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Nearly two-thirds of the total study population were
hospitalized after initial care at the ED. 5.5% of patients
were admitted to the ICU and 0.6% died in the ED. The
overall in-hospital mortality rate was 5.0%. In-hospital
mortality rates were 8.7% for LRTI, 7.6% for HF, and
5.6% for COPD patients.

Regional differences
The EURODEM patient population was slightly older
than the AANZDEM cohort, median age 69 (53–80)
years versus 67 (49–80) years (P= 0.01).

There were more LRTI, HF, and COPD exacerbations in
the EURODEM population, whereas asthma was more
frequent in the AANZDEM population. EURODEM
patients more often had a previous history of chronic HF,
COPD, smoking, and cognitive dysfunction.

A higher ward admission rate was observed in Asia-Pacific
than in Europe (60.6 vs. 56.4%, P< 0.01). However, the
proportions of ED deaths (0.9 vs. 0.4%, P= 0.03) and ICU
admissions (8.4 vs. 3.4%, P< 0.001) were higher in the

EURODEM cohort. In-hospital mortality was also sig-
nificantly higher in EURODEM compared with the
AANZDEM cohort (6.5 vs. 4.1%, P< 0.001).

Discussion
This study describes the epidemiology and contemporaneous
management of dyspnea in EDs in Europe and the Asia-
Pacific region. Our results confirm that patients presenting to
the EDwith dyspnea represent a diverse and complex group.
Themost common causes of dyspnea in the EDwere LRTI,
decompensated (or acute) HF, COPD exacerbations, and
asthma. The high proportion of ‘other’ diagnoses (including
unknown) is somewhat surprising and a salient reminder that
the causes of dyspnea are legion and that a careful clinical
assessment is required to differentiate between them.
Importantly, our study shows that dyspneic patients require
immediate and high-quality care as the majority are admitted
to hospital with frequent admissions to intensive care units
[12,13]. This study emphasizes the challenges that ED
physicians face while striving for accurate and prompt diag-
nosis and treatment.

Table 1 Patient characteristics

Total [n (%)] AANZDEM [n (%)] EURODEM [n (%)] P value OR (95% CI)

N (%) 5569 3044 (54.7) 2525 (45.3)
Age (median [Q1–Q3]) (years) 68 (51–80) missing data n=25 67 (49–80) 69 (53–80) 0.01
Male 2719 (49.0) missing data n=21 1495 (49.2) 1224 (48.8) NS 1.02 (0.91–1.13)
ED diagnoses
Lower respiratory tract infection 1389 (24.9) 616 (20.2) 773 (30.6) <0.001 0.58 (0.51–0.65)
Heart failure 962 (17.3) 455 (14.9) 507 (20.1) <0.001 0.63 (0.55–0.73)
COPD exacerbation 882 (15.8) 415 (13.6) 467 (18.5) <0.001 0.70 (0.60–0.81)
Asthma 584 (10.5) 387 (12.7) 197 (7.8) <0.001 1.52 (1.27–1.82)
Other 2022 (36.3) 1171 (38.5) 851 (33.7) <0.001 1.24 (1.10–1.38)

Comorbidities
Chronic heart failure 1102 (20.5) missing data n=196 522 (17.2) 580 (24.7) <0.001 0.63 (0.55–0.73)
Diabetes mellitus 1246 (23.0) missing data n=149 697 (23.0) 549 (22.9) NS 1.01 (0.89–1.14)
Hypertension 2541 (46.9) missing data n=152 1405 (46.4) 1136 (47.6) NS 0.95 (0.85–1.06)
Atrial fibrillation/flutter 873 (16.1) missing data n=157 468 (15.5) 405 (17.0) NS 0.90 (0.77–1.04)
COPD 1477 (27.3) missing data n=164 721 (23.9) 756 (31.7) <0.001 0.67 (0.60–0.76)
Smoker 935 (17.9) missing data n=336 389 (12.9) 546 (24.7) 0.001 0.45 (0.39–0.52)
Asthma 1117 (20.6) missing data n=143 685 (22.6) 432 (18.0) 0.03 1.33 (1.16–1.53)

CI, confidence interval; COPD, chronic obstructive pulmonary disease; ED, emergency department; OR, odds ratio.

Table 2 Clinical signs at admission

Total [n (%)] AANZDEM [n (%)] EURODEM [n (%)] P value OR (95% CI)

Vital signs at admission
SBP [median (Q1–Q3)] (mmHg) 135 (120–154) missing data

n=138
136 (120–154) 135 (120–153) 0.21

SBP <100 mmHg 257 (4.7) 141 (4.7) 116 (4.7) 0.01 1.01 (0.78–1.31)
Heart rate [median (Q1–Q3)] (bpm) 90 (77–106) missing data n=115 92 (78–106) 89 (77–105) <0.001
Heart rate >120 bpm 547 (10.0) 323 (10.8) 224 (9.1) 0.04 1.21 (1.01–1.45)
Respiratory rate [median (Q1–Q3)] (cycles/
min)

21 (18–26) missing data n=566 22 (18–26) 20 (18–26) <0.001

Respiratory rate >30 cycles/min 550 (11.0) 334 (11.3) 216 (10.5) NS 1.09 (0.90–1.31)
SpO2 <90% 685 (13.9) missing data n=652 308 (12.3) 377 (15.7) NS 0.75 (0.64–0.89)
Temperature <35 or >38°C 477 (9.2) missing data n=392 282 (9.7) 195 (8.6) NS 1.14 (0.94–1.39)

Clinical signs at admission
Confusion 237 (4.3) missing data n=96 75 (2.5) 162 (6.6) <0.001 0.36 (0.27–0.48)
Rales 1953 (37.4) missing data n=346 912 (31.5) 1041 (44.7) <0.001 0.57 (0.51–0.64)
Wheezing 1220 (24.0) missing data n=496 590 (20.4) 630 (28.9) <0.001 0.63 (0.55–0.72)
Rhonchi 826 (16.5) missing data n=571 280 (9.7) 546 (25.9) <0.001 0.31 (0.26–0.36)

CI, confidence interval; OR, odds ratio; SBP, systolic blood pressure; SpO2, saturation level of oxygen in hemoglobin determined by pulse oximetry.
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The diagnostic performance of the emergency physicians is
reported in 4. A missed diagnosis of CPE (n = 56), CAP (n =
26), PE (n = 23) or asthma (n = 5) in the ED was noted in 101
(20%) patients. The number of hospital-free days within one
month after admission was significantly lower and mortality
was significantly higher in patients with a missed diagnosis
(Figure 1a). Patients with a missed diagnosis were not differ-
ent from patients with appropriate diagnosis performed in the
emergency ward, in terms of medical past history, clinical
signs, and results of laboratory tests. In the multivariate analy-
sis, three variables were significantly associated with a missed
diagnosis: final diagnosis of CPE, final diagnosis of PE, and
final diagnosis of CAP (5). Conversely, systemic arterial hyper-
tension was associated with fewer missed diagnoses. The
Hosmer-Lemeshow statistic was 7.38 (p = 0.39), indicating
appropriate calibration. The area under the ROC curve was
0.775 ± 0.027 (p < 0.05); the accuracy of the logistic model
was 0.80 (95% CI 0.72 to 0.82). BNP and NT-proBNP levels
were significantly higher in the group of patients with a missed
diagnosis, namely 143 pgml-1 (95% CI 101 to 171) versus
403 pg ml-1 (95% CI 337 to 503; p < 0.001) and 1,181 pg ml-
1 (95% CI 781 to 1,700) versus 3,555 pg ml-1 (95% CI 1,735
to 6,330; p = 0.01), respectively.

Oxygen was given in 444 patients (86%) in the ED, but was
considered a symptomatic rather than a specific treatment.
Inappropriate initial treatment of CPE (n = 93), CAP (n = 56),
PE (n = 36), or asthma (n = 0) was noted in 162 patients
(32%). Seventy-nine patients (15%) with a missed diagnosis
had also an inappropriate treatment in the emergency room.
The number of hospital-free days within one month after
admission was significantly lower, and the rates of admission
into ICU and mortality (25% versus 11%, p < 0.001) were sig-
nificantly higher, in patients with an inappropriate initial treat-
ment (Figure 1b). Most of the difference in mortality occurred
within few days after admission (Figure 2). The following vari-
ables were considered in the logistic model to predict death:
previous cancer, McCabe score less than one year, any previ-
ous cardiac disease, hypotension (systolic arterial pressure
less than 90 mmHg), acidosis (pH less than 7.35), hypercap-
nia (PaCO2 more than 45 mmHg), peripheral hypoxia (SpO2
less than 92%), elevated serum creatinine (more than 120
µmol l-1), low estimated creatinine clearance (less than 50 ml
minute-1), elevated troponin Ic, elevated NT-proBMP or BNP,
hyperkalemia (more than 5 mmol l-1), mottling, ventilatory rate
more than 30 minute-1, clinical signs of ventilatory failure (the
use of accessory respiratory muscles and/or abdominal para-
doxical respiration), missed diagnosis, and inappropriate treat-

Table 3

Diagnosis of causes of acute respiratory failure by experts, and mortality

Diagnosis Number of patients (%) Mortalitya, %

Cardiogenic Pulmonary Edema 219 (43) 21 [16–27]

Community-acquired pneumonia 181 (35) 17 [12–23]

Exacerbation of chronic respiratory disease 164 (32) 12 [8–18]

Pulmonary embolism 93 (18) 15 [9–24]

Bronchitis 23 (4) 4 [0–21]

Acute asthma 15 (3) 0 [0–20]

Others 78 (15) 24 [16–34]

No diagnosis 8 (2) 0 [0–32]

Ranges in square brackets are 95% confidence intervals. Because several causes could occur in the same patient, the percentages do not total 
100%. aPercentages represent mortality in each diagnostic category.

Table 4

Assessment of the diagnostic performance of the emergency physicians (n = 514)

Diagnosis Sensitivity Specificity Positive predictive 
value

Negative predictive 
value

Accuracy

CPE 0.71 [0.65–0.77] 0.80 [0.75–0.84] 0.74 [0.70–0.87] 0.78 [0.72–0.82] 0.76 [0.72–0.80]

CAP 0.86 [0.80–0.90]a 0.76 [0.71–0.80] 0.66 [0.59–0.71]a 0.91 [0.87–0.93]a 0.79 [0.75–0.82]

Acute exacerbation of CRD 0.71 [0.64–0.78] 0.83 [0.79–0.87] 0.66 [0.59–0.73]a 0.86 [0.82–0.89]a 0.81 [0.78–0.84]a

Pulmonary embolism 0.75 [0.66–0.83] 0.78 [0.74–0.82] 0.43 [0.36–0.51]a 0.93 [0.90–0.96]a 0.78 [0.74–0.81]

Asthma 0.67 [0.42–0.85] 0.97 [0.95–0.98]a 0.42 [0.24–0.61]a 0.99 [0.98–1.00]a 0.96 [0.94–0.98]a

Data are value [95% confidence interval]; ap < 0.05 compared with CPE. CPE, cardiogenic pulmonary edema; CAP, community-acquired 
pneumonia; CRD, chronic respiratory disease.

514 patients > 65a 

47% diagnostic mixte
mortalité 16%
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calculated from the velocity of tricuspid or pulmonary regurgi-
tation, when present. The left ventricular ejection fraction was
estimated by visual inspection. PFTs included the measure-
ment of lung volumes and flow-volume loop. In some cases,
spirometry was performed at the bedside (n = 14) with a vali-
dated portable spirometer (Easyone™; Dyn'air, Muret, France)
[15]. All PFTs were interpreted again by a pulmonologist
(MHB) blinded for any clinical information and medical chart,
and only this interpretation was taken account by the panel of
experts. Results from various other investigations decided by
the physician in charge (in the emergency room or in another
medical ward) were also recorded, such as ultrasonography of
the lower limbs, contrast-enhanced thoracic CT scan, pulmo-
nary arterial catheter in intensive care unit (ICU), and other rel-
evant results. During this study, levels of B-type natriuretic
peptide (BNP) (Triage BNP; Biosite, San Diego, CA, USA)
and NT-proBNP (Elecsys 2010 analyse; Roche Diagnostics,
Meylan, France) were evaluated in separate studies [16], and
the emergency physicians were not aware of the results. As
we demonstrated previously in an elderly population, the cutoff
values of 250 pg ml-1 for BNP and 1,500 pg ml-1 for NT-
proBNP were used in the analysis [16]. The length of hospital-
ization, admission to the ICU in the first 24 hours, the number
of hospital-free days within one month after admission, and the
in-hospital mortality during a short stay were also recorded.
The final diagnosis of ARF was then determined by two inde-
pendent senior experts (pulmonologist, cardiologist, general-
medicine internist, intensivist, geriatric or emergency physi-
cian) from an examination of the complete medical chart
including all initial clinical findings, emergency laboratory tests,
X-ray chest data, and the results of thoracic HRCT, transtho-
racic Doppler echocardiography, PFT (or bedside spirometry),
and BNP and/or NT-proBNP levels when available. In cases of
disagreement between the two experts, a consensus was

reached by a third expert. The main final proposed diagnoses
were CPE including left heart failure, CAP, acute exacerbation
of CRD, PE, acute asthma, bronchitis, and other main diag-
noses not listed above, and lack of any diagnosis. The use of
validated criteria, response to diuretic or vasodilator, results of
echocardiography Doppler, and BNP and NT-proBNP levels
performed at admission in the emergency room, and other car-
diac tests were specifically analyzed for CPE [5,13,17].
Results from PFT or bedside spirometry, thoracic HRCT and
response to bronchodilator or steroids or antibiotics were spe-
cifically analyzed for respiratory disorders [7,18]. Results of
ultrasonography, contrast-enhanced helical CT scan and per-
fusion/ventilation nuclear lung scan were specifically analyzed
for PE, as recommended [14].

Emergency physicians were asked for their diagnosis just
before the patient was leaving the emergency room for either
the observation unit of our ED or another ward, including the
ICU. According to the final diagnosis made by the experts, an
inaccurate emergency physician diagnosis was recorded only
if one of the following diagnoses was missed: PE, CPE, CAP,
and acute asthma. This was because all these causes of ARF
are thought to be linked to increased mortality when initial early
treatment is inappropriate, thus requiring early diagnosis. The
emergency diagnosis was recorded before thoracic CT scan,
Doppler echocardiography or PFT was performed.

The initial specific treatment was defined as that administered
when the patient was still in the emergency room. In the same
manner, an inaccurate initial treatment was recorded when PE
was diagnosed by the experts without initial anticoagulation,
when CPE was diagnosed without initial administration of
nitrate and/or diuretics, when CAP was diagnosed without ini-
tial antibiotics, and when acute asthma was diagnosed without

Figure 1

Effects of an appropriate medical care in the emergency department on prognosisEffects of an appropriate medical care in the emergency department on prognosis. Effects of an appropriate (full bars) or inappropriate (hatched 
bars) diagnosis in the emergency department (a) or initial emergency treatment (b) on the number of hospital-free days within 1 month after admis-
sion (expressed as median), percentage of patients admitted to intensive care unit (ICU), or mortality. NS, not significant.
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calculated from the velocity of tricuspid or pulmonary regurgi-
tation, when present. The left ventricular ejection fraction was
estimated by visual inspection. PFTs included the measure-
ment of lung volumes and flow-volume loop. In some cases,
spirometry was performed at the bedside (n = 14) with a vali-
dated portable spirometer (Easyone™; Dyn'air, Muret, France)
[15]. All PFTs were interpreted again by a pulmonologist
(MHB) blinded for any clinical information and medical chart,
and only this interpretation was taken account by the panel of
experts. Results from various other investigations decided by
the physician in charge (in the emergency room or in another
medical ward) were also recorded, such as ultrasonography of
the lower limbs, contrast-enhanced thoracic CT scan, pulmo-
nary arterial catheter in intensive care unit (ICU), and other rel-
evant results. During this study, levels of B-type natriuretic
peptide (BNP) (Triage BNP; Biosite, San Diego, CA, USA)
and NT-proBNP (Elecsys 2010 analyse; Roche Diagnostics,
Meylan, France) were evaluated in separate studies [16], and
the emergency physicians were not aware of the results. As
we demonstrated previously in an elderly population, the cutoff
values of 250 pg ml-1 for BNP and 1,500 pg ml-1 for NT-
proBNP were used in the analysis [16]. The length of hospital-
ization, admission to the ICU in the first 24 hours, the number
of hospital-free days within one month after admission, and the
in-hospital mortality during a short stay were also recorded.
The final diagnosis of ARF was then determined by two inde-
pendent senior experts (pulmonologist, cardiologist, general-
medicine internist, intensivist, geriatric or emergency physi-
cian) from an examination of the complete medical chart
including all initial clinical findings, emergency laboratory tests,
X-ray chest data, and the results of thoracic HRCT, transtho-
racic Doppler echocardiography, PFT (or bedside spirometry),
and BNP and/or NT-proBNP levels when available. In cases of
disagreement between the two experts, a consensus was

reached by a third expert. The main final proposed diagnoses
were CPE including left heart failure, CAP, acute exacerbation
of CRD, PE, acute asthma, bronchitis, and other main diag-
noses not listed above, and lack of any diagnosis. The use of
validated criteria, response to diuretic or vasodilator, results of
echocardiography Doppler, and BNP and NT-proBNP levels
performed at admission in the emergency room, and other car-
diac tests were specifically analyzed for CPE [5,13,17].
Results from PFT or bedside spirometry, thoracic HRCT and
response to bronchodilator or steroids or antibiotics were spe-
cifically analyzed for respiratory disorders [7,18]. Results of
ultrasonography, contrast-enhanced helical CT scan and per-
fusion/ventilation nuclear lung scan were specifically analyzed
for PE, as recommended [14].

Emergency physicians were asked for their diagnosis just
before the patient was leaving the emergency room for either
the observation unit of our ED or another ward, including the
ICU. According to the final diagnosis made by the experts, an
inaccurate emergency physician diagnosis was recorded only
if one of the following diagnoses was missed: PE, CPE, CAP,
and acute asthma. This was because all these causes of ARF
are thought to be linked to increased mortality when initial early
treatment is inappropriate, thus requiring early diagnosis. The
emergency diagnosis was recorded before thoracic CT scan,
Doppler echocardiography or PFT was performed.

The initial specific treatment was defined as that administered
when the patient was still in the emergency room. In the same
manner, an inaccurate initial treatment was recorded when PE
was diagnosed by the experts without initial anticoagulation,
when CPE was diagnosed without initial administration of
nitrate and/or diuretics, when CAP was diagnosed without ini-
tial antibiotics, and when acute asthma was diagnosed without

Figure 1

Effects of an appropriate medical care in the emergency department on prognosisEffects of an appropriate medical care in the emergency department on prognosis. Effects of an appropriate (full bars) or inappropriate (hatched 
bars) diagnosis in the emergency department (a) or initial emergency treatment (b) on the number of hospital-free days within 1 month after admis-
sion (expressed as median), percentage of patients admitted to intensive care unit (ICU), or mortality. NS, not significant.20% diagnostics erronés 32% traitements inadaptés
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The diagnostic performance of the emergency physicians is
reported in 4. A missed diagnosis of CPE (n = 56), CAP (n =
26), PE (n = 23) or asthma (n = 5) in the ED was noted in 101
(20%) patients. The number of hospital-free days within one
month after admission was significantly lower and mortality
was significantly higher in patients with a missed diagnosis
(Figure 1a). Patients with a missed diagnosis were not differ-
ent from patients with appropriate diagnosis performed in the
emergency ward, in terms of medical past history, clinical
signs, and results of laboratory tests. In the multivariate analy-
sis, three variables were significantly associated with a missed
diagnosis: final diagnosis of CPE, final diagnosis of PE, and
final diagnosis of CAP (5). Conversely, systemic arterial hyper-
tension was associated with fewer missed diagnoses. The
Hosmer-Lemeshow statistic was 7.38 (p = 0.39), indicating
appropriate calibration. The area under the ROC curve was
0.775 ± 0.027 (p < 0.05); the accuracy of the logistic model
was 0.80 (95% CI 0.72 to 0.82). BNP and NT-proBNP levels
were significantly higher in the group of patients with a missed
diagnosis, namely 143 pgml-1 (95% CI 101 to 171) versus
403 pg ml-1 (95% CI 337 to 503; p < 0.001) and 1,181 pg ml-
1 (95% CI 781 to 1,700) versus 3,555 pg ml-1 (95% CI 1,735
to 6,330; p = 0.01), respectively.

Oxygen was given in 444 patients (86%) in the ED, but was
considered a symptomatic rather than a specific treatment.
Inappropriate initial treatment of CPE (n = 93), CAP (n = 56),
PE (n = 36), or asthma (n = 0) was noted in 162 patients
(32%). Seventy-nine patients (15%) with a missed diagnosis
had also an inappropriate treatment in the emergency room.
The number of hospital-free days within one month after
admission was significantly lower, and the rates of admission
into ICU and mortality (25% versus 11%, p < 0.001) were sig-
nificantly higher, in patients with an inappropriate initial treat-
ment (Figure 1b). Most of the difference in mortality occurred
within few days after admission (Figure 2). The following vari-
ables were considered in the logistic model to predict death:
previous cancer, McCabe score less than one year, any previ-
ous cardiac disease, hypotension (systolic arterial pressure
less than 90 mmHg), acidosis (pH less than 7.35), hypercap-
nia (PaCO2 more than 45 mmHg), peripheral hypoxia (SpO2
less than 92%), elevated serum creatinine (more than 120
µmol l-1), low estimated creatinine clearance (less than 50 ml
minute-1), elevated troponin Ic, elevated NT-proBMP or BNP,
hyperkalemia (more than 5 mmol l-1), mottling, ventilatory rate
more than 30 minute-1, clinical signs of ventilatory failure (the
use of accessory respiratory muscles and/or abdominal para-
doxical respiration), missed diagnosis, and inappropriate treat-

Table 3

Diagnosis of causes of acute respiratory failure by experts, and mortality

Diagnosis Number of patients (%) Mortalitya, %

Cardiogenic Pulmonary Edema 219 (43) 21 [16–27]

Community-acquired pneumonia 181 (35) 17 [12–23]

Exacerbation of chronic respiratory disease 164 (32) 12 [8–18]

Pulmonary embolism 93 (18) 15 [9–24]

Bronchitis 23 (4) 4 [0–21]

Acute asthma 15 (3) 0 [0–20]

Others 78 (15) 24 [16–34]

No diagnosis 8 (2) 0 [0–32]

Ranges in square brackets are 95% confidence intervals. Because several causes could occur in the same patient, the percentages do not total 
100%. aPercentages represent mortality in each diagnostic category.

Table 4

Assessment of the diagnostic performance of the emergency physicians (n = 514)

Diagnosis Sensitivity Specificity Positive predictive 
value

Negative predictive 
value

Accuracy

CPE 0.71 [0.65–0.77] 0.80 [0.75–0.84] 0.74 [0.70–0.87] 0.78 [0.72–0.82] 0.76 [0.72–0.80]

CAP 0.86 [0.80–0.90]a 0.76 [0.71–0.80] 0.66 [0.59–0.71]a 0.91 [0.87–0.93]a 0.79 [0.75–0.82]

Acute exacerbation of CRD 0.71 [0.64–0.78] 0.83 [0.79–0.87] 0.66 [0.59–0.73]a 0.86 [0.82–0.89]a 0.81 [0.78–0.84]a

Pulmonary embolism 0.75 [0.66–0.83] 0.78 [0.74–0.82] 0.43 [0.36–0.51]a 0.93 [0.90–0.96]a 0.78 [0.74–0.81]

Asthma 0.67 [0.42–0.85] 0.97 [0.95–0.98]a 0.42 [0.24–0.61]a 0.99 [0.98–1.00]a 0.96 [0.94–0.98]a

Data are value [95% confidence interval]; ap < 0.05 compared with CPE. CPE, cardiogenic pulmonary edema; CAP, community-acquired 
pneumonia; CRD, chronic respiratory disease.
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dyspnea more complex [14]. Patients with signs of acute 
respiratory failure (SpO

2
 <90% and/or RR >30 bpm) have 

a higher risk of inappropriate treatment due to the sever-
ity of their condition. Indeed, they require rapid specific 
treatment and may also need early respiratory support 

[15], without waiting for the results of biological tests 
or radiology. Wheezing can be a misleading sign since 
it is usually associated with asthma or COPD exacerba-
tion diagnoses. However, 20–35% of AHF patients may 
have wheezing at auscultation, with or without preex-
isting COPD [5,6,16]. Even if ‘cardiac asthma’ is an old- 
described entity, its therapeutic implications remain 
poorly documented [17,18].

The association between undertreatment and increased 
in-hospital mortality underlines the importance of follow-
ing guidelines in the specific treatment of AHF [8], bac-
terial pneumonia [9], COPD exacerbation [10], asthma 
[11] and pulmonary embolism [12]. This association was 
already described by Ray et al. [3] who defined ‘inappro-
priate treatment’ as undertreatment for those diagnoses. 
The association between over-treatment and in-hospital 
mortality remains unclear and is not significant in our 
cohort. β2-mimetics use in AHF (with no COPD exac-
erbation association) may appear harmful by increasing 
cardiac frequency. However, its impact remains unknown 
[18]. The impact of furosemide use on mortality in 
patients with no AHF remains controversial [19,20].

Limitations
Our study presents several limits. First, we considered 
the final diagnosis at hospital discharge as the correct 
diagnosis, while it can be incorrect. However, practition-
ers who have chosen the diagnosis at discharge are more 
likely to have necessary data about patients (e.g. blood 
tests, radiology, response to treatments and evolution…) 
to determine the most probable diagnosis. Second, we 
choose to define ‘inappropriate treatment’ as under- and 
over-treatment. This leads to a higher rate of inappropri-
ate treatment due to an important rate of overtreatment, 

Table 2 Final diagnosis

General 
population

Appropriate 
treatment

Inappropriate 
treatment

(n = 2123) (n = 1314) (n = 809)

Isolated pneumoniaa 479 (23) 283 (22) 196 (24)
Isolated AHF 340 (16) 185 (14) 155 (19)
Isolated asthma 171 (8) 90 (7) 81 (10)
AHF + pneumonia 165 (8) 61 (5) 104 (13)
Isolated COPD 132 (6) 92 (7) 40 (5)
Pneumonia + COPD 75 (4) 41 (3) 34 (4)
Pulmonary neoplasiab 75 (4) 43 (3) 32 (4)
Viral pneumonia 65 (3) 52 (4) 13 (2)
Isolated PE 60 (3) 43 (3) 17 (2)
Pneumothorax 29 (1) 29 (2) 0
AHF + COPD 24 (1) 15 (1) 9 (1)
AHF + pneumonia + COPD 19 (1) 8 (1) 11 (1)
PE + pneumonia 12 (1) 5 (0) 7 (1)
Asthma + pneumonia 11 (1) 5 (0) 6 (1)
AHF + asthma 4 (1) 0 4 (0)
COPD + PE 1 (0) 1 (0) 0
AHF + asthma + pneumonia 1 (0) 0 1 (0)
AHF + PE 1 (0) 0 1 (0)
AHF + PE + pneumonia 1 (0) 0 1 (0)
Others 82 (4) 52 (4) 30 (4)
No final diagnosis 376 (18) 309 (24) 67 (8)

AHF, acute heart failure; COPD, chronic obstructive pulmonary disease exacerba-
tion; PE, pulmonary embolism.
aBacterial pneumonia or precise.
bWithout other diagnosis.

Table 3 Appropriate treatment and type of inappropriate 
treatment

Population

(n = 2123)
Appropriate 1314 (62)
Inappropriate 809 (38)
  Undertreatment 339 (15)
  Furosemide 118 (6)
  β2-mimetics 78 (4)
  Antibiotics 98 (5)
  Corticosteroids 74 (3)
  Anticoagulation 16 (1)
  Overtreatment 522 (25)
  Furosemide 129 (6)
  β2-mimetics 344 (16)
  Antibiotics 99 (5)
  Corticosteroids 26 (1)
  Anticoagulation 22 (1)
Association of under- and overtreatment 52 (2)

Table 4 Risk factors of inappropriate treatement (n = 2123)

OR (95%CI)

Age >75 years 1.46 (1.18–1.81)
Heart disease 1.32 (1.07–1.62)
Lung disease 1.47 (1.21–1.78)
SpO

2
 <90% 1.64 (1.37–2.02)

Bilateral rale 1.25 (1.01–1.56)
Focal cracklings 1.32 (1.05–1.66)
Wheezing 1.62 (1.31–2.03)

Fig. 1

Effect of inappropriate treatment compared to appropriate treatment in 
multivariate analysis.
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dyspnea more complex [14]. Patients with signs of acute 
respiratory failure (SpO

2
 <90% and/or RR >30 bpm) have 

a higher risk of inappropriate treatment due to the sever-
ity of their condition. Indeed, they require rapid specific 
treatment and may also need early respiratory support 

[15], without waiting for the results of biological tests 
or radiology. Wheezing can be a misleading sign since 
it is usually associated with asthma or COPD exacerba-
tion diagnoses. However, 20–35% of AHF patients may 
have wheezing at auscultation, with or without preex-
isting COPD [5,6,16]. Even if ‘cardiac asthma’ is an old- 
described entity, its therapeutic implications remain 
poorly documented [17,18].

The association between undertreatment and increased 
in-hospital mortality underlines the importance of follow-
ing guidelines in the specific treatment of AHF [8], bac-
terial pneumonia [9], COPD exacerbation [10], asthma 
[11] and pulmonary embolism [12]. This association was 
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priate treatment’ as undertreatment for those diagnoses. 
The association between over-treatment and in-hospital 
mortality remains unclear and is not significant in our 
cohort. β2-mimetics use in AHF (with no COPD exac-
erbation association) may appear harmful by increasing 
cardiac frequency. However, its impact remains unknown 
[18]. The impact of furosemide use on mortality in 
patients with no AHF remains controversial [19,20].
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diagnosis, while it can be incorrect. However, practition-
ers who have chosen the diagnosis at discharge are more 
likely to have necessary data about patients (e.g. blood 
tests, radiology, response to treatments and evolution…) 
to determine the most probable diagnosis. Second, we 
choose to define ‘inappropriate treatment’ as under- and 
over-treatment. This leads to a higher rate of inappropri-
ate treatment due to an important rate of overtreatment, 
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Pulmonary neoplasiab 75 (4) 43 (3) 32 (4)
Viral pneumonia 65 (3) 52 (4) 13 (2)
Isolated PE 60 (3) 43 (3) 17 (2)
Pneumothorax 29 (1) 29 (2) 0
AHF + COPD 24 (1) 15 (1) 9 (1)
AHF + pneumonia + COPD 19 (1) 8 (1) 11 (1)
PE + pneumonia 12 (1) 5 (0) 7 (1)
Asthma + pneumonia 11 (1) 5 (0) 6 (1)
AHF + asthma 4 (1) 0 4 (0)
COPD + PE 1 (0) 1 (0) 0
AHF + asthma + pneumonia 1 (0) 0 1 (0)
AHF + PE 1 (0) 0 1 (0)
AHF + PE + pneumonia 1 (0) 0 1 (0)
Others 82 (4) 52 (4) 30 (4)
No final diagnosis 376 (18) 309 (24) 67 (8)

AHF, acute heart failure; COPD, chronic obstructive pulmonary disease exacerba-
tion; PE, pulmonary embolism.
aBacterial pneumonia or precise.
bWithout other diagnosis.
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« Une exacerbation de la BPCO est un événement aigu caractérisé par une aggravation des symptômes respiratoires du 

patient qui va au-delà des variations normales de la journée et qui conduit à un changement de traitement »

Exacerbation de BPCO



Tanabe et al. Expert Rev. Respir. Med 2012
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Review

Therapy for cardiac asthma
There is little evidence that symptoms of 
cardiac asthma are reversible by broncho-
dilators although a therapeutic trial is often 
used to determine if bronchial asthma co-
exists with cardiac disease (TABLE 1). Any 
therapeutic trial should include measure-
ment of pulmonary function because the 
intermittent nature of the symptoms and 
the placebo effect may  confound the sub-
jective  assessment of benefit.

Treatment of cardiac asthma is primarily 
directed toward improving the pump func-
tion of the heart. Treatment can include 
pharmacological therapy such as diuretics, 
nitrates, inotropic agents (digitalis), angio-
tensin converting enzyme inhibitors and 
angiotensin  receptor blockers [78].

Effect of conventional therapy for 
CHF on pulmonary function
Although pulmonary symptoms are com-
monly associated with heart failure, most 
studies of acute or chronic therapy for heart 
failure have not specifically evaluated lung 
function. Adults with acute decompensa-
tion of heart failure reported less dyspnea 
over 72 h when receiving high-dose loop 
diuretics compared with low dose [79]. The authors of a study 
which showed a small but significant improvement in respira-
tory reactance and resistance after nitrates noted that they were 
unaware of other studies  investigating the effect of nitrates on 
pulmonary mechanics [80].
β-blockers reduce mortality in patients with CHF but have 

been under prescribed due, in part, to concerns about the effects 
of nonselective β-blockers in patients with concomitant lung dis-
ease, especially COPD [81]. However, a meta-analysis found that 
the use of β-blockers with increased b1 selectivity does not worsen 
pulmonary function [82]. While it may be safer to use selective 
β-antagonists in heart failure in patients with lung disease, there 
is no evidence these mediations improve lung function. A small 
study in subjects with CHF and COPD found that FEV1 declined 
over 4 months in those who received bisoprolol, but quality of life 
and overall symptoms were unchanged [83].

Even if these therapies improve heart function and reduce some 
of the symptoms of associated cardiac asthma, there is often an 
element of fixed air flow obstruction, as evidenced by the non-
response to diuretics and bronchodilators in cardiac asthma 
[8,41,46,84]. This fixed airflow limitation is probably caused by 
airway remodeling.

Bronchodilators & corticosteroids
Therapy for bronchial asthma primarily involves the use of 
 bronchodilators and corticosteroids. There is little evidence to 
support the use of these drugs in true cardiac asthma [84–88]. 

However, ipratropium, an inhaled anticholinergic bronchodilator, 
has been reported to improve pulmonary function in patients with 
congestive heart failure referred for cardiac transplantation [89,90]. 
This may be due, in part, to cholinergic effects of heart failure on 
airway smooth muscle [41,42].

β2-agonists for pulmonary edema
There is some evidence that β2-agonists may potentiate fluid 
resorption from the distal airway and decrease pulmonary edema 
[91]. Stimulation of β2-adrenergic receptors with β2-agonists 
increases alveolar fluid clearance in ex vivo human lungs [92]. This 
appears to be mediated by upregulating Na+ transport via the 
cAMP-dependent pathway [93]. Aerosolized β2-adrenergic ago-
nist therapy can accelerate the resolution of pulmonary edema in 
surgical patients who have undergone pulmonary resection but 
this possible benefit should be balanced by caution due to the 
potential deleterious cardiac effects of arrhythmia, tachycardia 
or hypertension [94].

Anticytokine therapy
Cytokines are important in the progression of heart failure and 
asthma, but there is a paucity of data on the use of anticytokine 
agents to reduce the effect of proinflammatory cytokines or 
growth factors on the remodeling heart [95–97]. Evidence from 
in vitro studies and animal models has identified novel anticy-
tokine agents that may benefit bronchial asthma [98]. Several clini-
cal trials with the anti-IL-5 monoclonal antibody (mepolizumab) 

Figure 2. Components of airway obstruction in congestive heart failure. Volume 
overload in congestive heart failure may contribute to airway obstruction. In persons with 
heart failure, increased circulating levels of inflammatory mediators are produced by 
cardiac myofibroblasts and other cells. Systemic oxidative stress and inflammation is also 
associated with tobacco smoking, obesity and obstructive sleep apnea. 
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Cardiac asthma: new insights into an old disease

Définition :

wheezing (sifflement) + toux + orthopnée

Prévalence : 

35% des ICA > 65a

Mortalité 

similaire autres ICA

Asthme cardiaque



100% 8% 1%

BPCO vs Insuffisance cardiaque



SDRA ?

Volpicelli et al. Anesthesiology 2014

BPCO vs Insuffisance cardiaque



Figure 2.  

 

Diagnostic accuracy of the different approaches to acute dyspnea in the ED. BNP = brain natriuretic peptide; LR− = 
negative likelihood ratio; LR+ = positive likelihood ratio; LUS = lung ultrasonography; NPV = negative predictive value; NT‐
pro‐BNP = N‐terminal pro‐brain natriuretic peptide; PPV = positive predictive value. 
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A, Receiver operating characteristic (ROC) curve comparing accuracy of clinical workup, LUS‐implemented diagnosis, LUS 
alone, and chest radiography. B, ROC curve comparing accuracy of clinical workup, LUS‐implemented diagnosis, LUS 
alone, and BNP/NT‐pro‐BNP levels. See Figure 2 legend for expansion of other abbreviations. 

 
 
 
 
 
 

Population : 1007 patients dyspnéiques – 7 services d’urgences Italiens – 2 ans 

Objectif : dyspnée cardiaque ou non-cardiaque ? 

Pivetta et al. Chest 2015
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Table 3
Diagnostic accuracy for individual elements of the medical history and physical examination

Sign or symptom
Studies
(patients)

Sensitivity
(95% CI)

Specificity
(95% CI) LR+ (95% CI) LR! (95% CI)

Diagnostic
odds ratio
(95% CI) AUROCC

Overall clinical
impression

7 (5081) 0.50 (0.39-0.61) 0.92 (0.84-0.96) 6.32 (3.58-10.5) 0.54 (0.46-0.64) 11.5 (6.7-18.5) 0.741

Medical history

Chronic obstructive
pulmonary disease

3 (748) 0.19 (0.13-0.27) 0.91 (0.86-0.95) 2.37 (1.21-4.33) 0.88 (0.78-0.97) 2.74 (1.24-5.51)

Previous pneumonia 3 (1245) 0.13 (0.02-0.47) 0.90 (0.63-0.98) 1.32 (0.81-2.00) 0.96 (0.81-1.02) 1.39 (0.79-2.21)

Any comorbidity 3 (3904) 0.44 (0.33-0.55) 0.63 (0.50-0.75) 1.19 (0.99-1.48) 0.90 (0.80-1.01) 1.34 (0.98-1.80)

Alcohol use disorder 3 (988) 0.06 (0.02-0.23) 0.96 (0.93-0.98) NC NC NC

Smoking (current) 4 (3425) 0.32 (0.13-0.59) 0.69 (0.54-0.81) 1.06 (0.53-1.78) 0.97 (0.66-1.22) 1.18 (0.44-2.73)

Male sex 4 (3539) 0.46 (0.39-0.54) 0.57 (0.52-0.61) 1.08 (0.93-1.23) 0.94 (0.83-1.06) 1.15 (0.88-1.47)

Smoking (ever) 3 (1434) 0.50 (0.30-0.69) 0.52 (0.36-0.67) 1.03 (0.78-1.28) 0.97 (0.75-1.18) 1.09 (0.66-1.70)

Symptoms

Pleuritic chest pain 3 (1245) 0.32 (0.26-0.39) 0.87 (0.65-0.96) 2.76 (0.97-7.133) 0.81 (0.70-1.02) 3.56 (0.95-9.77)

Fever (subjective) 8 (4907) 0.63 (0.50-0.74) 0.55 (0.38-0.71) 1.47 (1.26-1.71) 0.68 (0.58-0.80) 2.10 (1.48-2.87) 0.623

Chills 7 (2453) 0.55 (0.43-0.67) 0.62 (0.50-0.72) 1.44 (1.26-1.65) 0.73 (0.63-0.83) 2.00 (1.58-2.49) 0.610

Coryza and
rhinorrhea absent

4 (1106) 0.60 (0.40-0.77) 0.57 (0.22-0.66) 1.43 (1.11-2.00) 0.71 (0.56-0.86) 2.07 (1.31-3.13)

Sputum (bloody) 4 (1582) 0.13 (0.06-0.27) 0.90 (0.84-0.94) 1.33 (0.80-2.06) 0.96 (0.84-1.02) 1.41 (0.78-2.47)

Dyspnea 10 (5626) 0.63 (0.48-0.75) 0.51 (0.31-0.71) 1.30 (1.07-1.65) 0.75 (0.66-0.85) 1.75 (1.28-2.34) 0.598

Sore throat absent 3 (782) 0.60 (0.49-0.70) 0.52 (0.28-0.75) 1.29 (0.75-1.77) 0.81 (0.57-1.34) 1.78 (0.65-3.83)

Chest pain 8 (5031) 0.51 (0.33-0.69) 0.58 (0.37-0.76) 1.21 (1.05-1.42) 0.86 (0.78-0.94) 1.41 (1.13-1.74) 0.549

Headache 3 (1188) 0.65 (0.46-0.81) 0.42 (0.21-0.65) 1.19 (0.93-1.49) 0.85 (0.67-1.08) 1.35 (0.90-1.94)

Sputum (any) 6 (4441) 0.71 (0.60-0.81) 0.35 (0.21-0.51) 1.11 (0.96-1.32) 0.84 (0.63-1.11) 1.37 (0.87-2.07)

Myalgias 3 (1424) 0.49 (0.41-0.56) 0.57 (0.45-0.68) 1.10 (0.91-1.45) 0.92 (0.77-1.10) 1.26 (0.82-1.86)

Sputum (purulent) 3 (1365) 0.52 (0.35-0.70) 0.52 (0.39-0.65) 1.09 (0.90-1.26) 0.92 (0.73-1.08) 1.21 (0.83-1.71)

Cough 7 (1866) 0.88 (0.82-0.93) 0.16 (0.07-0.34) 1.07 (0.97-1.27) 0.77 (0.41-1.37) 1.57 (0.71-3.01)

Signs

Egophony 3 (1116) 0.05 (0.03-0.10) 0.99 (0.95-0.99) 6.17 (1.34-18.0) 0.96 (0.93-0.99) 6.46 (1.36-18.9)

Dullness to
percussion

7 (1932) 0.14 (0.10-0.19) 0.94 (0.88-0.97) 2.62 (1.14-5.30) 0.92 (0.87-0.98) 2.89 (1.17-5.90) NC

Confusion 4 (1596) 0.11 (0.08-0.15) 0.95 (0.92-0.97) 2.15 (1.36-3.34) 0.94 (0.90-0.98) 2.29 (1.39-3.63)

Crackles 12 (5898) 0.42 (0.32-0.52) 0.79 (0.68-0.86) 2.00 (1.54-2.58) 0.74 (0.66-0.82 2.70 (1.95-3.63) 0.611

Decreased
breath sounds

6 (4322) 0.25 (0.20-0.32) 0.87 (0.78-0.92) 1.96 (1.23-3.02) 0.87 (0.79-0.95) 2.29 (1.31-3.73)

Abnormal lung
exam (any finding)

8 (2875) 0.60 (0.40-0.78) 0.67 (0.42-0.85) 1.90 (1.26-2.91) 0.61 (0.47-0.75) 3.18 (1.83-2.08) 0.669

Rhonchi 5 (2375) 0.23 (0.16-0.32) 0.87 (0.78-0.92) 1.76 (1.26-2.41) 0.89 (0.83-0.95) 1.99 (1.35-2.81)

Toxic or ill
appearance

5 (4162) 0.42 (0.22-0.65) 0.70 (0.43-0.88) 1.46 (1.08-2.15) 0.83 (0.71-0.94) 1.77 (1.17-2.64)

Pleural rub 5 (1885) 0.07 (0.04-0.11) 0.97 (0.91-0.992) 3.02 (0.74-8.02) 0.96 (0.91-1.02) 3.20 (0.72-8.81)

Wheeze (any) 8 (2519) 0.25 (0.19-0.32) 0.75 (0.68-0.92) 1.00 (0.82-1.22) 1.00 (0.94-1.07) 1.00 (0.77-1.30)

Vital signs

Temp>=37.7-38.0 10 (5490) 0.34 (0.25-0.56) 0.87 (0.79-0.92) 2.52 (2.02-3.20) 0.77 (0.70-0.83) 3.30 (2.60-4.16) 0.637

O2 saturation < 95% 3 (1089) 0.36 (0.22-0.53) 0.83 (0.78-0.87) 2.12 (1.47-2.71) 0.77 (0.61-0.92) 2.83 (1.61-4.39)

Heart rate> 100 bpm 8 (5172) 0.33 (0.23-0.44) 0.84 (0.74-0.90) 2.04 (1.59-2.62) 0.80 (0.73-0.86) 2.55 (1.93-3.31) 0.606

Respiratory
rate> 20-25 bpm

3 (3638) 0.53 (0.25-0.79) 0.84 (0.44-0.91) 2.02 (1.34-3.02) 0.65 (0.45-0.84) 3.14 (2.08-4.51)

Any abnormal
vital sign

3 (604) 0.93 (0.74-0.98) 0.30 (0.12-0.59) 1.37 (1.10-1.84) 0.25 (0.11-0.48) 6.01 (3.03-10.6)

Where the positive likelihood ratio (LR+), negative likelihood ratio (LR!) or diagnostic odds ratio differed significantly from 1.0, the value is
shown in bold face.
NC, not calculable from data; AUROCC = area under the receiver operating characteristic curve.
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Smoking (ever) 3 (1434) 0.50 (0.30-0.69) 0.52 (0.36-0.67) 1.03 (0.78-1.28) 0.97 (0.75-1.18) 1.09 (0.66-1.70)

Symptoms

Pleuritic chest pain 3 (1245) 0.32 (0.26-0.39) 0.87 (0.65-0.96) 2.76 (0.97-7.133) 0.81 (0.70-1.02) 3.56 (0.95-9.77)

Fever (subjective) 8 (4907) 0.63 (0.50-0.74) 0.55 (0.38-0.71) 1.47 (1.26-1.71) 0.68 (0.58-0.80) 2.10 (1.48-2.87) 0.623

Chills 7 (2453) 0.55 (0.43-0.67) 0.62 (0.50-0.72) 1.44 (1.26-1.65) 0.73 (0.63-0.83) 2.00 (1.58-2.49) 0.610

Coryza and
rhinorrhea absent

4 (1106) 0.60 (0.40-0.77) 0.57 (0.22-0.66) 1.43 (1.11-2.00) 0.71 (0.56-0.86) 2.07 (1.31-3.13)

Sputum (bloody) 4 (1582) 0.13 (0.06-0.27) 0.90 (0.84-0.94) 1.33 (0.80-2.06) 0.96 (0.84-1.02) 1.41 (0.78-2.47)

Dyspnea 10 (5626) 0.63 (0.48-0.75) 0.51 (0.31-0.71) 1.30 (1.07-1.65) 0.75 (0.66-0.85) 1.75 (1.28-2.34) 0.598

Sore throat absent 3 (782) 0.60 (0.49-0.70) 0.52 (0.28-0.75) 1.29 (0.75-1.77) 0.81 (0.57-1.34) 1.78 (0.65-3.83)

Chest pain 8 (5031) 0.51 (0.33-0.69) 0.58 (0.37-0.76) 1.21 (1.05-1.42) 0.86 (0.78-0.94) 1.41 (1.13-1.74) 0.549

Headache 3 (1188) 0.65 (0.46-0.81) 0.42 (0.21-0.65) 1.19 (0.93-1.49) 0.85 (0.67-1.08) 1.35 (0.90-1.94)

Sputum (any) 6 (4441) 0.71 (0.60-0.81) 0.35 (0.21-0.51) 1.11 (0.96-1.32) 0.84 (0.63-1.11) 1.37 (0.87-2.07)

Myalgias 3 (1424) 0.49 (0.41-0.56) 0.57 (0.45-0.68) 1.10 (0.91-1.45) 0.92 (0.77-1.10) 1.26 (0.82-1.86)

Sputum (purulent) 3 (1365) 0.52 (0.35-0.70) 0.52 (0.39-0.65) 1.09 (0.90-1.26) 0.92 (0.73-1.08) 1.21 (0.83-1.71)

Cough 7 (1866) 0.88 (0.82-0.93) 0.16 (0.07-0.34) 1.07 (0.97-1.27) 0.77 (0.41-1.37) 1.57 (0.71-3.01)

Signs

Egophony 3 (1116) 0.05 (0.03-0.10) 0.99 (0.95-0.99) 6.17 (1.34-18.0) 0.96 (0.93-0.99) 6.46 (1.36-18.9)

Dullness to
percussion

7 (1932) 0.14 (0.10-0.19) 0.94 (0.88-0.97) 2.62 (1.14-5.30) 0.92 (0.87-0.98) 2.89 (1.17-5.90) NC

Confusion 4 (1596) 0.11 (0.08-0.15) 0.95 (0.92-0.97) 2.15 (1.36-3.34) 0.94 (0.90-0.98) 2.29 (1.39-3.63)

Crackles 12 (5898) 0.42 (0.32-0.52) 0.79 (0.68-0.86) 2.00 (1.54-2.58) 0.74 (0.66-0.82 2.70 (1.95-3.63) 0.611

Decreased
breath sounds

6 (4322) 0.25 (0.20-0.32) 0.87 (0.78-0.92) 1.96 (1.23-3.02) 0.87 (0.79-0.95) 2.29 (1.31-3.73)

Abnormal lung
exam (any finding)

8 (2875) 0.60 (0.40-0.78) 0.67 (0.42-0.85) 1.90 (1.26-2.91) 0.61 (0.47-0.75) 3.18 (1.83-2.08) 0.669

Rhonchi 5 (2375) 0.23 (0.16-0.32) 0.87 (0.78-0.92) 1.76 (1.26-2.41) 0.89 (0.83-0.95) 1.99 (1.35-2.81)

Toxic or ill
appearance

5 (4162) 0.42 (0.22-0.65) 0.70 (0.43-0.88) 1.46 (1.08-2.15) 0.83 (0.71-0.94) 1.77 (1.17-2.64)

Pleural rub 5 (1885) 0.07 (0.04-0.11) 0.97 (0.91-0.992) 3.02 (0.74-8.02) 0.96 (0.91-1.02) 3.20 (0.72-8.81)

Wheeze (any) 8 (2519) 0.25 (0.19-0.32) 0.75 (0.68-0.92) 1.00 (0.82-1.22) 1.00 (0.94-1.07) 1.00 (0.77-1.30)

Vital signs

Temp>=37.7-38.0 10 (5490) 0.34 (0.25-0.56) 0.87 (0.79-0.92) 2.52 (2.02-3.20) 0.77 (0.70-0.83) 3.30 (2.60-4.16) 0.637

O2 saturation < 95% 3 (1089) 0.36 (0.22-0.53) 0.83 (0.78-0.87) 2.12 (1.47-2.71) 0.77 (0.61-0.92) 2.83 (1.61-4.39)

Heart rate> 100 bpm 8 (5172) 0.33 (0.23-0.44) 0.84 (0.74-0.90) 2.04 (1.59-2.62) 0.80 (0.73-0.86) 2.55 (1.93-3.31) 0.606

Respiratory
rate> 20-25 bpm

3 (3638) 0.53 (0.25-0.79) 0.84 (0.44-0.91) 2.02 (1.34-3.02) 0.65 (0.45-0.84) 3.14 (2.08-4.51)

Any abnormal
vital sign

3 (604) 0.93 (0.74-0.98) 0.30 (0.12-0.59) 1.37 (1.10-1.84) 0.25 (0.11-0.48) 6.01 (3.03-10.6)

Where the positive likelihood ratio (LR+), negative likelihood ratio (LR!) or diagnostic odds ratio differed significantly from 1.0, the value is
shown in bold face.
NC, not calculable from data; AUROCC = area under the receiver operating characteristic curve.
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AUC = 0.74
Se 50% ; Sp 92% 

physicians using a lower threshold for diagnosing CAP
to achieve a higher sensitivity, so appropriate patients
can be referred to the ED for further evaluation.
While guidelines recommend a CXR to confirm the

diagnosis of CAP before initiating therapy,21 not all
patients with acute cough should receive a CXR. Also,
CXRs may not be readily available outside of the ED
setting or in low resource settings. The presence of an
overall clinical impression suggesting CAP (LR+ =
6.3, 95% CI = 3.6 to 10.5), egophony (LR+ = 6.2,
95% CI = 1.3 to 18.0), dullness to percussion
(LR+ = 2.6, 95% CI = 1.1 to 5.3), and measured
fever (LR+ = 2.5, 95% CI = 2.0 to 3.2) were all mod-
erately useful for increasing the likelihood of CAP and
could prompt a clinician to order a radiograph in a
patient with acute cough. Only a single clinical finding
had a LR– less than 0.5 (absence of any abnormal
vital sign), while the past medical history and comor-
bidities were of relatively little diagnostic value.
Combinations of symptoms were not generally stud-

ied, other than any abnormal lung finding (LR+ =
1.9, 95% CI = 1.3 to 2.9; LR! = 0.61, 95% CI =
0.47 to 0.75) and any abnormal vital sign (LR+ = 1.4,

95% CI = 1.1 to 1.8; LR! = 0.25, 95% CI = 0.11
to 0.48). Thus, normal vital signs provide reassurance
that CAP is less likely, and we showed in a previous
systematic review that the combination of normal vital
signs and normal lung examination has a negative
likelihood ratio of 0.1 for CAP.5 The combination of
normal vital signs and a normal lung examination
would reduce the likelihood of CAP to approximately
0.5% given a prevalence of 5%, 1% given a prevalence
of 10%, and 2% given a prevalence of 20%, obviating
the need for a chest x-ray in most patients. On the
other hand, an abnormal overall clinical impression or
the presence of egophony would increase the likeli-
hood of CAP to 25% given a prevalence of 5%, 36%
given a prevalence of 10%, and 56% given a probabil-
ity of 20%, situations in which a chest x-ray (and pos-
sibly empiric therapy) would be appropriate for most
patients. The excellent test characteristics of the overall
clinical impression mean that experienced ED and pri-
mary care physicians can trust their overall judgment
of the likelihood of pneumonia and value it is a diag-
nostic test. It is also an important message for physi-
cians that we should not rely too much on the
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Figure 2. Summary receiver operating characteristic curve for the
overall clinical impression. CXR = chest radiograph; RTI = respira-
tory tract infection
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Age 18-44 ans (n = 780) ³ 75 ans (n = 280)

Toux 90% 84%

Dyspnée 75% 66%

Douleur Pleurale 60% 46%

Fièvre 85% 53%

Frissons 85% 52%

Céphalées 75% 32%

Myalgies 67% 25%

Tachypnée 36% 65%
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Albaum et al. Chest 1996

Concordance totale = 57,7 % 

Kappa = 0,38 (IC 95 % = 0,31 à 0,46)

Praticiens Concordance en cas de 
PAC (+)

Concordance en cas de 
PAC (-) Kappa

Radiologue Sénior 56 % 96 % 0,71 (0,59-0,83)

Résident en Radio 36 % 94 % 0,50 (0,40-0,60)

Résident en Radio 36 % 95 % 0,50 (0,40-0,60)

Pneumologue Sénior 59 % 96 % 0,72 (0,60-0,84)

Médecin Généraliste - - 0,35 Melbye et al. Acta Radiol. 1992

Pneumopathie infectieuse – Radiographie du Thorax
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• revue littérature

• 17 études : 5108 patients

• PAC adultes aux urgences

two thousand patients, obtained some very substantial
results in this respect. However, reaching a sufficiently
large sample to achieve a good level of power does not
seem to be sufficiently taken into account in current
clinical trials.

In terms of the strictness of blinding, the studies in the
literature had different strategies. We believe that more
attention should be paid to this aspect in further studies,
although we did not find substantial sources of bias from
the considered studies.

To our knowledge, this is the first meta-analysis that
takes into account specifically the ED setting. In fact, we
believe that it is methodologically questionable to
include studies carried out in the ICU or in the medical
ward to establish the diagnostic accuracy of the LUS in
diagnosing CAP. A proportion of pneumonia that occurs
in hospitalized patients could be attributed to hospital-
acquired pneumonia or induced ventilator-associated
pneumonia in patients intubated for more than 24 h.
Although, theoretically at least, it is conceivable that
there are no considerable differences in the diagnostic
accuracy of the LUS in these specific target populations
compared to CAP patients, there are currently no primary
studies demonstrating it.

In terms of the sonographic findings for pneumonia,
some evidence-based recommendations produced by a
panel of experts are present in the literature [35]. These
recommendations are sufficiently robust, in our opinion,

to be able to be considered in the use of definitions
related to the LUS.

Compared with the meta-analysis already reported in the
literature, our population sample is more focused on our
clinical question [36–42]. Despite this, we obtained a very
similar value of AUC in comparison with most of the other
meta-analyses (98% in Alzahrani et al. [36]; 96% in Long
et al. [37]; 96% in Xia et al. [38]; 97% in Ye et al. [39]; 98% in
Chavez et al. [40]). These data testify to the usefulness of
the LUS in diagnosing CAP, despite heterogeneous
populations. Hu et al. [41] obtained a higher AUC (of about
99%) than ours. However, we noticed that they considered
numerous studies involving a pediatric (and a newborn)
population. We decided, instead, to exclude studies that
enrolled pediatric patients. This is the reason for the
difference in accuracy between their work and ours.
Llamas-Álvarez et al. [42] obtained a lower AUC value
(93%) than ours. We assume that this difference is mainly
because of the different studies considered. Llamas-Álvarez
and colleagues did not consider the study by Zanobetti and
colleagues, which included more than 2000 patients.
Furthermore, the considered setting by Llamas-Álvarez and
colleagues was quite different from ours; in fact, they con-
sidered studies carried out in the ED, in the ICU, and also
in the medical ward. We cannot report the degree of het-
erogeneity as Llamas-Álvarez and colleagues did not report
it. However, they recognized a certain degree of hetero-
geneity that we believe can be attributed to the difference
in the populations considered (e.g. ventilator-associated

Fig. 4

(a) Forest plot of pooled diagnostic odds ratio (DOR); (b) the summary receiver operating characteristic (SROC) of the lung ultrasound in diagnosing
community-acquired pneumonia in adult patients in emergency department (ED). DSL, DerSimonian and Laird method.

8 European Journal of Emergency Medicine 2017, Vol 00 No 00

Copyright r 2017 Wolters Kluwer Health, Inc. Unauthorized reproduction of this article is prohibited.

Pneumopathie infectieuse – Echographie pleuro-pulmonaire



Copyright © 2020 Wolters Kluwer Health, Inc. Unauthorized reproduction of this article is prohibited.

Effect of chest ultrasound on diagnostic workup in elderly patients with acute respiratory failure De Carvalho et al. 31

Diagnostic sensitivities and speci!cities were compared 
using a McNemar test. A P-value <0.05 was considered 
signi!cant. All P-values were two-sided. Data were col-
lected in Microsoft Excel; statistical analysis was realized 
with GraphPad Prism 8.0.2.

The primary endpoint was analyzed using the unweighted 
Cohen’s kappa (κ) coef!cient. As previously described, 
concordance was optimal when 0.9 < κ ≤ 1, good when 
0.6 < κ ≤ 0.8, moderate when 0.4 < κ ≤ 0.6 and poor when 
0 < κ ≤ 0.4 [22].

For a 0.75 correct classi!cation of patients with usual 
diagnosis procedure and 0.90 with chest ultrasound, in 
bilateral formulation with alpha risk 0.05 and beta 0.1, the 
required number of patients to include was 68.

Results
During the study period, 89 patients were included: 55 
women and 34 men, mean age 86 ± 5 years. Every patient 
included !lling out the inclusion criteria when they were 
taken care of. For patient with pre-hospital management 
by an ambulance team respiratory rate and SpO

2
 at !rst 

contact was used to ful!ll inclusion criteria. Patient char-
acteristics are shown in Table 1.

The main !nal diagnosis was cardiogenic pulmonary 
edema (n = 43, 48%), followed by community-acquired 
pneumonia (n = 24, 27%), COPD (n = 7, 8%), mixed (n = 7, 
8%) and pulmonary embolism (n = 5, 5.5%). Etiologies of 
acute respiratory failure according to routine approach, 
chest ultrasound and adjudication committee are reported 
in Table 2. Overall concordance was moderate (κ = 0.52; 
95% CI, 0.43–0.61) between routine diagnosis approach 
and adjudication committee diagnostic and good (κ = 0.82; 
95% CI, 0.75–0.88) between chest ultrasound and adjudi-
cation committee diagnostic. Concordances for each dis-
ease are reported in Table 2.

For acute respiratory failure diagnosis in the ED, rou-
tine diagnostic approach had sensitivity of 0.59 (95% CI, 
0.48–0.70), and speci!city of 0.88 (95% CI, 0.87–0.94), 
whereas chest ultrasound had sensitivity of 0.86 (95% CI, 
0.76–0.93), and speci!city of 0.96 (95% CI, 0.92–0.98). 
Detailed performances for each diagnosis are displayed 
in Table 3. Chest ultrasound had higher speci!city than 
routine diagnostic approach for cardiogenic pulmonary 
edema, and chest ultrasound had higher sensitivity than 
routine diagnostic approach for community-acquired 
pneumonia.

Discussion
Here, we found that chest ultrasound had better diag-
nostic performances than routine procedure in a con-
venient sample of elderly ED patients presenting with 
acute respiratory failure. We also found that chest ultra-
sound seems superior to standard ED workup in acute 
respiratory failure with higher speci!city in cardiogenic 
pulmonary edema and higher sensitivity in communi-
ty-acquired pneumonia. Those results are in line with 
previous results using a chest ultrasound strategy in 
younger patients [20,23]. The algorithm we used was 
described by Gallard et al. [20], based on the association 

Table 1 Characteristic at first contact with care provider of the 
included patients

Characteristics Overall population

Age, years 86 ± 5
Sex Men: 34 (38%)/women: 55 (62%)
Heart rate, beats/min 100 ± 24
Systolic blood pressure, mmHg 141 ± 25
Diastolic blood pressure, mmHg 78 ± 22
Respiratory rate, breaths/min 29 ± 3
SpO

2
, % 91 ± 3

Body temperature, ºC 37 ± 0.7
No comorbidity 4 (4%)
Arterial hypertension 62 (70%)
Dyslipidemia 35 (39%)
Congestive heart failure 57 (64%)
Diabetes 12 (13%)
Valvulopathy 19 (21%)
Chronic respiratory disease 31 (35%)

Values are mean ± SD or n (%).

Table 2 Diagnosis of the acute respiratory failure and Cohen’s Kappa coefficient with 95% confidence interval

Diagnosis, n (%) Standard diagnosis approach Chest ultrasonography Adjudication committee

Cardiogenic pulmonary edema 54 (61%) 36 (40.5%) 43 (48%)
κ = 0.40 (0.21–0.58) κ = 0.84 (0.73–0.95)  

Community-acquired pneumonia 6 (7%) 24 (27%) 24 (27%)
κ = 0.33 (0.12–0.53) κ = 0.80 (0.66–0.94)  

COPD 10 (11%) 12 (13.5%) 7 (8%)
κ = 0.42 (0.11–0.73) κ = 0.71 (0.47–0.95)  

Pulmonary embolism 2 (2%) 9 (10%) 5 (5.5%)
κ = 0.56 (0.12–0.99) κ = 0.69 (0.41–0.97)  

Tamponade 1 (1%) 2 (2%) 2 (2%)
κ = 0.66 (0.041–1) κ = 1 (1–1)  

Pleural effusion 0 1 (1%) 1(1%)
κ = 0 κ = 1 (1–1)  

Mixed/others/unknown 16 (18%) 5 (6%) 7 (8%)
κ = 0.13 (0.07–0.43) κ = 0.82 (0.25–0.93)  

Total 89 89 89
0.52 (0.43–0.61) 0.82 (0.75–0.88)  

Cohen’s kappa coefficient was calculated between the emergency department routine approach or chest ultrasonography, and the adjudication committee diagnosis.
COPD, chronic obstructive pulmonary disease.
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of the European Society of Cardiology guidelines [21] 
and Chest ultrasound consensus conference [17]. The 
addition of these two ultrasound techniques was essen-
tial because (1) they were ef!cient for different pathol-
ogies (community-acquired pneumonia, pulmonary 
embolism by example) and (2) lung ultrasound was able 
to reclassify left ventricle !lling pressures when cardiac 
ultrasound was inconclusive due to poor echogenicity. 
Our results are consistent with previous work by Öhman 
et al. who reported that a rapid cardiothoracic ultrasound 
protocol combining echocardiographically derived E/e′ 
and lung ultrasound provided excellent accuracy for 
diagnosing acute heart failure [24]. Their study and ours 
underline that lung and cardiac ultrasonography provide 
complementary information, suggesting that six-point 
lung ultrasound is suf!cient to yield excellent results in 
ED dyspnea evaluation.

Mixed diagnoses were less frequent in our study than in 
a previous one [6]. It could be explained by two facts: 
(1) this previous study didn’t use chest ultrasound which 
improves the diagnosis precision and (2) in our study, this 
item was only selected if it was not possible to deter-
mine which diagnosis was predominant as, for example, 
when community-acquired pneumonia and cardiogenic 
pulmonary edema coexisted. For the same reason, the 
sensitivity of routine approach for community-acquired 
pneumonia diagnosis was poor because of the numerous 
comorbidities in our elderly population.

Pulmonary embolism diagnostic was suspected in nine 
patients after chest ultrasound when pulmonary hyper-
tension and a dilated right ventricle was observed. 
Pulmonary embolism was then con!rmed in !ve patients 
by a thoracic CT scan.

Our study has limitations. First, chest ultrasound was 
performed by a single trained operator, that may have 
impaired the reproducibility and the external validity of 
our !ndings. Second, during most study periods, we did 
not enroll consecutive patients. When ED was particu-
larly busy, or when the single trained operator was una-
vailable, some potentially eligible patients were missed. 
This may have introduced selection bias and preclude 
the realization of a "owchart. Third, because this was a 
pragmatic study, diagnosis tests were at the discretion 
of the ED physician, and CT scan was not required for 

community-acquired pneumonia diagnosis. Fourth, chest 
ultrasound was performed after the routine diagnosis 
procedure, which may have excluded patients with the 
most severe diseases who were admitted in intensive 
care units. Fifth, we did not include an ultrasound com-
pression exam of deep veins during the chest ultrasound 
procedure, while it was part of the study by Laursen et 
al. [23].

Conclusion
Our study showed that chest ultrasound on-add investi-
gation to standard diagnosis approach in elderly patients 
presenting to the ED with acute respiratory failure 
improved diagnosis performance. Impact of chest ultra-
sound on morbimortality in elderly patients with acute 
respiratory failure remains to be assessed.
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Community acquired pneumonia 0.25 (0.08–0.47) 1 (0.89–1) 0.83 (0.62–0.95) 0.83 (0.83–0.98)
COPD 0.57 (0.18–0.90) 0.93 (0.84–0.97) 1 (0.59–1) 0.94 (0.89–0.99)
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Global 0.59 (0.48–0.70) 0.88 (0.87–0.94) 0.86 (0.76–0.93) 0.96 (0.92–0.98)

COPD, chronic obstructive pulmonary disease.
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Syndrome de consolidation alvéolaire = Profil C

Ø 1 syndrome, 2 formes 
§ forme non-translobaire

§ forme translobaire

Ø 1 syndrome, plusieurs pathologies 
§ pneumopathie infectieuse 

§ atélectasie

§ infarctus pulmonaire 

§ néoplasie / métastase pulmonaire

§ contusion pulmonaire

Clinique +++

Pneumopathie infectieuse



bronchogramme statique bronchogramme dynamique

Syndrome de consolidation alvéolaire



AntPost Lat Ant PostLat

Poumon DROIT Poumon GAUCHE

PROFIL AB

Pneum
onie

Pneumopathie infectieuse



Syndrome interstitiel = Profil B

Volpicelli et al. Intensive Care Med 2012

lignes B

multiples = au moins 3 

diffuses = 2 coupes adjacentes

bilatérales

AntPost Lat Ant PostLat

Poumon DROIT Poumon GAUCHE

Pneumopathie infectieuse



Syndrome interstitiel = Profil B

Volpicelli et al. Intensive Care Med 2012

lignes B

multiples = au moins 3 

diffuses = 2 coupes adjacentes

bilatérales

Pneumopathie infectieuse



Profil B
Unilatéral

Consolidation 
Alvéolaire

Profil B
Bilatéral

Profil AB Syndrome
Interstitiel

EPP

AntPost Lat Ant PostLat

Poumon DROIT Poumon GAUCHE

AntPost Lat Ant PostLat

Poumon DROIT Poumon GAUCHE

Pneumopathie Infectieuse



Profil B
Unilatéral

Consolidation 
Alvéolaire

Profil B
Bilatéral

Profil AB Syndrome
Interstitiel

EPP

ETT

PRVG élevées

PRVG non élevées

Insuffisance Cardiaque

Pneumopathie Interstitielle Bilatérale

Pneumopathie infectieuse



Œdème cardiogénique



Insuffisance cardiaque aiguë

patients with advanced HF (15). Thus, the JVP is
useful not only in the assessment of fluid status but
also in identifying patients with higher risk of adverse
outcomes.

HEPATOJUGULAR REFLUX. The HJR is an increase in
JVP by >3 cm sustained during 10 s of continuous
pressure on the abdomen, with an abrupt fall after the
pressure is released (16). Testing for HJR may improve
detection of elevated ventricular filling pressures
because the presence of HJR, in the absence of iso-
lated right ventricular systolic dysfunction, reliably
predicts PCWP >15 mm Hg (17). In a study of 52 pa-
tients referred for cardiac transplantation evaluation,
42% of patients had HJR, and all but 1 of these pa-
tients had PCWP $18 mm Hg. Additionally, there was
good interobserver agreement in the assessment of
HJR (8). In total, these findings suggest that HJR can
be useful in identifying patients with elevated PCWP.

Similar to JVD, the presence of HJR indicates worse
prognosis in patients with HF. In a post hoc analysis

of ESCAPE, patients with persistent versus resolved
HJR on discharge had a higher risk of 6-month mor-
tality (univariate odds ratio: 2.2; 95% confidence in-
terval: 1.2 to 3.9; p ¼ 0.012). Furthermore, those with
HJR and JVD on discharge had higher 6-month mor-
tality compared with those with HJR alone (33.8% vs.
16.7%, respectively; p ¼ 0.045) (18). Thus, evaluation
for both JVD and HJR not only at admission but also at
discharge provides prognostic information in patients
with HF.

ORTHOPNEA. Orthopnea, or dyspnea when supine,
was associated with elevated PCWP in ESCAPE,
whether defined as $28 mm Hg, $30 mm Hg, or $32
mm Hg (7). Both orthopnea and JVD remained asso-
ciated with PCWP $30 mm Hg independent of each
other in multivariable models, suggesting they pro-
vide additive information. As such, during the clinical
examination, we routinely assess our patients for
orthopnea to estimate whether their left ventricular
filling pressures are elevated.

A recent composite “orthodema” score based on
the presence and severity of orthopnea and edema
has been proposed (19). An increased orthodema
score was associated with morbidity and mortality in
patients with HF (19).

RESPONSE TO VALSALVA MANEUVER. The BP
response to the Valsalva maneuver also allows esti-
mation of the PCWP. In healthy individuals, the BP
drops during the strain phase due to a decrease
in pulmonary venous return to the left ventricle.
In contrast, in patients with elevated left-sided filling
pressure, a square-wave pattern of response is seen.
The BP rises with strain and remains stably elevated
throughout the strain, returning to baseline only
when the strain is released. Note that there is no
decrease in BP during the strain despite decreased
pulmonary venous return, as occurs in healthy in-
dividuals, because the left ventricle remains
adequately filled given the pre-strain elevated left

TABLE 1 Practical Tips When Assessing the JVP

1. Start by assessing the patient sitting upright to exclude a very high
JVP, which may be more difficult to detect when at a lower angle.

2. Look for a waveform/pulsation rather than an actual venous
structure. Shining a light tangentially across the neck may help you
see the waveform.

3. If the patient is in bed, excess pillows may flex the neck, making the
jugular veins hard to see; thus, we recommend leaving only 1 pillow.
Slightly tipping the chin upward often improves the visibility of the
jugular waveform.

4. Inspect both sides of the neck because the waveform may be seen
better on either the right or the left. In a small minority of patients,
the jugular venous waveform is seen best in the front of the neck
(i.e., midline above the 2 clavicular heads).

5. If the internal jugular venous waveform is not visible, the external
jugular vein can be used to estimate the JVP. Confirm a
respirophasic component in the external jugular vein before
accepting it as a measure of the JVP.

6. Assess the JVP with the patient at various angles off the horizontal
(e.g., supine, at 30"–45", sitting, or standing) until the pulsation is
visible approximately halfway up the neck. Note that a high JVP can
be hard to see in the supine position so a good practice is to also
look at the neck veins with the patient sitting up.

7. To distinguish the carotid from the jugular venous impulse, apply
pressure with your finger 1–2 inches below the impulse. If the
pulsation disappears, it was the jugular vein; if the pulsation
persists, it was the carotid artery.

8. A respirophasic pattern (typically a decrease with inspiration, but in
some patients the JVP increases with inspiration, known as the
Kussmaul sign) and positional changes (i.e., pulsation moves lower
in the neck when the patient is more upright) also help establish the
waveform as venous rather than arterial.

9. If the JVP does not seem elevated when the patient is supine, press
on the abdomen to determine whether an HJR is present. Note that
in many patients, the JVP will transiently rise (i.e., flicker upward for
1–2 s) when abdominal pressure is first applied but then return to
normal. Although such a finding is not considered a positive HJR,
which requires sustained elevation over 10 s, it will help the
examiner be certain that the maximal height of the jugular venous
column was seen (and the JVP was not underestimated).

HJR ¼ hepatojugular reflux; JVP ¼ jugular venous pressure.

TABLE 2 Utility of Clinical Findings in Detecting PCWP
>22 mm Hg in Patients With Advanced Heart Failure in ESCAPE

Clinical Finding Sensitivity Specificity PPV NPV

Rales $1/3 15 89 69 38

Edema $2þ 41 66 67 40

Orthopnea $2 pillows 86 25 66 51

JVP $12 mm Hg 65 64 75 52

HJR 83 27 65 49

Adapted with permission from Drazner et al. (7).

ESCAPE ¼ Evaluation Study of Congestive Heart Failure and Pulmonary Artery
Catheterization Effectiveness; NPV ¼ negative predictive value; PCWP ¼ pulmo-
nary capillary wedge pressure; PPV¼ positive predictive value; other abbreviations
as in Table 1.
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discharged in profile A did not have increased event
rates after discharge, while the patients at high risk
were thosewhowere dischargedwhile still cold or wet.

The Stevenson profile can also be used to guide
therapy. Occasionally, a patient is admitted to the
hospital with a presumed diagnosis of decompensated
HF, yet the clinical examination suggests that the pa-
tient is compensated (profile A, warm and dry). In such
cases, alternative causes of the patient’s symptoms
need to be considered (e.g., in the appropriate setting,
amiodarone lung toxicity or pneumonia). The Ste-
venson profile can also be used to guide decision-
making as to whether vasodilators or inotropes
should be added to intravenous diuretics in patients
admitted with decompensated HF. In our practice, if a
patient is profile B, we administer diuretics, reasoning

that there is no role for inotropic therapy when
perfusion is adequate. In contrast, if the patient is
profile C, we add either a vasodilator or inotrope to the
diuretics (Figure 1B). Given the challenges in esti-
mating CI (see “Perfusion” section), we recognize that
some patients thought to be profile B are actually
profile C, but we believe this framework is reasonable
when choosing the initial therapeutic approach
in hospitalized patients with decompensated HF.

INTEGRATING NATRIURETIC PEPTIDES WITH

THE CLINICAL EXAMINATION

Even in the absence of clinical findings of congestion,
patients with HF can have elevated left ventricular
filling pressures, a condition called “hemodynamic

CENTRAL ILLUSTRATION Clinical Assessment of Hemodynamics in Patients With Heart Failure

Thibodeau, J.T. et al. J Am Coll Cardiol HF. 2018;6(7):543–51.

This classification incorporates information on whether right- and/or left-sided ventricular filling pressures are estimated to be elevated. Note that both a dispro-
portionately elevated ratio of RAP to PCWP (in the setting of persistently elevated JVD) and a low CI (despite a clinical assessment that the patient is warm) are in the
differential diagnosis for worsening renal function during diuresis. CI ¼ cardiac index; HJR ¼ hepatojugular reflux; JVD ¼ jugular venous distention; PCWP ¼ pulmonary
capillary wedge pressure; RAP ¼ right atrial pressure.
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ventricular filling pressure (20,21). The square-wave
response to the Valsalva maneuver was associated
with the invasively measured PCWP (22–26). The
square-wave response will not be present if there is
isolated elevation in right ventricular filling pressure.
Devices that allow quantitative assessment of BP in
response to the Valsalva maneuver are being tested as
a means of noninvasively determining left ventricular
filling pressures (22,23,27).
BENDOPNEA. Bendopnea, as we recently defined in
an advanced HF population (28), is a symptom of
dyspnea that is elucidated by bending forward at the
waist (Figure 2). Bendopneawas assessed by having the
patient bend forward while sitting in a chair and
touching one’s feet with one’s hands. Concurrently, an
examiner told the patient not to hold his or her breath,
then at 10-s intervals asked the patient if he or she was
experiencing difficulty breathing. Bendopnea was
considered present if dyspnea occurred within 30 s of
bending (28). In the initial study of 102 patients with
systolic HF undergoing right heart catheterization,
bendopnea was present in a sizeable minority of
patients (approximately one-third) and was
associated with increased filling pressures,
particularly in the setting of low CI (28). Four
additional studies have confirmed that bendopnea is
common (18% to 49%) in patients with HF, including
those in a primary care clinic or HF clinic, those
referred for cardiopulmonary exercise testing, and
patients admitted with decompensated HF (29–32).

Bendopnea may have prognostic utility in HF.
Patients with bendopnea had a higher minute venti-
lation to carbon dioxide production (VE/VCO2) slope
(29), which is a validated prognostic marker in HF
(33). In a study of 250 patients admitted with
decompensated HF, bendopnea was associated with
increased 6-month mortality in univariable but not
multivariable analysis (30). In a study of ambulatory
patients with HF, bendopnea was associated with an
increased risk of a composite endpoint at one year of
death, HF admission, inotrope initiation, left ven-
tricular assist device implantation, or cardiac trans-
plantation in univariable but not multivariable
analysis (32). In that study, bendopnea was more
strongly associated with short-term outcomes such as
HF admission at 3 months.

Although bendopnea was associated with elevated
filling pressures in patients with HF, it is not diag-
nostic of HF and may also occur in other disease
processes. For example, bendopnea was reported
with allergic bronchopulmonary aspergillosis (34) and
likely can be present in patients with other pulmo-
nary diseases or in the morbidly obese. These exam-
ples do not minimize the potential importance of

bendopnea in assessing patients with HF, just as the
presence of orthopnea and edema in obese subjects
does not diminish the importance of these classic
signs of HF.

PERFUSION

In addition to assessing volume status, the clinical
examination can be used to assess the adequacy of
perfusion (Figure 1A). Although there are multiple
useful clinical examination findings to determine an
elevated PCWP (see ”Volume status” section), there
are fewer reliable findings to determine a low CI. Such
findings include narrow pulse pressure, cool ex-
tremities, a global assessment of cold made by the
clinician, and possibly bendopnea.

A low pulse pressure (systolic pressure – diastolic
pressure) or a lowproportional pulse pressure [(systolic
pressure – diastolic pressure)/systolic pressure] can be
a marker of a low CI. In a study of 50 patients with
chronic HF undergoing hemodynamic assessment
with right heart catheterization, the proportional pulse
pressure correlated well with CI (r ¼ 0.82; p < 0.001)
(35). However, in ESCAPE, proportional pulse
pressure <25% had good positive predictive values for
low CI, but it was relatively infrequent and was not
significantly associated with CI #2.2 l/min/m2 (7).

There is even less supporting evidence for the
other putative clinical findings of low CI. In ESCAPE,
the clinician’s overall assessment of a cold profile was
significantly associated with CI #2.2 l/min/m2

(odds ratio: 2.97; 95% confidence interval: 1.2 to 7.1;
p ¼ 0.015) (7). As described in the “bendopnea”

FIGURE 2 Assessment of Bendopnea

A patient sits in a chair, bends at the waist, and touches his or
her feet. Bendopnea is considered present if dyspnea occurs
within 30 s of bending.
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Bendopnea
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Table 2
Pooled Test Performance Characteristics for Chest Radiograph and Electrocardiogram Findings

No. of
Studies

No. of
Patients

% AHF
(95% CI)

Sensitivity, %
(95%CI)

Specificity, %
(95%CI)

LR+
(95% CI)

LR!
(95% CI)

Electrocardiogram
Ischemic changes15,51 2 1,138 42.6 (39.8–45.5) 34.0 (29.8–38.4) 84.2 (81.2–86.9) 2.9 (1.2–7.1) 0.78 (0.73–0.84)
T-wave inversion65 1 709 69.4 (65.9–72.7) 10.0 (7.5–13.0) 95.85 (92.3–98.1) 2.4 (1.2–4.8) 0.94 (0.90–0.98)
Atrial fibrillation19,20,36,58,60,65 6 2,242 55.8 (53.7–57.8) 20.5 (18.3–22.9) 89.9 (87.9–91.7) 2.2 (1.4–3.5) 0.88 (0.85–0.91)
ST-depression58,65 2 1,024 60.8 (57.8–63.8) 5.6 (3.9–7.7) 96.5 (94.2–98.1) 2.0 (1.0–3.8) 0.97 (0.95–1.00)
Normal sinus rhythm8,12,62 3 1,207 39.6 (36.9–42.4) 55.4 (50.9–60.0) 17.8 (15.1–20.8) 0.7 (0.5–0.9) 2.88 (1.26–6.57)
ST-elevation58 1 219 61.2 (54.6–67.4) 5.2 (2.1–10.5) 91.8 (83.8–96.6) 0.6 (0.2–1.7) 1.03 (0.96–1.11)

Chest radiograph
Kerley B-lines36,72 2 814 46.8 (43.4–50.2) 9.2 (6.5–12.5) 98.8 (97.3–99.6) 6.5 (2.6–16.2) 0.88 (0.69–1.13)
Interstitial edema15,66,72 3 2,001 48.3 (46.2–50.5) 31.1 (28.2–34.2) 95.1 (93.6–96.3) 6.4 (3.4–12.2) 0.73 (0.68–0.78)
Cephalization8,57,64,66,72 5 1,338 54.0 (51.3–56.6) 44.7 (41.1–48.4) 94.6 (92.6–96.3) 5.6 (2.9–10.4) 0.53 (0.39–0.72)
Alveolar edema15,66,72 3 2,001 48.3 (46.2–50.5) 5.7 (4.7–6.9) 98.9 (98.4–99.3) 5.3 (3.3–8.5) 0.95 (0.94–0.97)
Pulmonary edema*7,8,12,14,16,18–21,23,36,54,57,58,64 15 4,393 46.6 (45.1–48.1) 56.9 (54.7–59.1) 89.2 (87.9–90.4) 4.8 (3.6–6.4) 0.48 (0.39–0.58)
Pleural effusion12,20,58,60,72 5 1,326 55.1 (52.4–57.8) 16.3 (13.7–19.2) 92.8 (90.4–94.7) 2.4 (1.6–3.6) 0.89 (0.80–0.99)
Enlarged cardiac silhouette8,12,15,18,20,21,54,58,60,64–66 12 3,515 51.7 (49.4–52.7) 74.7 (72.9–76.5) 61.7 (59.4–63.9) 2.3 (1.6–3.4) 0.43 (0.36–0.51)

LR+ = positive likelihood ratio; LR! = negative likelihood ratio.
*Refers to generalized pulmonary edema in studies that did not report specifically on both “alveolar edema” and “interstitial edema.”
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Table 3
Pooled Test Performance Characteristics for Natriuretic Peptides

Assay Cutoff (pg/mL) N n
% AHF
(95% CI)

Sensitivity %
(95%CI)

Specificity %
(95%CI)

LR+
(95% CI)

LR!
(95% CI)

BNP
Triage, Biosite 10014,19,35,50,51,55,58,60,66,67,

73–78,82,84,85
19 9,143 44.7 (43.7–45.8) 93.5 (92.6–94.2) 52.9 (51.6–54.2) 2.2 (1.8–2.7) 0.11 (0.07–0.16)

20011,14,19,51,66,73,75–78,84 11 3,279 50.4 (48.7–52.1) 85.9 (84.2–87.6) 72.2 (69.9–74.4) 3.1 (2.3–4.0) 0.18 (0.12–0.27)
50014,51,58,74–78 8 3,915 46.7 (45.1–48.3) 67.7 (65.5–69.9) 89.8 (88.5–91.1) 9.1 (4.1–20.2) 0.34 (0.26–0.45)

AxSym, Abbott 10018,21,36,46 4 684 52.3 (48.6–56.1) 93.3 (90.2–95.7) 53.1 (47.5–58.6) 1.9 (1.5–2.4) 0.15 (0.08–0.29)
iSTAT, Abbott 10085,86 2 585 42.6 (38.6–46.6) 94.4 (90.7–96.9) 64.6 (59.2–69.7) 3.0 (1.2–7.4) 0.05 (0.02–1.23)

NT-proBNP
Elecsys, Roche diagnostic 3007,20,46,64,73,75,77,81,83,87 10 3,498 45.0 (43.4–46.7) 90.4 (88.9–91.8) 38.2 (36.0–40.4) 1.8 (1.4–2.2) 0.09 (0.03–0.34)

1,0007,46,62,73,75,77,81,83 8 2,988 44.8 (43.0–46.6) 84.8 (82.8–86.7) 65.5 (63.2–67.8) 2.7 (1.9–3.9) 0.20 (0.12–0.33)
1,55010,46,61,75,77,79–81,83 9 3,043 37.3 (35.6–39.0) 75.5 (73.4–77.9) 72.9 (70.6–75.0) 3.1 (2.3–4.3) 0.32 (0.20–0.51)

Dimension, Dade Behring 30070 1 401 30.4 (26.0–35.2) 95.9 (90.7–98.6) 48.0 (42.0–54.1) 1.9 (1.6–2.1) 0.09 (0.04–0.20)

AHF = acute heart failure; BNP = B-type natriuretic peptide; LR+ = positive likelihood ratio; LR– = negative likelihood ratio; N = number of studies; n = number of patients; NT-
proBNP = N-terminal proB-type natriuretic peptide.
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The diagnostic workup of AHF starts at the time of the first medi-

cal contact, and is continued throughout the initial patient pathway,
aiming to identify the clinical presentation and to diagnose and
manage any potentially reversible causes/precipitants/coexisting
life-threatening conditions in a timely manner (Figure 6). Diagnostic
tests are outlined at Table 20. In addition to clinical signs and symp-
toms, diagnostic workup includes ECG and echocardiography, if pos-
sible. Additional investigations, i.e. chest X-ray and lung ultrasound
may be used to confirm AHF diagnosis, especially when NP testing is
not available. Plasma NP levels (BNP or NT-proBNP or MR-
proANP) should be measured if the diagnosis is uncertain and a
point-of-care assay is available. Normal concentrations of NPs make
the diagnosis of AHF unlikely. Cut-offs for acute HF are: BNP <100

pg/mL, NT-proBNP <300 pg/mL and MR-proANP <120 pg/
mL.74,433!435 However, elevated NP values are associated with a
wide range of cardiac and non-cardiac conditions (Table 6). Low con-
centrations can be detected in some patients with advanced decom-
pensated end-stage HF, obesity, flash pulmonary oedema or right-
sided AHF. Higher levels can be found in the patients with concomi-
tant AF and/or reduced renal function.74

Among other laboratory tests, troponin is useful for the detection
of acute coronary syndrome (ACS) although elevated levels are
detected in the vast majority of patients with AHF.436!438 Blood urea
nitrogen or urea, serum creatinine, electrolytes (sodium, potassium,
chloride), and antigen carbohydrate 125 may help tailor treat-
ment.439,440 Detection of abnormal liver function identifies patients

Diagnostic workup of new onset acute heart failure

Electrocardiogram
Pulse oximetry
Echocardiography
Initial laboratory investigationsa

Chest X-ray
Lung ultrasound
Other specific evaluationsb

Patient history, signs and/or
symptoms suspected of acute HF

Natriuretic peptide testing

BNP <100 pg/mL
NT-proBNP <300 pg/mL
MR-proANP <120 pg/mL

BNP ≥ 100 pg/mL
NT-proBNP ≥300 pg/mLc

MR-proANP ≥120 pg/mL

Acute heart failure ruled out Acute heart failure confirmed

Comprehensive echocardiography

Figure 6 Diagnostic workup of new onset acute heart failure. ACS = acute coronary syndrome; BNP = B-type natriuretic peptide; CT= computed
tomography; HF= heart failure; MR-proANP = mid-regional pro-atrial natriuretic peptide; NT-proBNP = N-terminal pro-B-type natriuretic peptide; TSH
= thyroid-stimulating hormone. aInitial laboratory exams include troponin, serum creatinine, electrolytes, blood urea nitrogen or urea, TSH, liver function
tests as well as D-dimer and procalcitonin when pulmonary embolism or infection are suspected, arterial blood gas analysis in case of respiratory distress,
and lactate in case of hypoperfusion. bSpecific evaluation includes coronary angiography, in case of suspected ACS, and CT in case of suspected pulmonary
embolism. cRule-in values for the diagnosis of acute HF: >450 pg/mL if aged <55 years, >900 pg/mL if aged between 55 and 75 years and >1800 pg/mL if
aged >75 years.433,434
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Lung ultrasound to diagnose acute heart failure 3

Figure 1 Management of individual patients enrolled in the study. ABG, arterial blood gas analysis; ECG, electrocardiogram; LUS, lung
ultrasound; NT-proBNP, N-terminal pro-B-type natriuretic peptide. (*As reported in the Study protocol paragraph, this includes the complete
medical record except for the lung ultrasound results).

in the LUS group, before CXR and NT-proBNP results were made
available, and, in the CXR/NT-proBNP group, before performance
of LUS. Therefore, although the results of those subsequent tests
could have potentially changed his/her final diagnostic judgment and
patient’s management, the diagnoses recorded immediately after LUS
and CXR/NT-proBNP, respectively, were not affected.

Lung ultrasound was performed by the physician responsible for
patient enrolment and care. We used a curvilinear probe (5–2 MHz)
and a previously described eight-zone scanning protocol.27 Patients
were evaluated in a sitting or semi-recumbent position.5,27 The pres-
ence of three or more B-lines/intercostal space represented a positive
region of increased lung density (i.e. interstitial syndrome). B-lines are
defined as laser-like, vertical, hyperechoic artefacts that arise from the
pleural line, extend to the bottom of the screen without fading, and
move synchronously with lung sliding.27 Bilateral presence of three or
more B-lines in two or more zones was considered diagnostic for dif-
fuse interstitial syndrome. The presence of pleural effusions was also
evaluated.

All LUS evaluations were performed using intermediate-size ultra-
sound devices equipped with three probes (Esaote MyLab5, Esaote
MyLab30 Gold, Esaote MyLab Alpha, and Philips HD7).

NT-proBNP levels were measured using a commercially available
electrochemiluminescence immunoassay (ECLIA; Roche Diagnostics,
Mannheim, Germany).

After the assessment of the integrated diagnosis, the management of
the patient was independent of the arm allocation, and the responsible
physician based diagnostic and therapeutic decisions on the patient’s
clinical needs.

After hospital discharge or death, two expert intensivists/emergency
physicians (A.G. and E.L.), blinded to LUS results and to initial
group assignment, independently reviewed patients’ complete med-
ical records, including summaries with discharge diagnoses. The ..
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. adjudication of ADHF was based on the 2012 European Society of

Cardiology guidelines for heart failure28 (i.e. presence of typical symp-
toms and signs of heart failure resulting from an abnormality of cardiac
structure or function). In case of disagreement, a cardiologist (D.C.)
reviewed the entire medical records and adjudicated the case (Figure 1).

The time needed to convey the integrated diagnosis (clinical evalu-
ation plus LUS or clinical evaluation plus CXR/NT-proBNP) was also
measured and compared in the two groups.

Analysis of data
Descriptive results are presented as numbers and percentages
for categorical variables and mean (± standard deviation, SD) or
median (25th–75th percentiles) for continuous variables. The dis-
tributions of continuous variables are compared by means of the
Wilcoxon–Mann–Whitney test.29

The outcome of our experimental study is a measure of accuracy
of the two combined diagnostic approaches for ADHF diagnosis.
In particular, we estimated sensitivity (SE), specificity (SPE), positive
predictive value (PPV), negative predictive value (NPV), likelihood
ratios, and area under the receiver operating characteristic curve
(AUC ROC).30 ‘Positive’ and ‘negative’ results were considered the
diagnosis of ADHF and non-ADHF, respectively. We compared the
within group difference in accuracy by using the McNemar test for
paired data31 and the between group difference in accuracy by using
the chi-square test.32

In addition, the clinical usefulness of each approach was also evalu-
ated by category-based net reclassification index (NRI), reclassifica-
tion tables,33 and net benefit (NB), using decision curve analysis.34

NRI quantifies how many times the diagnosis changes by virtue of a
new test result. It assesses the diagnostic improvement provided by
each combined diagnostic approach in relation to the initial clinical

© 2019 The Authors
European Journal of Heart Failure © 2019 European Society of Cardiology
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Figure 3 Receiver operating characteristic (ROC) curves and diagnostic accuracy of standard of care acute decompensated heart failure
diagnostic work-up (A), and a diagnostic approach based on clinical evaluation integrated with lung ultrasound (B). (C) Direct comparison
between CXR/NT-proBNP- and LUS-integrated approach. The number of false negatives and false positives was 15 and 17 in the integrated
CXR/NT-proBNP arm, and 8 and 6 in the integrated LUS arm, respectively; ‘integrated evaluation’ refers to results of clinical evaluation
combined with LUS or CXR/NT-proBNP. AUC, area under the ROC curve; iCRX/NT-proBNP, integrated chest radiography/N-terminal
pro-B-type natriuretic peptide; iLUS, integrated lung ultrasound; LR, likelihood ratio; NPV, negative predictive value; PPV, positive predictive
value; SE, sensitivity; SPE, specificity.

© 2019 The Authors
European Journal of Heart Failure © 2019 European Society of Cardiology

RxT / NT-proBNP = 104,5 min

LUS = 5 min

Gain de temps = 95%
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analysis ( Fig 3 ,  Tables 2 ,  3 )       showed that the TUS area 
under the curve (AUC) was better than the LUS AUC 
for the diagnosis of cardiogenic edema ( P   ,  .001), 
pneumonia ( P   ,  .001), and pulmonary embolism 
( P   5  .001). During the testing phase, the ROC analysis 
showed that the LUS AUC was also better for the diag-

  Figure 2  – Comparative diagnostic accuracy. LUS and integrative 
cardiopulmonary ultrasound (TUS) classifi ers were compared against 
the fi nal diagnosis determined by a panel of experts. Data are shown for 
both learning and testing periods. * P   ,  .05. LUS  5  lung ultrasonography; 
TUS  5  thoracic ultrasonography.   

nosis of cardiogenic edema ( P   ,  .001) and pneumonia 
( P   ,  .001) but not for the diagnosis of pulmonary embo-
lism ( P   5  .71) ( Fig 3 ). Of note, the exclusive use of 
LUS patterns to detect cardiac edema (B profi le) was 
highly unreliable because B lines were also detected in 
33% pneumonia cases (ie, false-positive diagnosis) and 
absent in 37% of cardiogenic edema cases (ie, false-
negative diagnosis). A detailed description of this point 
is provided in  e-Table 2 . 

 Computational Aspects 

 Opposite to tree-based diagnostic algorithms, the 
PLS model adequately managed three important issues 
frequently encountered in a large-scale dataset. First, 
the PLS model significantly reduced the observed 
colinearity between variables (e-Table 3). Second, 
missing data were taken into account during the 
analysis phase and elude further exclusion of patients. 
If we focus on the testing population, 7% of pulmo-
nary and 10% of cardiac ultrasonographic data were 
missing at the recording time (e-Table 2). Finally, a 
mixed diagnosis could be accurately assessed using 

  Figure 3  – Diagnostic performances. Receiver operating characteristic curves depicting the relationship between the proportion of true-positive fi ndings 
and the proportion of false-positive fi ndings. Th e isolated LUS and combined cardiopulmonary ultrasound (TUS) approaches are represented for each 
diagnosis. AUC  5  area under the curve. See  Figure 2  legend for expansion of other abbreviations.   

Downloaded From: http://journal.publications.chestnet.org/ on 03/30/2015
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Table 2 Main LUS differences between COVID-19 involvement and other conditions that may yield respiratory symptoms

COVID-19 pneumonia Cardiogenic pulmonary

oedema

ARDS Bacterial pneumonia Chronic interstitial lung dis-

ease (pulmonary fibrosis)

B-lines

Pleural line

Patchy, non-gravity related

distribution

Separated and more often

coalescent

Very defined spared areas

Light beam

Homogeneous, gravity-related

distribution

Usually separated or coalescent

in more severe cases

No spared areas

Patchy, non-gravity-related

distribution

Separated and more often

coalescent

Spared areas

Visible in the case of focal inter-

stitial syndrome

Usually more prevalent at lung

bases

Usually separated B-lines or co-

alescent in more severe cases

Usually no spared areas

Often irregular and ‘fragmented’ Usually thin and regular Irregular and ‘fragmented’ Not visible in the spot of consoli-

dation

Always very irregular in moder-

ate/severe cases

Consolidations

Pleural effusion

Usually small peripheral

consolidations

Larger consolidations in more

advanced phases or with super-

imposed bacterial pneumonia.

Usually not present unless com-

pressive atelectasis with large

pleural effusion

Frequent small peripheral consol-

idations and larger

consolidations

Usually large, hypoechoic or tis-

sue-like

Rarely present and usually small

in acute phases (i.e. alveolitis)

Large pleural effusion rare

Trivial localized pleural effusion in

the context of more deaerated

areas

Frequent, variable size

Trasudate, not complex

appearance

Usually bilateral (often larger on

the right side)

Usually not large Usually not large Rare, unless in very advanced

cases or acute phases

Usually not large
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HF is not a single pathological diagnosis, but a clinical syndrome consisting  of cardinal symptoms (e.g. 

breathlessness, ankle swelling and fatigue) that may be accompanied by signs (e.g. elevated jugular venous 

pressure, pulmonary crackles and peripheral oedema). It is due to a structural and/or functional 

abnormality of the heart that results in elevated intracardiac pressures and/or inadequate cardiac output 

at rest and/or during exercise.
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Pressions de remplissage du VG

C. Valvular Heart Disease

i. Mitral Stenosis. In this condition, transmitral blood flow veloc-
ities and mitral annular dynamics are largely determined by the de-
gree of valvular disease and therefore of limited value as indicators

of LV disease. Typically, patients with mitral stenosis have normal
or reduced LV diastolic pressures, except for the rare occurrence
of coexisting myocardial disease. The same hemodynamic findings
are present in patients with other etiologies of LV inflow obstruc-
tion, such as prosthetic mitral valve, large LA tumor, cor triatriatum

Diastolic 
Dysfunction

In patients with normal LV EF

1-Average E/e’ > 14 
2-Septal e’ velocity < 7 cm/s or
Lateral e’ velocity <10 cm/s
3-TR velocity > 2.8 m/s
4-LA volume index >34ml/m2

>50% 
positive<50% 

positive

Indeterminate Normal Diastolic 
function

50% 
positive

A

B

E/A ≤ 0.8 + E ≤ 50 cm/s

E/A ≤ 0.8 + E > 50 cm/s
or

E/A > 0.8 - <2 E/A ≥ 2 

↑ LAP 
Grade III Diastolic 

Dysfunction

Mitral Inflow

1-Average E/e’ > 14 
2-TR velocity > 2.8 m/s
3-LA Vol. index>34ml/m2

↑ LAP 
Grade II Diastolic 

Dysfunction

Consider CAD, or 
proceed to diastolic 

stress  test

2 of 3 or 3 of 3
Positive

2 of 3 or 3 of 3
Negative

Cannot determine 
LAP and Diastolic 

Dysfunction 
Grade*

3 criteria to be evaluated*

When only 2 criteria are available

2 negative 2 positive1 positive and
1 negative

Normal  LAP
Grade I Diastolic 

Dysfunction

If Symptomatic

(* : LAP indeterminate if only 1 of 3 parameters available. Pulmonary vein S/D ratio <1 applicable to conclude elevated LAP in 
patients with depressed LV EF)

Figure 8 (A) Algorithm for diagnosis of LV diastolic dysfunction in subjects with normal LVEF. (B) Algorithm for estimation of LV filling
pressures and grading LV diastolic function in patients with depressed LVEFs and patients with myocardial disease and normal LVEF
after consideration of clinical and other 2D data.

290 Nagueh et al Journal of the American Society of Echocardiography
April 2016

Nagueh et al, Journal of the American Society of Echocardiography 2016

FeVG altérée 
ou 

FeVG normale + maladie cardiaque

Exclusions :

Ø ACFA 
Ø Maladie mitrale
Ø Assistance VG
Ø BBG
Ø EEV 
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Table 2. Diagnosis analysis 

 

 

 
AUC 

[95% CI] 

Se 

[95% CI] 

Sp 

[95% CI] 

PPV 

[95% CI] 

NPV 

[95% CI] 

PLR 

[95% CI] 

NLR 

[95% CI] 

Non-

classified 

patients 

N (%) 

B-profile 
0.70 

[0.64; 0.77] 

100% 

[0.92; NaN] 

41% 

[28%; 54%] 

53% 

[39%; NaN] 

100% 

[86%; 100%] 

1.7 

[1.4; 2.1] 

0.00 

[0.00; NaN] 
0 (0%) 

MAPSE < 10  
0.64 

[0.55; 0.73] 

38% 

[23%; 55%] 

89% 

[77%; 97%] 

74% 

[53%; 85%] 

65% 

[47%; 86%] 

3.6 

[1.4; 9.0] 

0.70 

[0.53; 0.91] 
0 (0%) 

E/A 
0.82 

[0.67; 0.97] 

70% 

[35%; 93%] 

94% 

[79%; 99%] 

78% 

[47%; 95%] 

91% 

[69%; 99%] 

10.9 

[2.7; 44.0] 

0.32 

[0.12; 0.83] 
62 (60%) 

E/e’ 
0.96 

[0.92; 1.00] 

100% 

[85%; NaN] 

92% 

[79%; 98%] 

88% 

[70%; NaN] 

100% 

[90%; 100%] 

12.7 

[4.3; 37.5] 

0.00 

[0.00; NaN] 
78 (76%) 

Algorithm 
0.94 

[0.88; 1.00] 

96% 

[78%; 100%] 

93% 

[82%; 98%] 

85% 

[67%; 100%] 

98% 

[88%; 100%] 

12.7 

[4.9; 32.7] 

0.05 

[0.01; 0.32] 
27 (26%) 

 

AUC: area under the curve; Se: sensitivity; Sp: specificity; PPV: positive predictive value; 

NPV: negative predictive value; PLR: positive likelihood ratio; NLR: negative likelihood ratio; 

NaN: not a Number; MAPSE: mitral annular plane systolic excursion (in mm). 
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Faisabilité = 74%

AUC = 0.94 (0.88 - 1.00)

Se = 96% (78% - 100%)

Sp = 93% (82% - 98%)

VPP = 85% (67% - 100%)

VPN = 98% (88% - 100%)

LR + = 12.7 (4.9 – 32.7)

LR - = 0.05 (0.01 – 0.32)

§ Nombre de patients limité 

§ Biais de sélection 

§ Variabilité inter et intra-individuelle

§ Algorithme échographique 

N = 27 (26%) 
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No
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Yes
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AUC
(95% CI)

Se
(95% CI)

Sp
(95% CI)

PPV
(95% CI)

NPV
(95% CI)

PLR
(95% CI)

NLR
(95% CI)

Non-
classified 

patients (%)

P 
value

Algorithm with 
DTE 

(165 ms)
0.91 (0.86-0.96) 87 (76-94) 95 (89-98) 92 (82-96) 93 (85-98) 18.1 (7.7-42.8) 0.14 (0.07-0.26) 0 (0)

Algorithm 
without DTE 0.94 (0.90-0.99) 89 (75-96) 100 (96-100) 100 (91-100) 95 (88-100) NC 0,11 (0.05-0.26) 33 (20) 0.35

Insuffisance cardiaque aiguë et Echographie Clinique
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Echographie Pleuro-Pulmonaire – Coupes nécessaires
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Figure 2. ROC curve analysis for the diagnosis of AHF using lateral or anterior LUS positivity in 
the total study population  

 

 
 

Test Result Variable(s) AUC Std. Error 

Asymptotic 95% 
Confidence Interval 

 

p 
Lower Upper  

Lateral LUS positive 0.915 0.023 0.871 0.959  

Anterior LUS positive 0.710 0.043 0.626 0.795 0.0001 
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Lateral vs Antérieur 

§ Lateral lung ultrasound can be safely used to identify 
acute heart failure in all dyspneic patients 

§ Anterior lung ultrasound can be safely used to identify 
acute heart failure in patients with severe/critical 
hypoxemiaLignes B =étude antérieure (et latérale)



Lignes B vs score PAFi

Ø lignes B = 15 min

Ø PAFi = 90 min 

Lignes B = précoce 

Gargani et al. Crit Care Med 2007

Echographie Pleuro-Pulmonaire – Précocité des lignes B



Zone	1

Zone	2

Zone	3

RIGHT	Lung LEFT	Lung

Anterior	Chest Wall	
(zone	1)

UPPER

LOWER

Lateral Wall						
(zone	2)

UPPER

LOWER

Posterolateral	Wall	
(zone	3)

UPPER

LOWER

TOTAL /	36

normal	aeration pulmonary	
consolidation

serious damagemoderate damage pleural	effusion

Markarian et al. CJEM 2019

Echographie Pleuro-Pulmonaire – Score MLUS



AUC = 0,97 (0,92-0,99)

MLUS

Multivariate Analysis

OR (95% CI) p value

Dyslipidemia 0,09 (0-21,53) 0,38

Respiratory rate 1,3 (0,86-1,97) 0,21

Boston score 1,33 (0,56-3,15) 0,52

MLUS > 17 454,89 (9,86-20984) 0,002

Lactate 1,67 (0,47-5,97) 0,43

Markarian et al. CJEM 2019

Lignes B +++ = signe de gravité 

Echographie Pleuro-Pulmonaire – Score MLUS



accurate enough [11]. Bioimpedance estimate of body mass
and water composition by bioelectrical impedance mea-

surements has been proposed to assess fluid overload and

guide HF therapy, [21] however this technique is not
widely available, and its use has been validated mostly in

the non-emergency setting. LUS is a quite feasible bed-side

diagnostic tool for the recognition of cardiogenic pul-
monary edema; by monitoring pulmonary congestion, it

might prove a valuable addition to the management of

these patients. This could apply in particular to patients
with a preserved ejection fraction, estimated to be nearly

half of all cases [22], where the intravenous diuretics

demand may be reduced compared to patients with pure
systolic heart failure [10–24].

In our study, all patients recovered from CPE within a

few hours, as evident from clinical data and LUS. It could
be hypothesized that lack of clearance of an interstitial

syndrome, in the context of a stable or worsening clinical

picture, should raise the suspicion of a hidden underlying
cause that needs to be promptly recognized and treated,

Fig. 3 B-score value at arrival, after 3 and 24 h from initial treatment in upper, middle and lower lung regions

Table 3 Echocardiographyc parameters before discharge

LVDD (mm) 55.2 ± 8.8

LVDV (ml) 149.4 ± 69.4

IVS diameter (mm) 11.6 ± 2.0

FE (%) 39.8 ± 13.2

E/A 1.4 ± 0.6

E/E’ 14.8 ± 5.2

LA Area (cm2) 27.3 ± 6.5

LA Volume 91.9 ± 39.0

TAPSE (mm) 20.0 ± 3.5

PAPs (mmHg) 37.2 ± 9.8

IVC diameter (cm) 1.9 ± 0.2

% reduction IVC during respiration 48.9 ± 16.0

Pericardial effusion % pts (n) 12.2 % (5)

Mitral valve: moderate or severe regurgitation 31.7 % (13)

Mitral valve: moderate or severe stenosis 7.3 % (3)

Aortic valve: moderate or severe regurgitation 17.1 % (7)

Aortic valve: moderate or severe stenosis 4.9 % (2)

Tricuspid valve: moderate or severe regurgitation 19.5 % (8)

Intern Emerg Med

123

Cortellaro et al. Intern Emerg Med 2016 

Lignes B et monitoring 

Echographie Pleuro-Pulmonaire – Monitoring
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can resolve with treatment, especially in patients with heart 
failure.6 7 However, in our systematic review leading to this 
trial, no studies reported an effect of treatment guided by serial 
PoCUS on the severity of dyspnoea.6

The objective of this randomised, controlled trial was to inves-
tigate if therapy guided by monitoring adult ED patients with 
a primary complaint of dyspnoea using serial cardiopulmonary 
PoCUS in addition to usual care could reduce the severity of 
dyspnoea compared with treatment guided by usual care alone 
including a single POCUS exam.

METHODS
Study design and setting
We conducted a randomised, controlled and blinded- outcome 
trial in three EDs in Denmark between 9 October 2019 and 26 
May 2021 (figure 1). The EDs provide 24- hour care and receive 
all acute medical and surgical patients referred from a general 
practitioner or as direct emergency admissions. In Denmark, 
healthcare is tax- funded and thereby provides equal access.

The study was prospectively registered at  ClinicalTrials. gov 
(NCT04091334) and adhered to the Consolidated Standards of 
Reporting Trials guideline.8 9 The published protocol is provided 
in online supplemental appendix S110 and protocol alterations in 
online supplemental appendix S2.

Selection of participants
Patients were recruited over 24 hours all days when an investi-
gator was present in the ED during clinical duty. During the trial 
period of 595 days, patients were screened on 426 of the days 
(72%) and included over 159 days. Patients were eligible for 
inclusion if they: (1) arrived at the ED with a primary complaint 
of dyspnoea (confirmed by asking the patient on arrival); (2) 
were 18 years or older; (3) could provide informed consent and 
(4) the first evaluation of the patient including the first PoCUS 
exam could be done within 1 hour from arrival. No require-
ments regarding vital signs.

Exclusion criteria included: (1) trauma patients; (2) patients 
invasively ventilated within the first hour after arrival and (3) if 
an investigator was not present in the ED.

Randomisation and blinding
Patients in both groups were enrolled within 1 hour from 
arrival at the ED and received the same initial standard eval-
uation, including a PoCUS (figure 1). Patients were allocated 

on 1:1 ratio into the intervention or control group. Patients 
were randomised with Research Electronic Data Capture. Block 
randomisation was employed to ensure balance and reduce bias 
when assigning participants to different treatment groups.11 
The allocation sequence was concealed from the investigators. 
Randomisation was conducted after informed consent but 
before the patient’s first examination. The investigators (MDA, 
SWG, HØP and GT) performed the screening, enrolment, all 
the examinations and treatment adjustments regardless of the 
study group. The investigators were all certified by the same 
PoCUS standards12 and had similar working experience with 
PoCUS (about 5 years).

Intervention
In both groups, the initial assessment consisted of routine phys-
ical examination, medical history, measurement of vital signs, 
blood samples, ABG, CXR and PoCUS (figure 1). In the subse-
quent assessments of the patients 2, 4 and 5 hours from inclu-
sion, usual care consisted of a clinical evaluation of the patients, 
including vital signs and VDS.

In the serial ultrasound group, usual care was supplemented 
by a lung ultrasound (LUS) and a focused cardiac ultrasound 
(FoCUS). LUS and FoCUS were performed according to inter-
national standards,13 14 and a protocol developed for this trial 
(online supplemental appendix S3).10 LUS was performed with 
an 8- zone scanning protocol with the patient in a semi- supine 
position. The investigators looked for B- lines, pleural effusions, 
consolidations and the absence of lung sliding. In the FoCUS, 
the investigators assessed the right ventricle for dilatation, the 
function of the left ventricle, presence of pericardial effusion and 
calculating the inferior vena cava- collapsibility index (IVC- CI). 
The ultrasound was performed with a Venue (General Electric, 
Boston, Massachusetts, USA) or Sonosite X- Porte (FUJIFILM 
Sonosite, Bothell, Washington, USA) with a curvilinear probe 
(2–5 MHz and 1.4–5.7 MHz on the Sonosite and Venue, respec-
tively) and a phased array probe (1–5 MHz and 1.1–4.7 MHz 
on the Sonosite and Venue, respectively). The investigators were 
instructed to adjust the treatment according to clinical parame-
ters as per routine care as well as the serial ultrasound findings, 
for example, to give more diuretics if the clinical presentation 
and/or number of B- lines were the same or increased during the 
subsequent scans and a diagnosis of AHF was suspected (online 
supplemental appendix S1).

Figure 1 Study design and flow. PoCUS, point- of- care ultrasound; US, ultrasound; VDS, verbal dyspnoea scale.
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RESULTS
Characteristics of study subjects
Eligibility was assessed in 436 acute patients (figure 2). Of those, 
206 (47%) patients were included and randomly assigned to the 
serial ultrasound group with 102 patients and the control group 
with 104 patients. The most common cause for patients not being 
included following assessment for study eligibility was absence 
of dyspnoea as the primary complaint during the screening of 
the patients. Most patients were enrolled and managed by two 
investigators in one ED (table 1).

The patients had a median age of 76 years, many were previous 
smokers and had chronic obstructive pulmonary disease or arte-
rial hypertension as the most common comorbidities (table 1, 
online supplemental table S1). More patients in the serial ultra-
sound group had chronic heart failure. Besides dyspnoea, cough 
was the most common complaint. The patients had overall vital 
signs within normal levels.

One- third of patients had bilateral oedema of the legs. On 
the PoCUS, one- third had consolidations or pleural effusions. 
Nearly 80% had B- lines at arrival, and half had reduced ejection 
fraction. The proportion of pathological ultrasound findings was 
higher in the serial ultrasound group.

Main results
Patients in both groups experienced a decline in the severity of 
VDS (figure 3). At 4 and 5 hours from inclusion (measuring the 
effect of the first and the second extra PoCUS, respectively), 
the mean difference in VDS between the patients in the serial 
ultrasound and the control group was −1.09 (95% CI −1.51 to 
−0.66) and −1.66 (95% CI −2.09 to −1.23). In the planned 
subgroup analysis of the primary outcome in patients with a 
presumptive diagnosis of AHF, the difference in VDS at 4 and 
5 hours were −1.52 (95% CI −2.52 to −0.78) and −1.97 (95% 
CI −2.70 to −1.23) (figure 4, online supplemental figure S1). A 
larger proportion of patients received diuretics, inhaled beta2- 
adrenergic agonists and oxygen in the serial ultrasound group 
(online supplemental table S2). However, the difference was 
only significant for diuretics, where patients in the serial group 
received a dose 6–8 times greater at 2 and 4 hours from inclusion 
compared with the control group.

No statistically significant differences were observed between 
the two groups regarding LOS, readmissions within 0–7 and 
8–30 days, in- hospital mortality and 0–7 and 8–30 days mortality 

(table 2). The proportion of the final ED diagnoses in agreement 
with the audit diagnoses was higher in the serial ultrasound group 
(64% vs 59%), but the difference was not statistically significant. 
The final ED diagnoses of AHF were similar in the two groups 
(table 1) and with the audit diagnosis (online supplemental table 
S3). The overall agreement between the raters of the final audit 
diagnoses was 96% (kappa=0.69).

In the serial ultrasound group, the number of B- lines was 
nearly identical between the initial LUS and the second LUS but 
decreased at the final LUS exam (online supplemental figure 
S2A). In a subgroup of patients with a presumptive diagnosis 
of AHF, a similar pattern was found but with a higher median 
number of B- lines (online supplemental figure S2B). IVC- CI 
did not change between the scans (online supplemental figure 
S3) and there was no correlation between B- lines or IVC- CI 
and vital signs or VDS (online supplemental figures S4 and S5). 
The intra- rater and inter- rater reliability of the assessed ultra-
sound clips had an agreement of 96% (kappa=0.91) and 94% 
(kappa=0.87), respectively. Overall median image quality was 4.

DISCUSSION
This randomised trial assessed whether treatment guided by 
serial cardiopulmonary PoCUS in acute adult patients admitted 
with a primary complaint of dyspnoea could shorten the time to 
improvement in symptoms. We found that patients who under-
went repeated PoCUS examinations had greater improvement in 
patient- reported dyspnoea than patients who had only a single 
PoCUS on arrival during their ED visit, with a larger statisti-
cally significant difference in those with AHF. The effect of serial 
PoCUS is likely due to the significantly greater use of diuretics in 
the serial ultrasound group.

The effect of treatment guided by serial ultrasounds was a 
reduction in VDS by 1.23 after 4 hours from inclusion and a 
further reduction by 0.68 after 5 hours. A carry- over effect might 
explain the smaller improvement between hours 4 and 5 besides 
the patient being more stabilised in the later phase. The overall 
effect was primarily driven by the effect of PoCUS in patients 
with AHF, which might be due to the underlying cause of the 
B- lines found in these patients, contrary to B- lines found in 
other conditions, for example, pneumonia. The effect can partly 
be explained by the increasing amount of diuretics administered 
in the serial ultrasound group.

Figure 3 Change in the primary outcome (VDS) between the two groups at the different time points. Data are mean (95% CI). *Inclusion: same 
standard diagnostics in both groups, including LUS and FoCUS. †2 hours: standard care in both groups. In the serial ultrasound group, an extra LUS 
and FoCUS. ‡4 hours: standard care in both groups. In the serial ultrasound group, an extra LUS and FoCUS. §5 hours: same standard care in both 
groups. No ultrasound examinations. FoCUS, focused cardiac ultrasound; LUS, lung ultrasound; VDS, verbal dyspnoea scale.
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We found no difference in LOS, readmissions or short- term 
mortality between groups receiving a single or serial POCUS 
exam. Previous studies conducted in a similar setting using only 
a single PoCUS exam have yielded the same results.5 22 To further 
elucidate the potential impact of PoCUS performed within the 
first hours in the ED on patient prognosis, larger- scale studies 
are needed. However, it is noteworthy that if the final PoCUS 
exam is conducted prior to discharge in patients with AHF, it 
influences mortality and readmission rates.23 24

The diagnostic accuracy of PoCUS was not significantly 
higher in the serial PoCUS group, presumably because an initial 
PoCUS was done in both groups. Still, the number of differential 

diagnoses was lower in the serial PoCUS group indicating that 
PoCUS might help the clinician to refine and narrow the diag-
nostic possibilities. However, we observed a lower overall agree-
ment rate of 64% in our study compared with higher agreement 
rates of 79%–88% reported in comparable studies.5 22 This 
discrepancy could be attributed to differences in the audit 
process. In our study, we used the final ED diagnosis made by 
the treating investigator, whereas the other studies relied on the 
final diagnosis recorded in the medical journal.

Two smaller studies limited to patients with AHF have found 
a correlation between B- lines and RR or VDS.25 26 Although 
this intuitively makes sense, we found no correlation between 

Figure 4 Change in the primary outcome (VDS) in patients with (A) and without a presumptive diagnosis of AHF (B). *Inclusion: same standard 
diagnostics in both groups, including LUS and FoCUS. †2 hours: standard care in both groups. In the serial ultrasound group, an extra LUS and FoCUS. 
‡4 hours: standard care in both groups. In the serial ultrasound group, an extra LUS and FoCUS. §5 hours: same standard care in both groups. No 
ultrasound examinations. AHF, acute heart failure; FoCUS, focused cardiac ultrasound; LUS, lung ultrasound; VDS, verbal dyspnoea scale.
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the number of B- lines or IVC- CI and vital signs or VDS, so the 
patients’ vital signs and clinical status do not necessarily mirror 
the dynamic parameters on the PoCUS or in VDS. This means 
that the clinician cannot solely rely on the vital signs to deter-
mine whom to re- scan.

ED physicians could incorporate serial PoCUS when handling 
patients with dyspnoea, especially patients suspected of fluid 
accumulations in the lungs. These patients could be identified 
upfront with PoCUS as part of a standard clinical evaluation. 
However, as the minimally clinically important difference for 
VDS is 1, which was achieved at the 2- hour evaluation, our trial 
suggests that only one extra PoCUS could be sufficient. Because 
only B- lines and not IVC change in the first couple of hours in 
the ED, the second PoCUS might be limited to a LUS. Although 
serial PoCUS is more time- consuming, the patients are, on the 
other hand, stabilised faster, thereby potentially resulting in 
early disposition.

Limitations
First, most patients were recruited only in one ED and by two 
investigators when they were present, which could influence 
external validity. However, baseline characteristics were similar 
to other comparable studies.2 27 28 Second, despite baseline char-
acteristic imbalances with a higher proportion of patients with 
a history of heart failure in the serial ultrasound group, this 
should not influence the primary outcome because treatment 
decisions were based on the presumptive diagnoses, and the 
final ED diagnosis of AHF was similar in both groups. Third, we 
did not implement a precise algorithm for changes in the ultra-
sound parameters (B- line count and IVC- CI) that should trigger 
a specific treatment as it would have been too complex and 
does not reflect the reality and the setting where the emergency 
physician works. Fourth, the investigator and patients were not 
blinded to the intervention; hence an ‘ultrasound assessment 
placebo effect’ might have influenced the primary outcome in 
the serial PoCUS group because of the intervention itself and the 
more time spent on the patient. Still, randomisation was carried 
out before the first evaluation of the patients to avoid selec-
tion bias, and all patients had a PoCUS done despite allocation. 
The patients in the control group were also exposed to clinical 
judgement and subsequent treatment by the same investigator 
at matching time points as in the serial ultrasound group. Most 
importantly, the outcome assessors were blinded. Fifth, patients 
unable to consent were excluded which could introduce selection 
bias. But, with the chosen primary outcome, it was a prerequisite 
that the patients were mentally cable of assessing their dyspnoea 
on VDS, and another study from Denmark has shown that the 

most acute patients constituted only approximately 6% of all 
patients with dyspnoea.29

CONCLUSION
Our study establishes that serial cardiopulmonary PoCUS serves 
as an effective treatment guide for patients with dyspnoea, 
offering valuable support alongside standard care to alleviate the 
discomfort linked to dyspnoea. Notably, the observed impact 
is predominantly found in patients with AHF. These findings 
endorse the use of serial cardiopulmonary PoCUS as a beneficial 
tool in managing dyspnoea, with particular attention to patients 
with AHF.
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Table 2 Secondary outcomes in serial ultrasound and the control group
Serial ultrasound group (n=102) Control group (n=104) Risk difference (95% CI) P value

Length of hospital stay, days 4 (1–7) 3 (0–6) 3.9 (−9.8 to 17.5) 0.58
Readmissions
  0–7 days 15 (14.7) 10 (9.6) 5.1 (−3.8 to 14.0) 0.26
  8–30 days 15 (14.7) 7 (6.7) 8.0 (−0.4 to 16.4) 0.06
In- hospital mortality 4 (3.9) 4 (3.8) 0.1 (−5.2 to 5.4) 0.98
Mortality
  0–7 days 2 (2.0) 3 (2.9) −0.9 (−5.1 to 3.3) 0.67
  8–30 days 2 (2.0) 2 (1.9) 0.0 (−3.7 to 3.8) 0.98
No. of correct final ED diagnoses 64 (62.7) 59 (56.7) 6.0 (−7.4 to 19.4) 0.38

Data are n (%) or median (IQR).
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08h45 – 09h00 : Accueil des participants 

09h00 – 09h30 : Concept des pressions de remplissage du ventricule gauche

09h30 – 10h30 : Le Ventricule Droit 

10h30 – 11h00 : Pause 

11h00 – 12h00 : Ateliers pratiques 

12h00 – 13h00 : Pause repas 

13h00 – 14h00 : Détresse respiratoire 

14h00 – 15h00 : Etat de choc 

15h00 – 16h00 : Ateliers pratiques 

16h00 – 17h00 : Quizz interactif 


