedent of Venous Thromboembolic disease 11 20,3%
Dyslipidemia 13 24.0%
Neurological comorbidity during hospitalization 10 18.5%
Heart failure    1 1.85%
Legend: GA: General Anesthesia, COPD: Chronic Obstructive Pulmonary 
Disease.

Clinical Characteristics of patients
Patients' symptoms and clinical signs are presented in Table 2.
Almost all patients had polypnea. Fever was found in 28% of cases. 
66.67% of patients were hypoxemic. Pulmonary auscultation was 
pathological in 94% of cases.

Table 2: Clinical Characteristics of patients.
Variables n=54 %
Respiratory symptoms and signs 
Cough 24 44.44%
Spittle 14 25.93%
Polypnea 51 94.44%
Bradypnea 0 0.00%
Desaturation 36 66.67%
Signs of struggle 21 38.89%
Pulmonary auscultation
Pathological 51 94.44%
Normal 3 5.56%
Vital signs n=54
a. Blood Pressure
High Blood Pressure 21 38.89%
Normal 28 51.85%
Low Blood Pressure 5 9,26%
b. Heart rate
Tachycardia 24 44.44%
Normal 27 50.00%
Bradycardia 3 5.56%
c. Respiratoiry rate
Polypnea 51 94.44%
Normal 3 5.56%
Bradypnea 0 0.00%
d. SPO2
Hyperoxia 1 1.85%
Normal 17 31.48%
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Hypoxemia 36 66.67%
e. Temperature
Fever 15 27.78%
Subfebrile 8 14.81%
Normal 30 55.56%
Hypothermia 1 1.85%
f. Glycemia
Hyperglycaemia 20 37.04%
Normal 32 59.26%
Hypoglycaemia 2 3.70%

Biological Examinations for Etiological Purposes
Laboratory tests for etiological purposes are shown in Table 3. 
Hypoxemia were present in 38 patients (70.37%). The majority of 
patients had abnormal levels of D-Dimer and BNP.

Table 3: Biological Characteristics of patients.
Variables n=54 %
Biological Inflammatory Syndrom
Present 42 77.78%
Absent 12 22.22%
D-dimer
Abnormal 48 88.89%
Normal 6 11.11%
Blood gas
Respiratory acidosis 6 11.11%
Respiratory alkalosis 16 29.63%
Metabolic acidosis 6 11.11%
Metabolic alkalosis 4 7.41%
Blood gas normal 15 27.78%
Mixed acidosis 7 12.96%
Mixed alkalosis 0 0.00%
Hypoxemia 38 70.37%
Hyperoxia 3 5.56%
Normoxia 13 24.07%
BNP
Abnormal 47 87.04%
Normal 7 12.96%
Legend: BNP: Brain Natriuretic Peptide.

Ultrasound Diagnosis and Characteristics
Table 4 presents ultrasound diagnosis, LUS duration and time 
between LUS and TDM. All ultrasounds were performed in 17.01 
± 6.21 minutes on average. The interval between the completion 
of the pleuropulmonary ultrasound and the chest CT scan was 139 
± 151 minutes (3h59 ± 2h30) on average. Alveolar consolidation 
was present in 66.67% of patients, pleural effusion 55.56%, 
pneumothorax and pulmonary embolism in 9.26%, interstitial 
syndrome in 3.70% of patients

Table 4: Ultrasound diagnosis and others characteristics.
Variables n %
LUS duration
Average                                                                         17.01min                                                                                                 
Standard deviation                                                           6.21min
Time between LUS and TDM
Average                                                                           239 min
Standard deviation                                                           151 min
Ultrasound diagnosis
Alveolar consolidation

36 66.67%

Pleural Effusion 30 55.56%
Pneumothorax 5 9.26%
Pulmonary Embolism 5 9.26%
COPD/Asthma decompensation 0 0.00%
Interstitial syndrome 2 3.70%
Normal Ultrasound 3 5.56%
Legend: COPD: Chronic Obstructive Pulmonary Disease, LUS: Lung Ultrasound, 
TDM: Tomodensitometry

Diagnostic Accuracy of Pleuropulmonary Ultrasound 
Compared to Chest CT Scan According to Etiology
Table 5 presents the diagnostic accuracy of pleuropulmonary 
ultrasound compared to CT scan results by etiology. 

According to the Youden index, ultrasound is highly effective 
in diagnosing pneumothorax, interstitial syndrome, alveolar 
consolidation, and pleural effusion. However, it is less effective 
(<70%) in cases of pulmonary embolism. Considering the ROC 
curve, the area under curve (AUC) of ultrasound performs well in 
cases of pneumothorax (auc: 1; p: <0.0001), alveolar consolidation 
(auc: 0.95; p: <0.0001) and fluid pleural effusion (auc: 0.94; p: 
0.036).

Discussion
The sensitivity and specificity of pleuropulmonary ultrasound to 
detect alveolar consolidation and interstitial syndrome in our study 
is similar to that found in previous studies [4,5]. As for the results 
found in the study by Jasper Smit et al. [1], the sensitivity and 
specificity were lower than ours. This may be justified by the fact 
that they used the linear probe rather than the convex (abdominal 
or micro convex) as suggested in the literature because they allow 
for better visualization of B-lines [6-9]. Also, in our study, the 
ultrasounds were supervised by a very experienced intensive care 
physician. The pneumothorax in the same study [1] had a low 
sensitivity compared to that found in our study. This is because for 

Table 5: Diagnostic accuracy of pleuropulmonary ultrasound compared to chest CT scan according to etiology.
N° Pathologies Se (%) Sp (%) PPV (%) NPV (%) Youden (*) p AUC p
1 Pneumothorax 100.0 100.0 100.0 100.0 1.00 <0.0001 1.00 <0,0001
2 Interstitial Syndrome 100.0 98.1 50.0 100.0 0.98 <0.0001 0.99 0.14
3 Alveolar Consolidation 100.0 90.5 94.3 100.0 0.90 <0.0001 0.95 <0.0001

a. Pneumonia 100.0 78.6 81.3 100.0 0.79 <0.0001 0,89 0.05
b. Atelectasia 50.0 100.0 100.0 92.0 0.5 <0.0001 0.75 0.117

4 Pleural effusion 100.0 88.9 90.0 100.0 0.89 <0.0001  0.94 0.036
5 Pulmonary Embolism 66.7 97.9 80.0 95.9 0.65 <0.0001 0.82 0.119
6 COPD/Asthma decompensation NA 100.0 NA 100.0 NA NA NA NA

(*) Degree of effectiveness of the test with 1=100% --
Legend: COPD: Chronic Obstructive Pulmonary Bronchitis, NA: Non applicable, NPV: Negative Predictive Value, PPV: Positive Predictive Value, 
AUC: Area Under Curve, Se: Sensibility, Sp: Specificity
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the most part, the false negatives in their study consisted of apical 
and retrosternal pneumothorax, which is difficult to detect when 
the BLUE-Protocol is followed rigorously. With regard to fluid 
pleural effusion, our results are similar to those of the studies by 
Winkler et al. [4] and David M. Tierney [7] but slightly different 
from those of Jasper Smit [1].

Indeed, this cross-sectional study allowed us to achieve our 
objective, which was to evaluate the diagnostic performance of 
pleuropulmonary ultrasound compared to chest CT in intensive 
care patients with acute respiratory symptoms. Our results show 
that the performance of LUS appears to be satisfactory for the 
diagnosis of alveolar consolidation, pleural effusion, pneumothorax 
and interstitial syndrome.

Previous studies [1,4,10,11] have not evaluated the performance 
of ultrasound in diagnosing COPD decompensation. We think this 
is probably because pleuropulmonary ultrasound is normal in this 
condition, a situation that could confuse a truly normal ultrasound 
with this clinical situation. In our series, we were unable to diagnose 
any COPD decompensation. On the other hand, we noted three 
normal LUS that we did not consider to be COPD decompensation 
because these patients did not present the profile of COPD (both on 
the history and on the physical examination). Thus, the results on 
this performance were not applicable. The majority of our patients 
had multiple diagnoses at once, mirroring real life. However, it 
was not possible to calculate the sensitivity and overall specificity 
of LUS as was the case with some studies [2,4].

All in all, contrary to what the authors of the meta-analysis 
think (that the LUS could be taken as a first-line test to diagnose 
respiratory pathologies), in view of our imperfect results, we 
rather think that it could be an alternative to the bedside CT scan, 
especially when they are unable to transport (due to the fragility of 
their clinical condition) and for low-income settings where chest 
CT remains a luxury for patients.

Strengths and limitations
Our limitations included the small size of our population and the 
monocentric nature of the study. Inclusion of patients with multiple 
diagnoses, reflecting real life; the blindness of pleuropulmonary 
ultrasound operators and radiologists. The use of the Gold Standard 
as a comparator examination and the evidence of the performance 
of pleuropulmonary ultrasound were the strengths of our study.

Conclusion
The performance of pleuropulmonary ultrasound found in 
this study is satisfactory for detecting alveolar consolidation, 

pneumothorax and fluid pleural effusion and interstitial syndrome 
(only according to Youden's index). They are less good for the 
diagnosis of pulmonary embolism. Thus, we think that it could be 
an alternative to CT scanning, especially in low-income countries 
where it remains a luxury, even when the patient cannot be moved.
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