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ABSTRACT
Background The potential influence of thoracic 
ultrasound on clinical decision- making by 
physiotherapists has never been studied. The aim of this 
study was to assess the impact of thoracic ultrasound on 
clinical decision- making by physiotherapists for critical 
care patients.
Methods This prospective, observational multicentre 
study was conducted between May 2017 and November 
2020 in four intensive care units in France and 
Australia. All hypoxemic patients consecutively admitted 
were enrolled. The primary outcome was the net 
reclassification improvement (NRI), quantifying how well 
the new model (physiotherapist’s clinical decision- making 
including thoracic ultrasound) reclassifies subjects as 
compared with an old model (clinical assessment). 
Secondary outcomes were the factors associated with 
diagnostic concordance and physiotherapy treatment 
modification.
Results A total of 151 patients were included in the 
analysis. The NRI for the modification of physiotherapist’s 
clinical decisions was—40% (95% CI (−56 to −22%), 
p=0.02). Among the cases in which treatment was 
changed after ultrasound, 41% of changes were 
major (n=38). Using a multivariate analysis, the 
physiotherapist’s confidence in their clinical diagnosis 
was associated with diagnostic concordance (adjusted 
OR=3.28 95% CI (1.30 to 8.71); p=0.014). Clinical 
diagnosis involving non- parenchymal conditions and 
clinical signs reflecting abolished lung ventilation 
were associated with diagnostic discordance (adjusted 
OR=0.06 95% CI (0.01 to 0.26), p<0.001; adjusted 
OR=0.26 95% CI (0.09 to 0.69), p=0.008; respectively).
Conclusion Thoracic ultrasound has a high impact on 
the clinical decision- making process by physiotherapists 
for critical care patients.
Trial registration number NCT02881814; https:// 
clinicaltrials.gov.

INTRODUCTION
Physiotherapists working in intensive care unit 
(ICU) may be involved in the management of 
hypoxemic patients, whether intubated, sedated 
or awake and self- ventilating. An individualised 
assessment focused approach to a patient’s impair-
ments is recommended for the management of 

airway secretion retention, alveolar derecruitment 
and ventilation/perfusion mismatching.1 The phys-
iotherapist may use a combination of treatments 
including techniques such as patient repositioning, 
early mobilisation, chest wall manual techniques, 
lung hyperinflation and airway suctioning.1–4

The selection of appropriate interventions relies 
on a physiotherapist’s individualised assessment to 
determine a patient’s pulmonary dysfunction.3 5 
This challenging task involves the physiotherapist 
performing a comprehensive clinical examination, 
combined with a review of the radiological and 
physiological findings. Inaccurate diagnoses may 
result in inappropriate chest physiotherapy treat-
ments.6 7

Physiotherapist’s need reliable and accurate tools 
for the diagnosis and monitoring associated with 
clinical decision- making.8 Thoracic ultrasound 
(TUS) is a non- invasive, readily available tool for 
the physiotherapist at the patient’s bedside.9 TUS 
has greater accuracy in the diagnosis of pneumonia, 

Key messages

What is already known on this topic
 ► Physiotherapist’s need reliable and accurate 
tools for the diagnosis and monitoring 
associated with clinical decision- making. 
Thoracic ultrasound has greater accuracy in 
pathologies commonly encountered by the 
physiotherapist.

What this study adds
 ► Thoracic ultrasound strongly influences the 
clinical decision- making by physiotherapists 
in respiratory management of critical care 
patients.

How this study might affect research, 
practice or policy

 ► This study suggests the added value of thoracic 
ultrasound in the clinical decision- making 
process of the physiotherapist, which may 
induce major changes in the physiotherapists 
treatment plan in respiratory management of 
critical care patients.

  1Le Neindre A, et al. Thorax 2022;0:1–7. doi:10.1136/thoraxjnl-2021-218217
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Critical care

pulmonary oedema, pleural effusion, atelectasis or diaphragm 
dysfunction, which are common conditions encountered by the 
physiotherapist.10–14 However, the way in which TUS could 
guide or modify the choice of treatment selection by physiother-
apists has never been studied.

The aim of this study was to assess the impact of TUS on clin-
ical decision- making of physiotherapist in their management of 
hypoxemic ICU patients.

METHODS
Participants, design and setting
This prospective, observational multicentre study was conducted 
between 2 May 2017 and 18 November 2020 at 4 ICUs: surgical 
ICU of the University Hospital of Dijon (Dijon, France), general 
ICU of the Paris St. Joseph Hospital (Paris, France), respira-
tory ICU of the Forcilles’ Hospital (Férolles- Attilly, France) and 
general medical and surgical ICU of St. Vincent’s Hospital (SVH) 
(Sydney, Australia). The study was registered at  clinicaltrials. 
gov. All patients or their next- of- kin provided signed consent 
to participate in Australia. In France, the Comité de Protec-
tion des Personnes Ile- de- France II waived the need for written 
informed consent. In accordance with French law, information 
was provided verbally to all subjects or a legal surrogate who 
expressed their consent to participate.

All patients consecutively admitted to the ICUs, whether 
ventilated or not, were screened and enrolled in the study if 
they satisfied the following criteria: (1) presence of hypoxemia, 
defined by SpO2/FiO2<315,15 (2) presence of a chest X- ray less 
than 12 hours prior to physiotherapy, (3) undergoing their first 
physiotherapy session, (4) availability of a study physiothera-
pist qualified in TUS, (5) availability of an experienced clinical 
physiotherapist. Patients were excluded if they met any of the 
following criteria: (1) contraindication for physiotherapy treat-
ment, (2) TUS was not possible (ie, the presence of subcutaneous 
emphysema or dressings), (3) expected discharge <24 hour or 
(4) impending death of the patient.

TUS examination
Physiotherapists who had greater than 5 years of experience in 
both TUS and in critical care performed these examinations. 
They were blinded to the clinical diagnosis made by the clinical 
physiotherapists.

Ultrasound examination was performed using a Philips 
CX50, Sonosite Edge or a Sonoscape Expert 2; with a 2–5 MHz 
convex probe and a 6–13 MHz linear probe. Twelve areas were 
defined for lung examination, by dividing each hemithorax in 
anterior, lateral and posterior regions and each of which were 
further divided into an upper and lower quadrant as previously 
reported.16 17

The presence of ultrasound patterns that were of interest to the 
physiotherapist were evaluated, these included (figure 1)9 17 18: 
presence/absence of diaphragm dysfunction, and the pulmo-
nary conditions of pulmonary oedema, pneumonia, atelectasis, 
pleural effusion and pneumothorax. Additional features such 
bilateral posterobasal consolidations or interstitial syndrome 
with slight to moderate pleural effusion are frequently observed 
in bedridden critical care patients19 and so, the presence of these 
patterns was also evaluated.

Diaphragm excursion with the anterior subcostal approach 
and thickening of the diaphragm at the zone of apposition were 
recorded in M- mode using a 2–5 MHz convex probe and a 6–13 
MHz linear probe, respectively.20 21 Diaphragm dysfunction was 
defined as an excursion <1.2 cm or a diaphragm thickening 

fraction <20%. Diaphragm dysfunction was identified as unilat-
eral or bilateral.

All ultrasound findings were recorded in a standardised report 
form (online supplemental figure E1).

Protocol
Clinical physiotherapists who participated in this study had 
greater than 5 years of experience working in ICU and met the 
minimum requirement in knowledge and skills as specified by 
the French physiotherapy critical care society and SVH critical 
care physiotherapy policy.

The detailed study flow and timing are provided in figure 2. 
In a first step, the clinical physiotherapist performed a physical 
examination, including analysis of chest X- ray and chest CT scan 
if available. They were then asked to formulate a prespecified clin-
ical diagnosis. Ten hypotheses were prespecified: retained airway 
secretions, bronchospasm, pneumonia, obstructive atelectasis, 
pleural effusion, pulmonary oedema, pneumothorax, reduced 
aeration at the most dependent parts of the lungs, diaphragm 
dysfunction or normal/no conclusion. Then, the physiotherapist 
determined the most appropriate physiotherapy interventions. 
The diagnosis of the clinical physiotherapist and their associated 
level of confidence in their diagnosis were recorded, along with 
the planned physiotherapy treatment.

In a second step, the TUS report was reviewed by the clin-
ical physiotherapist. Then, their initial assessment was supple-
mented with the TUS report to determine a final planned and 
delivered intervention. If the physiotherapy treatment differed 

Figure 1 Lung and diaphragm ultrasound semiology. A, A lines; 
B, B lines; C, lung consolidation; Br, air bronchogram; D, diaphragm; 
De, diaphragm excursion; Dt, diaphragm thickness; L, Liver; E, pleural 
effusion; S, spleen; P, pleura; Pl, pleural layer; Pe, peritoneum layer. 
(A) Normal pattern in M and B modes. (B) Interstitial syndrome. (C) 
Pneumonia pattern. (D) Passive atelectasis associated to pleural 
effusion. (E) Diaphragm thickness at the zone of apposition. (F) 
Diaphragm excursion with an anterior subcostal view.

2 Le Neindre A, et al. Thorax 2022;0:1–7. doi:10.1136/thoraxjnl-2021-218217
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Critical care

from the first that was planned, the reason for change was also 
documented.

The following patient data were recorded: demographics, 
comorbidities, reason for ICU admission, admission Simplified 
Acute Physiology Score II, medications used and the type of 
respiratory support on inclusion, duration of mechanical venti-
lation, weaning failure, ICU length of stay and mortality.

Outcome variables
The agreement between the diagnosis of clinical physiotherapist 
and the TUS diagnosis and the modification of the physiotherapy 
treatment before and after review of the TUS were studied. The 
primary outcome is the Net Reclassification Improvement (NRI), 
which is an index that quantifies how well the new model (the 
clinical decisions of the physiotherapist with the inclusion of TUS 
results) reclassifies subjects—either appropriately or inappropri-
ately—as compared with an old model (clinical assessment).22

Secondary outcomes were the factors associated with the 
concordance between the physiotherapist clinical and the TUS 
diagnoses, and the modification of the physiotherapy treatment, 
including reason for ICU admission, comorbidities, clinical 
parameters, presence of a chest CT scan, level of confidence in 
clinical diagnosis, clinical and ultrasound diagnosis and presence 
of mechanical ventilation.

Physiotherapy treatment changes were classified as major if 
they had the potential to directly influence patient outcome.

Statistical analysis
Continuous variables are expressed as the median (IQR) and 
were compared using the Mann- Whitney U or Kruskal- Wallis 
test. For categorical variables, groups were compared using χ2 
test.

In the calculation of the NRI, an event or non- event was 
defined as the agreement or disagreement between ultra-
sound and clinical diagnosis of the physiotherapist, respec-
tively.23 NRI (expressed as %) was calculated as follows: NRI 

(%)=(Pupevents–Pdownevents)–(Pupnonevents–Pdownnonevents), where Pup events 
is the number of event cases in which chest physiotherapy 
treatment was modified/number of event cases. Pdown events is the 
number of event cases in which chest physiotherapy treatment 
was not modified/number of events cases. Pup nonevent is the number 
of non- event cases in which chest physiotherapy treatment was 
modified/number of non- event cases. Pdown nonevent is the number 
of non- event cases, in which chest physiotherapy treatment was 
not modified/number of non- event cases. The null hypothesis for 
NRI=0 was tested using Z statistic following McNemar asymp-
totic test for correlated proportions.

A multivariate logistic regression model was used to assess the 
relationship between diagnostic concordance, treatment modi-
fications after TUS and factors potentially associated in univar-
iate analyses. All relevant variables with p value ≤0.25 were 
included in the model. Variable selection was stepwise, based 
on Akaike Information Criterion. To check multicollinearity 
between independent variables, the variance inflation factor 
was calculated before performing multivariate logistic regres-
sion. Multicollinearity was regarded as present when the vari-
ance inflation factor was >5. For the diagnostic concordance 
multivariate logistic regression, variables were adjusted for 
comorbidities (chronic heart and respiratory diseases), reasons 
for ICU admission, SpO2/FiO2 ratio, drugs use (steroid and 
antibiotic), physiological measures (respiratory and heart rates, 
temperature) and diagnosis (clinical and ultrasound diagnosis, 
level of confidence of the physiotherapist in their diagnosis). For 
the treatment change multivariate logistic regression, variables 
were adjusted for comorbidities (chronic respiratory diseases), 
mechanical ventilation, drugs use (hypnotic and opioid), phys-
iological measures (heart rate, mean blood pressure and BMI), 
level of consciousness and diagnosis (clinical diagnosis, diag-
nostic concordance, level of confidence of the physiotherapist 
in their diagnosis).

Agreement between clinical and ultrasound diagnosis was 
assessed by Kappa coefficient.

For all tests, a p value ≤0.05 was considered statistically 
significant. All statistical analyses were conducted using R soft-
ware (V.3.6.1, www.R-project.org).

No previous study reported the value of the NRI in decision- 
making modification in physiotherapy. Hence, the sample size 
calculation was based on the clinical experience of the authors. A 
proportion of 30% of chest physiotherapy treatment modifica-
tion with a minimum of 50 cases (non- events) was hypothesised. 
So, a sample size of 150 patients was planned.

Detailed methods, supplemental tables and figures are found 
in online supplemental data of the online article.

RESULTS
Study population
During the study period, 2351 patients were screened, and 153 
were included. Two patients were excluded from final analysis 
for missing data. Flowchart of the study is given in figure 3. 
Demographic and complete clinical characteristics of enrolled 
patients are shown in table 1. The most frequent reasons for 
ICU admission were acute respiratory failure (n=46, 30%), 
COPD exacerbation (n=17, 11%) and following thoracic 
surgery (n=15, 10%). The most frequent clinical diagnoses by 
the physiotherapist were pneumonia (n=57, 38%), pulmonary 
oedema (n=20, 13%) and pleural effusion (n=18, 12%). The 
most frequent ultrasound diagnoses were pneumonia (n=72, 
48%), pulmonary oedema (n=30, 20%) and atelectasis (n=18, 
12%). Possible intervention of the intensivist was provided in 

Figure 2 Detailed study flow and timing.
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Critical care

the study protocol, but they were not directly involved in the 
undertaking and interpretation of the TUS, and in the choice of 
physiotherapy.

Impact on clinical decision-making
Physiotherapy treatment was changed in 62% of cases (n=93) 
after physiotherapists were presented with TUS findings, with 
significantly more changes when clinical and ultrasound diagnoses 

were discordant rather than concordant (69% vs 49%, p=0.02, 
respectively).

The NRI was—40% (95% CI (−56% to −22%), p=0.02), indi-
cating that TUS had a high impact on the physiotherapist’s decision- 
making process. The NRI per centres were – 36% (−65% to −7%), 
−93% (−149% to −37%), −64% (−93 to −35%) and 21% (−19 
to 61%), for the Paris St. Joseph’s Hospital, the University Hospital 
of Dijon, the Forcilles’ Hospital and the SVH, respectively.

Figure 3 Study flow chart. Arrows indicate change in chest physiotherapy treatment frequencies after thoracic ultrasound. CPAP, continuous 
positive airway pressure; CPT, chest physiotherapy; ICU, intensive care unit; NIV, non- invasive ventilation; PEEP, positive end- expiratory pressure.
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Clinical and TUS diagnoses were discordant in 64% of cases 
(n=96). Agreement between clinical and TUS diagnosis was poor 
(kappa=0.17; p<0.0001). Pneumonia was the most concordant 
diagnosis (n=37, 67%).

Potential impact of physiotherapy treatment changes
Changes in physiotherapy treatment were major in 38 cases (41%) 
(table 2). These major physiotherapy treatment changes included 
whether physiotherapy was indicated or not (n=11, 29%), when 

a referral to the physician was required when physiotherapy was 
planned (n=9, 24%) and changes in the choice of side for patient 
repositioning (n=8, 21%). In 11% of cases (n=4), the physio-
therapy treatment modification after TUS was changed from airway 
clearance to alveolar recruitment techniques.

In the 27 cases in which clinical and TUS diagnosis were concor-
dant, but treatment was changed after TUS, reasons for changes 
were mainly due to the presence of a bilateral conditions (n=6) or 
another hemithorax was implicated (n=5). In three cases, changes 
were due to secondary conditions associated with the main diag-
nosis, which was of interest for the physiotherapist; consolidation 
on the side opposite to the pleural effusion (n=1), loculated pleural 
effusion (n=1) and associated diaphragm dysfunction (n=1).

Factors associated with clinical decision-making
In multivariate analysis, the presence of a chronic heart disease and 
admission after surgery were independently associated with discor-
dance between clinical and TUS diagnoses (adjusted OR=0.25 95% 
CI (0.07 to 0.74), p=0.017; adjusted OR=0.12 95% CI (0.02 to 
0.60), p=0.019; respectively) (figure 4). Lower BMI was associated 
with no change in physiotherapy treatment (adjusted OR=0.94 
95% CI (0.90 to 0.99); p=0.02).

Clinical diagnosis involving non- parenchymal conditions (ie, 
airway retained secretions; bronchospasm or normal) and clinical 

Figure 4 Forest plot of multivariate analysis of factors potentially 
associated with diagnosis concordance. CHD, chronic heart disease; 
Certainty, Is the physiotherapist certain in his diagnosis?; Reason for 
admission, respiratory, surgical or medical (other medical reason). 
Clinical diagnosis is aggregated as alveolar (alveolar pathologies: 
pneumonia or oedema) or no parenchymal (no parenchymal lesions: 
airway retained secretions, bronchospasm, normal) or no ventilation (no 
lung ventilation: atelectasis, effusion, pneumothorax, reduced aeration 
at the most dependent parts, diaphragm dysfunction).

Table 1 Patients’ characteristics and outcomes
Characteristics n=151

Age, median (IQR), years 69 (57–76)

Female, n (%) 58 (38)

BMI, median (IQR), kgm2 25.8 (21.4–31.2)

SAPS II, median (IQR) 39 (29–59)

Alcohol 41 (27)

Smoking 38 (25)

Comorbidities, n (%)

  Liver cirrhosis 6 (4)

  Diabetes 38 (25)

  Chronic respiratory disease 56 (37)

  Chronic heart disease 33 (22)

Reason for admission, n (%)

  Acute heart failure 14 (9)

  ARDS 5 (3)

  Acute respiratory failure 46 (30)

  Coma 5 (3)

  COPD exacerbation 17 (11)

  Pneumonia 14 (9)

  Sepsis 13 (9)

  Thoracic surgery 15 (10)

  Other surgery 8 (5)

  Other 14 (9)

Clinical parameters, median (IQR)

  Heart rate 90 (79–109)

  Respiratory rate 22 (16–25)

  Mean blood pressure 80 (71–91)

  Spo2/FiO2 202 (160–240)

  RASS −1 (- 4–0)

  Glasgow 10 (3–15)

Drugs, n (%)

  Hypnotic 65 (43)

  Opioid 69 (46)

  Steroid 28 (19)

  Antihypertensive 15 (10)

  Antibiotic 90 (60)

Respiratory support, n (%)

  Oxygen therapy 147 (97)

  Mechanical ventilation 94 (62)

  Duration of MV 7.3 (3.6–14)

  ECMO 3 (2)

Length of ICU stay, median (IQR), days 10 (5–16)

ICU mortality, n (%) 29 (19)

ECMO, extracorporeal membrane oxygenation; MV, mechanical ventilation; RASS, Richmond Agitation- 
Sedation Scale; SAPS, Simplified Acute Physiology Score II.

Table 2 Reasons for major change of chest physiotherapy treatment
Treatment change considered as major n=38 (41)

Alveolar recruitment vs ACT, n (%) 4 (4)

No CPT vs CPT, n (%) 2 (2)

Change of laterocubitus side, n (%) 8 (9)

Refer to MD vs CPT, n (%) 9 (10)

Alveolar recruitment vs inhaled therapy, n (%) 1 (1)

CPT vs no CPT, n (%) 11 (12)

IMT added to initial treatment, n (%) 3 (3)

Finally implemented versus initially planned chest physiotherapy treatment.
ACT, airway clearance techniques; CPT, chest physiotherapy; IMT, inspiratory muscles training; MD, 
medical doctor.
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signs reflecting absence of local lung ventilation (ie, pneumothorax; 
atelectasis; effusion; diaphragm dysfunction or reduced aeration at 
the most dependent parts) were associated with greater diagnostic 
discordance (adjusted OR=0.06 95% CI (0.01 to 0.26), p<0.001; 
adjusted OR=0.26 95% CI (0.09 to 0.69), p=0.008; respectively) 
(figure 4).

The physiotherapist’s confidence in their clinical diagnosis was 
associated with diagnostic concordance (adjusted OR=3.28 95% 
CI (1.30 to 8.71); p=0.014) (figure 4).

Concordance between clinical and TUS diagnoses was associ-
ated with no change in physiotherapy intervention plans (adjusted 
OR=0.42 95% CI (0.20 to 0.87); p=0.02).

DISCUSSION
In this study, the influence of TUS on the clinical decision- making 
process of physiotherapist’s in the respiratory management of 
hypoxemic ICU patients was assessed. The NRI was −40%, high-
lighting the significant influence of TUS on clinical- decision making. 
Agreement between the physiotherapist’s clinical diagnosis and TUS 
diagnosis was very poor. Moreover, physiotherapy treatments were 
frequently changed after TUS, of which 41% had the potential to 
impact the patient’s outcome.

The high value of the NRI was explained by the low agreement 
between clinical and TUS diagnoses and the high frequency of 
treatment change after TUS, which was significantly more frequent 
when diagnoses were discordant. Indeed, physical assessment, lung 
auscultation and chest X- rays lack the accuracy in diagnosing pulmo-
nary conditions in critical care. The same high NRI was reported for 
medical clinical- decision making process in critical care.19

TUS benefits from greater diagnostic accuracy in acute respiratory 
disorders24 25 and it was hypothesised that TUS is able to provide a 
more accurate diagnosis, compared with the clinical diagnosis of the 
physiotherapist using conventional assessment tools. Pneumonia was 
the most concordant diagnosis, probably due its high prevalence in 
these ICUs (most reported clinical and ultrasound diagnoses) and the 
presence of physiological findings increasing the clinical suspicion of 
this diagnosis.

Physiotherapy treatment was more frequently modified in cases 
of clinical and ultrasound diagnosis discordance. This may under-
line a physiotherapist’s higher confidence in the TUS findings rather 
than usual clinical diagnosis. The choice of physiotherapy treat-
ment differs depending on the pulmonary conditions needing to be 
addressed.1 Therefore, the high proportion of treatment modifica-
tion in this situation is not surprising. Physiotherapy treatment modi-
fications were observed in almost half of the cases in which clinical 
and ultrasound diagnoses were concordant. This finding suggests 
that additional information provided by TUS may still have further 
impact on the selection of physiotherapy techniques. The main 
reasons for change were the presence of supplemental pathologies 
associated with the main diagnosis. The presence of conditions that 
were not previously highlighted by the clinical examination directly 
impacted on the choices of physiotherapy treatment. Examples in 
previous publications include the selection of patient repositioning26; 
pleural effusion which leads the physiotherapist to provide tech-
niques aiming to decrease the patient work of breathing or to refer 
to the intensivist if the pleural effusion is newly diagnosed.26 27

Among the changes to the physiotherapy treatments, 41% were 
prespecified as major by the investigators. This included the deci-
sion to treat with physiotherapy or not, to choose one side over 
another for side lying of the patients or to use alveolar recruitment 
rather than airway clearance techniques, which may have the greatest 
potential to influence the patient clinical outcomes. Such changes 
in physiotherapy treatment choices need to be further prospectively 

investigated to assess the potential impact on patient outcomes such 
as lung rerecruitment and time on mechanical ventilation. In this 
way, TUS could be a valuable diagnostic tool for the physiotherapist 
in the critical care setting to optimise decision- making.

The level of confidence of the physiotherapist in their clinical diag-
nosis was independently associated with diagnostic concordance, 
reflecting that their clinical skill levels are important. However, 
the clinical skill levels of the physiotherapists were not evaluated. 
Previous work has demonstrated that dedicated physiotherapists 
using evidence- based care and protocols lead to better patient 
outcomes presumably due to greater physiotherapist confidence and 
skills with assessment and interventions.28 The presence of chronic 
heart disease and admission after surgery were independently 
associated with diagnostic discordance. These factors may have 
misled physiotherapist’s in the interpretation of physical findings. 
Pneumonia and pulmonary oedema were the main TUS diagnoses 
in patients with chronic heart disease while the physiotherapist 
frequently also diagnosed airway secretion retention and reduced 
aeration at the most dependent parts of the lung. Pneumonia and 
atelectasis were the main TUS diagnoses in patients admitted in ICU 
after surgery, while the physiotherapist most frequently diagnosed 
pleural effusion and reduced aeration at the most dependent parts 
of the lung. Surprisingly, the presence of a chest CT scan less than 
12 hours prior to chest physiotherapy assessment was not associ-
ated with diagnostic concordance. Higher diagnostic concordance 
based on previous publications was expected.29 However, with only 
21 patients who underwent a CT scan less than 12 hours prior to 
the chest physiotherapy assessment, this was not expected to have 
adequate power to impact on diagnostic concordance. Moreover, 
clinical diagnosis involving non- parenchymal conditions and clinical 
signs reflecting absence of local lung ventilation were associated with 
greater diagnostic discordance. This highlights the low accuracy of 
the usual clinical tools used by the physiotherapist to diagnose these 
conditions.30 31

This study has some limitations that should be acknowledged. 
First, the study design does not allow us to assess the benefit of phys-
iotherapist’s TUS- guided decision- making on a patient’s outcome. 
This study compared diagnoses determined by clinicians with TUS 
diagnosis to determine potential causes of hypoxemia. Second, ICU 
patients may often have secondary pulmonary pathologies, hence 
the discordance between clinical and TUS diagnoses might be due 
to different prioritisation by the physiotherapist and the physiother-
apist–ultrasonographer. As the ultrasonographer was also a phys-
iotherapist, it was presumed they would have the same prioritising 
process. Third, as the study was conducted only on hypoxemic 
patients, the value of TUS in daily practice of ICU physiotherapist 
remains to be determined. Finally, direct impact on clinical outcome 
of TUS- guided physiotherapy clinical decision- making has not been 
studied. Nevertheless, it was found that changes in physiotherapy 
treatment were considered as major and could potentially influence 
patient outcome in 41% of cases.

CONCLUSION
This is the first trial to demonstrate that TUS has a high impact on 
the clinical decision- making process by physiotherapists in respira-
tory management of hypoxemic ICU patients. A high proportion of 
initially planned physiotherapy treatment was changed after TUS. 
The level of confidence of the physiotherapist in their diagnosis and 
the type of pulmonary conditions were associated with the diag-
nostic concordance.
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Supplemental Methods 

Data Collection 

All data were recorded using a secure web-based software platform (Research Electronic Data 

Capture, REDCap®) completed by local investigators. There was no on-site monitoring, but 

centers could be queried for clarification after centralized checking of data for completeness 

and consistency. The following data were collected on inclusion: 

- Demographic: age, sex, BMI, smoking, alcohol consumption, history of cirrhosis, 

diabetes or a chronic respiratory disease, heart failure; 

- Reason for hospitalization; 

- Medical diagnosis explaining the hypoxemia and planned medical treatment (or 

cause of hypoxemia); 

- Drugs administration (hypnotics, opioids, anti-hypertensive and antibiotics); 

- Respiratory support; 

- Severity score: admission SAPS II; 

- Vital signs: respiratory rate, heart rate, mean arterial blood pressure, SpO2, FiO2 (true 

or estimated), body temperature, RASS and Glasgow coma score; 

 

At the completion of the examination by the clinical physiotherapist, the main clinical 

diagnosis, the planned chest physiotherapy treatment modalities were recorded. 

At the completion of the ultrasound examination by the second physiotherapist (blinded to the 

clinical assessment findings), the ultrasound findings were recorded in the lung and diaphragm 

ultrasound report. The ultrasound diagnosis was recorded. 

Following review of ultrasound results by the clinical physiotherapist, any change in the 

chest physiotherapy treatment modalities were recorded. The chest physiotherapy treatment 

carried out, and adverse events were recorded. 

 

At the death or the ICU discharge of the patient, the following data were recorded : 

- ICU length of stay (days); 

- Intubation (yes/no); 
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- Duration of mechanical ventilation (if any) (days); 

- Number of extubation failures (if any) (yes/no); 

- Vital status (alive/deceased); 

- Duration of medical treatment present at the day of inclusion: antibiotics, 

hypnotics, opiates, steroids and anti-hypertensives (days). 

 

Clinical Diagnosis by the Physiotherapist 

The physiotherapist also consulted the patient’s medical record to identify reasons for 

admission to the ICU and the working medical diagnosis if the critical care physician has made 

one. The clinical physiotherapist carried out a clinical examination and analysed the 

complementary tests (chest X-ray, chest CT-scan, biological sample and blood gases if 

available). The physiotherapists’ clinical examination included: 

- Patient observation: 

o Neurological status (ex.: Glasgow score, RASS); 

o Thoracic cage observation: asymmetry of chest wall movement, 

hyperinflation etc. 

o Respiratory breathing pattern: respiratory rate, dyspnoea, tachypnoea, 

bradypnoea, Hoover sign, Campbell sign, respiratory pattern (thoracic 

expansion, abdominal expansion, paradoxical chest or abdominal 

movement); 

o Physiologic data: oxygenotherapy, SpO2, heart rate, blood pressure, body 

temperature; 

- Cough: sputum production or clearance, capacity (present, absent or weak, peak 

expiratory flow measure); 

- Mechanical ventilatory parameters if applicable: ventilatory mode, FiO2, pressures, 

volumes; 

- Chest wall palpation: vocal fremitus, tactile chest wall fremitus, subcutaneous 

emphysema; 
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- Chest wall percussion: dullness or tympanism; 

- Lung Auscultation: 

o Normal breath sound: vesicular sound, bronchial sound; 

o Abnormal sound: crackles, rhonchi, wheeze etc. 

Then, the physiotherapist interpreted the additional tests: 

- Chest X-rays: opacities, consolidation, volume loss, bronchogram, pneumothorax, 

pulmonary oedema; 

- Chest CT-scan (if available): opacities, emphysema pneumothorax, pulmonary 

oedema; 

- Arterial blood gas: hypoxemia (PaO2<75-80 mmHg), hypercapnia (PCO2> 45 mmHg), 

acidosis (pH <7,30), alkalosis (pH >7,44). 

- Biological sample: white cell count, C-reactive protein, procalcitonin, lactate etc. 

- Microbiology. 

 

After the analysis of the clinical examination findings, the clinical physiotherapist then 

determined one main diagnosis which might explain the hypoxemia. The clinical 

physiotherapist was asked to propose one main diagnosis concerning the respiratory 

dysfunction (and not the medical diagnosis) as whether chest physiotherapy was indicated or 

not. The clinical physiotherapist formulated one main diagnosis among ten pre-specified 

hypotheses: 

- Clinical examination is compatible with retained airway secretions; 

- Clinical examination is compatible with bronchospasm; 

- Clinical examination is compatible with pneumonia; 

- Clinical examination is compatible with obstructive atelectasis; 

- Clinical examination is compatible with pleural effusion; 

- Clinical examination is compatible with pulmonary edema; 
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- Clinical examination is compatible with pneumothorax; 

- Clinical examination is compatible with reduced aeration at the most dependent parts 

of the lungs; 

- Clinical examination is compatible with diaphragm dysfunction; 

- Clinical examination is normal or inconclusive. 
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Choice of Chest Physiotherapy Treatment 

If chest physiotherapy was indicated, the clinical physiotherapist specified the protocol to be 

used. The choice of the treatment modalities with regard to the type of respiratory dysfunction 

was homogenised across the centres. A guide to assist treatment selection was provided to 

each clinical physiotherapists’ (Table S1). The final choice of chest physiotherapy treatment 

was left to the discretion of the clinical physiotherapist. 
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Table E1: Guide for the Choice of Chest Physiotherapy Modalities 

Clinical hypothesis Chest physiotherapy treatment 

Retained airway secretions Airway clearance techniques 

(Rib cage compressions, manual assisted cough, 

manual lung hyperinflation, ventilator hyperinflation, 

MIE, ETS/NTS, patient positioning) 

Bronchospasm Bronchodilators inhalation 

Pneumonia pattern  Unilateral Bilateral 

Non 

intubated 

Laterocubitus (diseased 

lung uppermost) + 

NIV/CPAP 

Seated position 

+ NIV/CPAP 

Intubated Laterocubitus (diseased 

lung uppermost) + 

PEEP 

Seated position, 

prone position + 

PEEP 

Obstructive atelectasis pattern  Lobar Entire lung 

Non 

intubated 

Laterocubitus (diseased lung uppermost) + 

NIV 

Intubated Laterocubitus (diseased 

lung uppermost) + 

hyperinflation/PEEP 

Refer to medical 

staff 

Pleural effusion/Passive 

atelectasis 

 Unilateral Bilateral 

First, refer to medical staff 

Non 

intubated 

Laterocubitus (diseased 

lung uppermost) + 

NIV/CPAP 

Seated position 

+ NIV/CPAP 

Intubated Laterocubitus(diseased 

lung uppermost)+ PEEP 

Seated position 

+ PEEP 

Acute pulmonary oedema  Refer to medical staff 

Non 

intubated 

Seated position + NIV 

Intubated Seated position 

Pneumothorax Refer to medical staff 

Reduced aeration at 

dependent parts of the lungs 

Seated or upright position, mobilization out of bed 

Diaphragm dysfunction Seated position, recovery monitoring, IMT 

Clinical examination is 

inconclusive 

Refer to medical staff 

Abbreviations: MIE: Mechanical insuflation-exsuflation; ETS/NTS: Endotracheal/Nasotracheal suction; 

NIV: noninvasive ventilation; CPAP: Continous positive airway pressure; PEEP: Positive end expiratory 

pressure; IMT: Inspiratory muscle training. 

 

A lung and diaphragm ultrasound assessment was undertaken by a second 

physiotherapist following the evaluation of the clinical physiotherapist, who reviewed the lung 

and diaphragm ultrasound report. The clinical physiotherapist was trained to interpret lung and 
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diaphragm ultrasound report. Based on new information provided by the ultrasound report, 

According these new information, the physiotherapist was given the opportunity to modify their 

originally planned chest physiotherapy treatment. 

 

Lung and Diaphragm Ultrasound Protocol 

Ultrasound examination was performed using a Philips CX50 (Philips Healthcare, Bothell, WA, 

USA), Sonosite Edge (Sonosite, Bothell, WA, USA), or a Sonoscape Expert 2 (Sonoscape 

Medical Corp., Shenzen, China) with a 2-5 MHz convex probe and a 6–13 MHz linear probe. 

Twelve areas were defined for lung examination, by dividing each hemithorax in anterior, 

lateral and posterior regions, and each of which further divided in an upper and lower quadrants 

[1, 2]. 

 

All these areas were identified considering the thorax’s normal anatomical landmarks: 

from sternum to anterior axillary line (anterior areas), from anterior to posterior axillary line 

(lateral areas) and from posterior axillary line to spine (posterior areas). 

 

The ultrasonographer systematically scanned the 12 thoracic areas with a 2-5 MHz 

convex probe by a longitudinal view, targeting to detect specific ultrasound patterns which 

were of interest for the physiotherapist [2–4]: normal as the presence of bat sign, A-lines and 

lung sliding; interstitial syndrome as the presence of multiple B-lines (focal or diffuse, 

homogeneous or heterogeneous distribution, and moderate or severe status were addressed); 

lung consolidation as the presence of tissue-like sign (pneumonia or atelectasis pattern were 

addressed); pleural effusion as the presence of an anechoic space between the parietal and 

visceral pleura; pneumothorax was defined as the absence of lung sliding, B-lines and lung 

pulse with the presence of lung point. Another ultrasound pattern frequently observed in 

bedridden ICU patients was the loss of aeration in the most dependent part of the lung [5]: 

bilateral postero-basal consolidations or interstitial syndrome with slight to moderate pleural 

effusion. 

BMJ Publishing Group Limited (BMJ) disclaims all liability and responsibility arising from any reliance
Supplemental material placed on this supplemental material which has been supplied by the author(s) Thorax

 doi: 10.1136/thoraxjnl-2021-218217–7.:10 2022;Thorax, et al. Le Neindre A



 

10 
 

 

Level of lung aeration was assessed for each quadrant using four ultrasound aeration 

patterns as previously described [6]: (1) normal aeration: presence of lung sliding with A lines 

or fewer than two isolated B-lines; (2) moderate loss of lung aeration: multiple well-defined B 

lines; (3) severe loss of lung aeration: multiple coalescent B-lines; and (4) lung consolidation: 

presence of a tissue-like pattern. 

 

Diaphragm excursion with the anterior subcostal approach and thickening of the 

diaphragm at the zone of apposition were recorded in M-mode using a 2-5 MHz convex probe 

and a 6-13 MHz linear probe respectively, as previously described [7, 8]. In accordance with 

the literature, diaphragm dysfunction was defined as excursion lower than 1 cm [9] or 

thickening lower than 30% [10] of at least one hemidiaphragm. Both right and left diaphragm 

were assessed. 

 

Lung and diaphragm were examined with the patient in near-to-supine position (30°); 

whenever possible, posterior areas were scanned by turning the patient in the semi-lateral 

decubitus. All ultrasound findings were recorded in a standardized report form (Fig. S1). 

 

Lung and diaphragm ultrasound was performed by the physiotherapist, who was blinded to the 

clinical examination by the clinical physiotherapist, the patient’s status including the Chest X-

rays and CT-scan findings and all of other clinical information. The operator did not take part 

in the management of the included patients. The ultrasound training of the physiotherapist was 

based on the ultrasound training recommendations from the Royal College of Radiologists 

[11]: 

- Two days academic theoretical and practical training; 

- One year supervised lung ultrasound practice: more than 200 supervised thoracic 

ultrasound examination performed; 

- Two years autonomous thoracic ultrasound practice.  
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Other Supplemental Table and Figures 

 

Table E2: Characteristics of Diagnostic Concordance and Treatment Change 

 
Total Diagnostic concordance Treatment change   

n = 151 no (n = 
96) 

yes (n = 
55) 

p value no = 
(58) 

yes (n = 
93) 

p value 

Level of certainty, n (%) 
   

0.036* 
  

0.039* 

Strongly certain 26 (17) 14 (15) 12 (22) 
 

15 (26) 11 (12) 
 

Certain 66 (44) 35 (37) 31 (56) 
 

27 (46) 39 (42) 
 

Neither certain nor 
uncertain 

34 (23) 26 (27) 8 (15) 
 

11 (19) 23 (25) 
 

Uncertain 14 (9) 11 (11) 3 (5) 
 

5 (9) 9 (10) 
 

Strongly uncertain 5 (3) 5 (5) 
   

5 (5) 
 

Non reported 6 (4) 5 (5) 1 (2)  0 (0) 6 (6)  

Diagnostic concordance, n 
(%) 

55 (36) 
   

28 (48) 27 (29) 0.017* 

Treatment change, n (%) 93 (62) 66 (69) 27 (49) 0.017* 
   

Comparisons between diagnostic concordance and treatment change were performed using Chi-square 

tests. * p  0.05. 

  

BMJ Publishing Group Limited (BMJ) disclaims all liability and responsibility arising from any reliance
Supplemental material placed on this supplemental material which has been supplied by the author(s) Thorax

 doi: 10.1136/thoraxjnl-2021-218217–7.:10 2022;Thorax, et al. Le Neindre A



 

12 
 

 

Figure E1. Lung and Diaphragm Ultrasound Report 
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Supplemental Methods 

Data Collection 

All data were recorded using a secure web-based software platform (Research Electronic Data 

Capture, REDCap®) completed by local investigators. There was no on-site monitoring, but 

centers could be queried for clarification after centralized checking of data for completeness 

and consistency. The following data were collected on inclusion: 

- Demographic: age, sex, BMI, smoking, alcohol consumption, history of cirrhosis, 

diabetes or a chronic respiratory disease, heart failure; 

- Reason for hospitalization; 

- Medical diagnosis explaining the hypoxemia and planned medical treatment (or 

cause of hypoxemia); 

- Drugs administration (hypnotics, opioids, anti-hypertensive and antibiotics); 

- Respiratory support; 

- Severity score: admission SAPS II; 

- Vital signs: respiratory rate, heart rate, mean arterial blood pressure, SpO2, FiO2 (true 

or estimated), body temperature, RASS and Glasgow coma score; 

 

At the completion of the examination by the clinical physiotherapist, the main clinical 

diagnosis, the planned chest physiotherapy treatment modalities were recorded. 

At the completion of the ultrasound examination by the second physiotherapist (blinded to the 

clinical assessment findings), the ultrasound findings were recorded in the lung and diaphragm 

ultrasound report. The ultrasound diagnosis was recorded. 

Following review of ultrasound results by the clinical physiotherapist, any change in the 

chest physiotherapy treatment modalities were recorded. The chest physiotherapy treatment 

carried out, and adverse events were recorded. 

 

At the death or the ICU discharge of the patient, the following data were recorded : 

- ICU length of stay (days); 

- Intubation (yes/no); 
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- Duration of mechanical ventilation (if any) (days); 

- Number of extubation failures (if any) (yes/no); 

- Vital status (alive/deceased); 

- Duration of medical treatment present at the day of inclusion: antibiotics, 

hypnotics, opiates, steroids and anti-hypertensives (days). 

 

Clinical Diagnosis by the Physiotherapist 

The physiotherapist also consulted the patient’s medical record to identify reasons for 

admission to the ICU and the working medical diagnosis if the critical care physician has made 

one. The clinical physiotherapist carried out a clinical examination and analysed the 

complementary tests (chest X-ray, chest CT-scan, biological sample and blood gases if 

available). The physiotherapists’ clinical examination included: 

- Patient observation: 

o Neurological status (ex.: Glasgow score, RASS); 

o Thoracic cage observation: asymmetry of chest wall movement, 

hyperinflation etc. 

o Respiratory breathing pattern: respiratory rate, dyspnoea, tachypnoea, 

bradypnoea, Hoover sign, Campbell sign, respiratory pattern (thoracic 

expansion, abdominal expansion, paradoxical chest or abdominal 

movement); 

o Physiologic data: oxygenotherapy, SpO2, heart rate, blood pressure, body 

temperature; 

- Cough: sputum production or clearance, capacity (present, absent or weak, peak 

expiratory flow measure); 

- Mechanical ventilatory parameters if applicable: ventilatory mode, FiO2, pressures, 

volumes; 

- Chest wall palpation: vocal fremitus, tactile chest wall fremitus, subcutaneous 

emphysema; 
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- Chest wall percussion: dullness or tympanism; 

- Lung Auscultation: 

o Normal breath sound: vesicular sound, bronchial sound; 

o Abnormal sound: crackles, rhonchi, wheeze etc. 

Then, the physiotherapist interpreted the additional tests: 

- Chest X-rays: opacities, consolidation, volume loss, bronchogram, pneumothorax, 

pulmonary oedema; 

- Chest CT-scan (if available): opacities, emphysema pneumothorax, pulmonary 

oedema; 

- Arterial blood gas: hypoxemia (PaO2<75-80 mmHg), hypercapnia (PCO2> 45 mmHg), 

acidosis (pH <7,30), alkalosis (pH >7,44). 

- Biological sample: white cell count, C-reactive protein, procalcitonin, lactate etc. 

- Microbiology. 

 

After the analysis of the clinical examination findings, the clinical physiotherapist then 

determined one main diagnosis which might explain the hypoxemia. The clinical 

physiotherapist was asked to propose one main diagnosis concerning the respiratory 

dysfunction (and not the medical diagnosis) as whether chest physiotherapy was indicated or 

not. The clinical physiotherapist formulated one main diagnosis among ten pre-specified 

hypotheses: 

- Clinical examination is compatible with retained airway secretions; 

- Clinical examination is compatible with bronchospasm; 

- Clinical examination is compatible with pneumonia; 

- Clinical examination is compatible with obstructive atelectasis; 

- Clinical examination is compatible with pleural effusion; 

- Clinical examination is compatible with pulmonary edema; 
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- Clinical examination is compatible with pneumothorax; 

- Clinical examination is compatible with reduced aeration at the most dependent parts 

of the lungs; 

- Clinical examination is compatible with diaphragm dysfunction; 

- Clinical examination is normal or inconclusive. 
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Choice of Chest Physiotherapy Treatment 

If chest physiotherapy was indicated, the clinical physiotherapist specified the protocol to be 

used. The choice of the treatment modalities with regard to the type of respiratory dysfunction 

was homogenised across the centres. A guide to assist treatment selection was provided to 

each clinical physiotherapists’ (Table S1). The final choice of chest physiotherapy treatment 

was left to the discretion of the clinical physiotherapist. 
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Table E1: Guide for the Choice of Chest Physiotherapy Modalities 

Clinical hypothesis Chest physiotherapy treatment 

Retained airway secretions Airway clearance techniques 

(Rib cage compressions, manual assisted cough, 

manual lung hyperinflation, ventilator hyperinflation, 

MIE, ETS/NTS, patient positioning) 

Bronchospasm Bronchodilators inhalation 

Pneumonia pattern  Unilateral Bilateral 

Non 

intubated 

Laterocubitus (diseased 

lung uppermost) + 

NIV/CPAP 

Seated position 

+ NIV/CPAP 

Intubated Laterocubitus (diseased 

lung uppermost) + 

PEEP 

Seated position, 

prone position + 

PEEP 

Obstructive atelectasis pattern  Lobar Entire lung 

Non 

intubated 

Laterocubitus (diseased lung uppermost) + 

NIV 

Intubated Laterocubitus (diseased 

lung uppermost) + 

hyperinflation/PEEP 

Refer to medical 

staff 

Pleural effusion/Passive 

atelectasis 

 Unilateral Bilateral 

First, refer to medical staff 

Non 

intubated 

Laterocubitus (diseased 

lung uppermost) + 

NIV/CPAP 

Seated position 

+ NIV/CPAP 

Intubated Laterocubitus(diseased 

lung uppermost)+ PEEP 

Seated position 

+ PEEP 

Acute pulmonary oedema  Refer to medical staff 

Non 

intubated 

Seated position + NIV 

Intubated Seated position 

Pneumothorax Refer to medical staff 

Reduced aeration at 

dependent parts of the lungs 

Seated or upright position, mobilization out of bed 

Diaphragm dysfunction Seated position, recovery monitoring, IMT 

Clinical examination is 

inconclusive 

Refer to medical staff 

Abbreviations: MIE: Mechanical insuflation-exsuflation; ETS/NTS: Endotracheal/Nasotracheal suction; 

NIV: noninvasive ventilation; CPAP: Continous positive airway pressure; PEEP: Positive end expiratory 

pressure; IMT: Inspiratory muscle training. 

 

A lung and diaphragm ultrasound assessment was undertaken by a second 

physiotherapist following the evaluation of the clinical physiotherapist, who reviewed the lung 

and diaphragm ultrasound report. The clinical physiotherapist was trained to interpret lung and 
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diaphragm ultrasound report. Based on new information provided by the ultrasound report, 

According these new information, the physiotherapist was given the opportunity to modify their 

originally planned chest physiotherapy treatment. 

 

Lung and Diaphragm Ultrasound Protocol 

Ultrasound examination was performed using a Philips CX50 (Philips Healthcare, Bothell, WA, 

USA), Sonosite Edge (Sonosite, Bothell, WA, USA), or a Sonoscape Expert 2 (Sonoscape 

Medical Corp., Shenzen, China) with a 2-5 MHz convex probe and a 6–13 MHz linear probe. 

Twelve areas were defined for lung examination, by dividing each hemithorax in anterior, 

lateral and posterior regions, and each of which further divided in an upper and lower quadrants 

[1, 2]. 

 

All these areas were identified considering the thorax’s normal anatomical landmarks: 

from sternum to anterior axillary line (anterior areas), from anterior to posterior axillary line 

(lateral areas) and from posterior axillary line to spine (posterior areas). 

 

The ultrasonographer systematically scanned the 12 thoracic areas with a 2-5 MHz 

convex probe by a longitudinal view, targeting to detect specific ultrasound patterns which 

were of interest for the physiotherapist [2–4]: normal as the presence of bat sign, A-lines and 

lung sliding; interstitial syndrome as the presence of multiple B-lines (focal or diffuse, 

homogeneous or heterogeneous distribution, and moderate or severe status were addressed); 

lung consolidation as the presence of tissue-like sign (pneumonia or atelectasis pattern were 

addressed); pleural effusion as the presence of an anechoic space between the parietal and 

visceral pleura; pneumothorax was defined as the absence of lung sliding, B-lines and lung 

pulse with the presence of lung point. Another ultrasound pattern frequently observed in 

bedridden ICU patients was the loss of aeration in the most dependent part of the lung [5]: 

bilateral postero-basal consolidations or interstitial syndrome with slight to moderate pleural 

effusion. 
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Level of lung aeration was assessed for each quadrant using four ultrasound aeration 

patterns as previously described [6]: (1) normal aeration: presence of lung sliding with A lines 

or fewer than two isolated B-lines; (2) moderate loss of lung aeration: multiple well-defined B 

lines; (3) severe loss of lung aeration: multiple coalescent B-lines; and (4) lung consolidation: 

presence of a tissue-like pattern. 

 

Diaphragm excursion with the anterior subcostal approach and thickening of the 

diaphragm at the zone of apposition were recorded in M-mode using a 2-5 MHz convex probe 

and a 6-13 MHz linear probe respectively, as previously described [7, 8]. In accordance with 

the literature, diaphragm dysfunction was defined as excursion lower than 1 cm [9] or 

thickening lower than 30% [10] of at least one hemidiaphragm. Both right and left diaphragm 

were assessed. 

 

Lung and diaphragm were examined with the patient in near-to-supine position (30°); 

whenever possible, posterior areas were scanned by turning the patient in the semi-lateral 

decubitus. All ultrasound findings were recorded in a standardized report form (Fig. S1). 

 

Lung and diaphragm ultrasound was performed by the physiotherapist, who was blinded to the 

clinical examination by the clinical physiotherapist, the patient’s status including the Chest X-

rays and CT-scan findings and all of other clinical information. The operator did not take part 

in the management of the included patients. The ultrasound training of the physiotherapist was 

based on the ultrasound training recommendations from the Royal College of Radiologists 

[11]: 

- Two days academic theoretical and practical training; 

- One year supervised lung ultrasound practice: more than 200 supervised thoracic 

ultrasound examination performed; 

- Two years autonomous thoracic ultrasound practice.  
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Other Supplemental Table and Figures 

 

Table E2: Characteristics of Diagnostic Concordance and Treatment Change 

 
Total Diagnostic concordance Treatment change   

n = 151 no (n = 
96) 

yes (n = 
55) 

p value no = 
(58) 

yes (n = 
93) 

p value 

Level of certainty, n (%) 
   

0.036* 
  

0.039* 

Strongly certain 26 (17) 14 (15) 12 (22) 
 

15 (26) 11 (12) 
 

Certain 66 (44) 35 (37) 31 (56) 
 

27 (46) 39 (42) 
 

Neither certain nor 
uncertain 

34 (23) 26 (27) 8 (15) 
 

11 (19) 23 (25) 
 

Uncertain 14 (9) 11 (11) 3 (5) 
 

5 (9) 9 (10) 
 

Strongly uncertain 5 (3) 5 (5) 
   

5 (5) 
 

Non reported 6 (4) 5 (5) 1 (2)  0 (0) 6 (6)  

Diagnostic concordance, n 
(%) 

55 (36) 
   

28 (48) 27 (29) 0.017* 

Treatment change, n (%) 93 (62) 66 (69) 27 (49) 0.017* 
   

Comparisons between diagnostic concordance and treatment change were performed using Chi-square 

tests. * p  0.05. 
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Figure E1. Lung and Diaphragm Ultrasound Report 
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