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Assessing and grading congestion 

found to correlate well with PCWP.90– 92 In addition, an elevated
E/E′ ratio has been shown to predict adverse outcomes in HF in
small series of patients in expert hands and is complementary to
such measurements as BNP and expert clinical assessment.93–95

However, patients with mitral regurgitation were excluded from
these early studies, and in recent studies, the correlation in this
patient subset may be less robust than previously reported.96

Ultrasonography of the lungs using an echocardiographic probe
is another potentially useful way to assess pulmonary congestion.
In patients with pulmonary congestion, images defined as ‘ultra-
sound lung comets’ can be visualized by scanning with cardiac
probes along the intercostal spaces.97 A correlation exists
between the number of ‘ultrasound lung comets,’ pulmonary con-
gestion demonstrated by radiographic signs, interstitial oedema
documented by computed tomography, extravascular lung water
measured by the indicator dilution technique, and PCWP.98,99

Although echocardiography is a simple method of estimating EF
and filling pressures, it is not practical to perform and repeat these
measurements on every patient admitted with HF. Portable ultra-
sound may have promise in routine and serial assessment of HF
patients.100

Thoracic impedance monitoring
Thoracic impedance measurement provided by an external or
implanted device has been investigated in recent years.95 Several
studies have shown that decreasing thoracic impedance correlates
with HF hospitalizations.19,101,102 There are studies ongoing to
determine the clinical effectiveness of outpatient monitoring of

thoracic impedance with the hope of decreasing HF hospitaliz-
ations and improving outcomes. Should these techniques prove
effective, many patients could be evaluated prior to hospital dis-
charge to confirm euvolaemia.103

Blood pool analysis
Another method of assessing volume status is blood volume analy-
sis. This technique uses radioisotopes tagged to red cells or
albumin to directly measure blood volume. It correlates with inva-
sive measurements of cardiac filling pressures in patients present-
ing with decompensated HF.104 –108 This technique has existed for
quite some time, but more clinical trials are needed before it is
used to use this to guide therapy.109

Grading congestion
The above measurements each have their strengths and weak-
nesses. Some measurements are only predictive of congestion in
the context of other congestion findings. Similarly, some measure-
ments predict congestion from right-sided HF, whereas others
predict congestion from left-sided HF or biventricular failure.

A systematic approach to grading congestion would be helpful in
initiating and following response to therapy. Previous scores have
used only clinical examination to evaluate congestion.34,110 We
propose that a combination of available measurements of congestion
be prospectively tested for their ability to predict re-hospitalization
after admission for AHF. Once this is established, therapy for fluid
removal could be adjusted with the goal of reducing the overall
amount of congestion, with re-hospitalization as the measured
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Table 3 Grading congestion

Variable Score

21 0 1 2 3

Bedside assessment

Orthopnoeaa None Mild Moderate Severe/worst

JVP (cm) ,8 and no hepatojugular
reflux

8–10 or
hepatojugular
reflux

11–15 .16

Hepatomegaly Absent in the setting of
normal JVP

Absent Liver edge Moderate pulsatile
enlargement

Massive tender enlargement
extending to midline

Oedema None 1+ 2+ 3+/4+
Laboratory

Natriuretic peptides (one)

BNP ,100 100–299 300–500 .500

NT pro-BNP ,400 400–1500 1500–3000 .3000

Dynamic manoeuvres

Orthostatic
testing

Significant decrease in SBP or
increase in HR

No change in
SBP or HR

No difficulty Mild Moderate Severe/worst

6 min walk test .400 m 300–400 m 200–300 m 100–200 m ,100 m

Valsalva
manoeuvre

Normal response Absent overshoot
pattern

Square wave pattern

Congestion grade: ,1, none; 1–7, mild; 8–14, moderate; 15–20, severe. Oedema, in the absence of other cause of oedema.
aOrthopnoea: 0, absent; mild (use of one pillow); moderate (use of more than one pillow); severe, sleeps in an armchair on in a seated position.
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movement synchronized with respiration that occurs
between the parietal and visceral pleura that are either in
direct apposition or separated by a thin layer of intra-
pleural fluid [6–9]. The lung pulse refers to the subtle
rhythmic movement of the visceral upon the parietal
pleura with cardiac oscillations [6, 8, 10]. As B-lines
(well defined elsewhere) originate from the visceral
pleura, their simple presence proves that the visceral
pleura is opposing the parietal, thus excluding pneumo-
thorax at that point. The lung point refers to the depiction
of the typical pattern of pneumothorax, which is simply
the absence of any sliding or moving B-lines at a physical
location where this pattern consistently transitions into an
area of sliding, which represents the physical limit of
pneumothorax as mapped on the chest wall [7, 11, 12].

In extreme emergency, absence of any movement of
the pleural line, either horizontal (sliding) or vertical
(pulse), coupled with absence of B-lines allows prompt
and safe diagnosis of pneumothorax without the need for
searching the lung point.

Lung ultrasound is more accurate than CXR particu-
larly in ruling out pneumothorax [1, 6, 13–17]. There are
some settings where lung ultrasound for pneumothorax is
not only recommended but also essential: cardiac arrest/
unstable patient, radio-occult pneumothorax, and limited-
resource areas.

Disagreement on the steep learning curve of the
technique is based on the fact that the positive predictive
value of ultrasound and its specificity have tended to be
slightly lower than the sensitivity in the studies on
pneumothorax. Consideration has been made that diag-
nosis of pneumothorax can require more nuanced

interpretation of the combination of findings as lung
bullae, contusions, adhesions, and others that can result in
false positives.

Interstitial syndrome

Artifacts and physics

P-D2-S1 [strong: level not applicable (N/A)]

• B-lines are defined as discrete laser-like vertical
hyperechoic reverberation artifacts that arise from
the pleural line (previously described as ‘‘comet
tails’’), extend to the bottom of the screen without
fading, and move synchronously with lung sliding.

RL-D5-S1 (strong: level N/A)

• B-lines are artifacts.

RL-D5-S2 (strong: level N/A)

• The anatomic and physical basis of B-lines is not
known with certainty at this time.

B-D2-S9 (strong: level N/A)

• The term ‘‘sliding’’ (rather than ‘‘gliding’’) should be
used in the description of pleural movement.

Scanning and training methodology

B-D2-S1 (strong: level A)

• Multiple B-lines are the sonographic sign of lung
interstitial syndrome.

B-D2-S2 (strong: level A)

• In the evaluation of interstitial syndrome, the sono-
graphic technique ideally consists of scanning
eight regions, but two other methods have been
described:

– A more rapid anterior two-region scan may be
sufficient in some cases.

– The evaluation of 28 rib interspaces is an
alternative.

• A positive region is defined by the presence of three or
more B-lines in a longitudinal plane between two ribs.

B-D2-S4 (strong: level B)

• In the evaluation of interstitial syndrome, the follow-
ing suggest a positive exam:

– Two or more positive regions (see B-D2-S2)
bilaterally.

– The 28 rib space technique may semiquantify the
interstitial syndrome: in each rib space, count the

Fig. 1 Flow chart on diagnosing pneumothorax. This flow chart
suggests the correct sequence and combination of the four
sonographic signs useful to rule out or rule in pneumothorax
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number of B-lines from zero to ten, or if confluent,
assess the percentage of the rib space occupied by
B-lines and divide it by ten.

B-D2-S10 (strong: level N/A)

• The term ‘‘B-pattern’’ should be used (rather than
‘‘lung rockets’’ or ‘‘B-PLUS’’) in the description of
multiple B-lines in patients with interstitial syndrome.

B-D2-S3 (strong: level B)

• In the evaluation of interstitial syndrome, lung
ultrasound should be considered as a basic technique
with a steep learning curve.

Clinical implications

P-D5-S1 (strong: level B)

• The presence of multiple diffuse bilateral B-lines
indicates interstitial syndrome. Causes of interstitial
syndrome include the following conditions:

– Pulmonary edema of various causes
– Interstitial pneumonia or pneumonitis
– Diffuse parenchymal lung disease (pulmonary

fibrosis)

P-D2-S2 (strong: level B)

• Regarding B-lines, focal multiple B-lines may be
present in a normal lung, and a focal (localized)
sonographic pattern of interstitial syndrome may be
seen in the presence of any of the following:

– Pneumonia and pneumonitis
– Atelectasis
– Pulmonary contusion
– Pulmonary infarction
– Pleural disease
– Neoplasia

RL-D3-S1 (strong: level B)

• Lung ultrasound is a reliable tool to evaluate diffuse
parenchymal lung disease (pulmonary fibrosis).

• The primary sonographic sign to be identified is the
presence of multiple B-lines in a diffuse and nonho-
mogeneous distribution.

• Pleural line abnormalities are often present.

RL-D3-S2 (strong: level B)

• In patients with diffuse parenchymal lung disease
(pulmonary fibrosis), the distribution of B-lines corre-
lates with computed tomography (CT) signs of fibrosis.

RL-D3-S3 (strong: level B)

• In contrast to cardiogenic pulmonary edema, the
sonographic findings that are indicative of diffuse

parenchymal lung disease (pulmonary fibrosis)
include the following:

– Pleural line abnormalities (irregular, fragmented
pleural line)

– Subpleural abnormalities (small echo-poor areas)
– B-lines in a nonhomogeneous distribution

RL-D3-S4 (strong: level B)

• In contrast to cardiogenic pulmonary edema, the
sonographic findings that are indicative of acute
respiratory distress syndrome (ARDS) include the
following:

– Anterior subpleural consolidations
– Absence or reduction of lung sliding
– ‘‘Spared areas’’ of normal parenchyma
– Pleural line abnormalities (irregular thickened

fragmented pleural line)
– Nonhomogeneous distribution of B-lines

Imaging strategies

B-D2-S5 (strong: level B)

• Lung ultrasound is superior to conventional chest
radiography for ruling in significant interstitial
syndrome.

B-D2-S6 (strong: level B)

• In patients with suspected interstitial syndrome, a
negative lung ultrasound examination is superior to

Fig. 2 The four chest areas per side considered for complete eight-
zone lung ultrasound examination. These areas are used to evaluate
for the presence of interstitial syndrome. Areas 1 and 2 denote the
upper anterior and lower anterior chest areas, respectively. Areas 3
and 4 denote the upper lateral and basal lateral chest areas,
respectively. PSL parasternal line, AAL anterior axillary line, PAL
posterior axillary line (modified from Volpicelli et al. [19])
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necessary to confirm or reject a suspected diagnosis which, if over-
looked, is associated with high morbidity and mortality (e.g. acute
aortic syndrome, acute valvular regurgitation, acute prosthetic
valve dysfunction, acute massive pulmonary embolism, chest
trauma/aortic transection). TEE should also be used as a first
choice test in patients with symptomatic atrial fibrillation/flutter
to facilitate clinical decision-making (e.g. cardioversion).11

Contrast echocardiography
The EAE has recently published recommendations for the clinical
use of contrast echocardiography.12 Evaluation of global and re-
gional systolic performance is often critical, and a good visualiza-
tion of the endocardium with second generation contrast
agents13 improves confidence of the operator in a rapid distinction
between acute heart failure due to systolic and diastolic dysfunc-
tion, in detection and ruling-out of post-infarction left-ventricular
pseudoaneurysm,14 and left-ventricular thrombus formation.15

ContrastQ2 agent may also facilitate diagnosis of aortic dissection.16

In addition, injection of agitated saline may be used to generate
contrast and define the tip of the needle during echo-guided
pericardiocentesis.

Although ultrasound contrast agents have proven utility in the
diagnosis and management of critically ill patients,17–20 there
were concerns regarding the safety of these compounds, particu-
larly in these patients. Recently published studies demonstrated
no mortality increase in patients undergoing contrast echocardiog-
raphy in comparison with patients undergoing
non-contrast-enhanced examinations, including the critically
ill.21– 24

Lung ultrasound examination
In recent years, lung ultrasound (LUS) has been proposed as a
useful point-of-care tool in emergency.25

The LUS examination can be performed with any commercially
available 2-D scanner, including pocket-size devices, by using a
cardiac, convex or microconvex transducer, with the patient in
the near-supine, supine, sitting, or even standing position.

In addition to the detection of pleural effusion, LUS may help in
the diagnosis of acute dyspnoea, allowing the differential identifica-
tion of pneumothorax, pulmonary consolidations, acute respira-
tory distress syndrome, and cardiogenic pulmonary oedema.25

The absence of multiple bilateral B-lines, a sign of increased extra-
vascular lung water, excludes cardiogenic pulmonary oedema with
a negative predictive value close to 100%.26

Use of emergency
echocardiography in different
clinical settings

Emergency room
Patients with cardiovascular emergencies are the most frequently
seen in the emergency room. At this location, three scopes
of emergency echocardiography can be recognized: diagnostic,
symptom or sign-based, and resuscitative.

The first and most commonly utilized scope is ‘diagnostic’. All
acute cardiovascular conditions should be assessed with echo, in-
cluding cardiogenic shock and other shocks of different causes,
chest trauma, acute myocardial infarction and ischaemia, acute pul-
monary embolism, cardiac tamponade, and aortic dissection.

The ‘symptom or sign-based scope’ implies the clarification of
the cause of acute symptoms, like acute chest pain (e.g. differenti-
ation between acute myocardial infarction and aortic dissection),
dyspnoea (e.g. detection of myocardial ischaemia, acute pulmonary
embolism, pericardial effusion, heart valve disease, cardiomyop-
athies), fever (e.g. detection of endocarditis, myocarditis, and peri-
carditis), neurological deficits (e.g. detection of cardiac sources of
embolism, cardiac tumours, or aortic dissection), hypotension (e.g.
detection of acute heart failure, cardiac tamponade, aortic stenosis,
or hypertrophic obstructive cardiomyopathy), or cyanosis (e.g. de-
tection of acute pulmonary embolism or severe shunts).

Finally, emergency echocardiography directly related to an acute
‘resuscitation’ is also possible in the emergency room. In this scen-
ario, detection of pericardial effusion and tamponade, assessment
of global and regional left-ventricular function, right-ventricular
size, check of the central venous volume status and great vessels
may be crucial for acute clinical decision making.

Intensive care units
In the coronary care unit (CCU), intensive care unit (ICU), and the
specialized post-operative cardiac surgery ICU, echocardiography
is the basic imaging technique. In addition to the diagnostic,
symptom or sign-based, and resuscitative categories, emergency
echocardiography in CCU and ICU is established for procedure
guidance, monitoring, and therapeutic control. Thus, echocardiog-
raphy is used to evaluate regional and global left-ventricular func-
tion in patients with acute myocardial ischaemia/infarction
(functional infarction size). It should detect and document the
presence and haemodynamic significance of new pericardial effu-
sion after percutaneous coronary interventions (PCI), electro-
physiological procedures, and pacemaker/device implantations. It
may also be used before primary PCI to identify infarct-related
artery according to the location of asynergy, after elective PCI
for detection of new asynergy indicating periprocedural infarction,
after primary PCI to assess global and regional left-ventricular func-
tion or suspected early stent thrombosis, to detect complications
after acute myocardial infarction (e.g. post-infarction ventricular
septal defect, acute mitral regurgitation, and acute heart failure),
as well as vegetations and/or abscess formation in suspected
endocarditis.

In post-operative cardiac surgery, ICU echocardiography is im-
portant for the detection of early complications (e.g. vessel and
bypass-graft occlusion, early prosthetic dysfunction or endocardi-
tis, paracardiac bleeding, cardiac compression by haematoma,
cardiac tamponade). In addition, pericardiocentesis and pleural
drainage may be guided by echocardiography.

Since patients in ICUs are often put on mechanical ventilation
and therefore have poor TTE images, TEE and contrast echocardi-
ography should be used for better visualization of cardiac struc-
tures and assessment of left-ventricular function.17 –20
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Department of Cardiology, CHU Sart Tilman, Liége, Belgium; 4Department of Anaesthesia and Intensive Care Medicine, University Hospital of Pisa, Pisa, Italy; 52nd Department of
Medicine and Cardiology Center, University of Szeged, Szeged, Hungary; 6Universiteit Ziekenhuis Brussels, CHIREC Braine (Braine l’Alleud), Belgium; 7Uppsala University,
Akademiska sjukhuset, Uppsala, Sweden; 8“Carol Davila” University of Medicine and Pharmacy, Bucharest, Romania; 9Institute of Clinical Physiology, National Research Council, Pisa,
Italy; 10Cardiology Department, University Hospital Ramón y Cajal, Madrid, Spain; and 11Department of Cardiac, Thoracic and Vascular Sciences, University of Padua, Padua, Italy

Received 24 July 2012; accepted after revision 30 August 2012

- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -
Keywords Emergency † Echocardiography

Introduction
It is widely recognized that echocardiography is the single most
versatile and cost-effective imaging technique to assess patients
with unstable cardiovascular diseases. Mobility and relative low
cost of echocardiographic machines, including hand-held devices,
allow their use virtually everywhere.1– 4

In addition, in expert hands, echocardiography may provide in-
stantaneous and comprehensive assessment of cardiac structure
and function as well as haemodynamics, with minimal discomfort
or risk for the patient, without using radiological contrast media
or ionizing radiations. Since the physician who performs echo
may be the same who is managing the patient, the echo data can
be readily used to speed up the decision-making process.

These characteristics make the technique even more attractive
in the emergency setting, since it is safely and easily repeatable
any time there is a change in patient haemodynamics, or a need
to follow-up previously detected abnormalities.

Accordingly, echocardiography is already included into patient
management algorithms for the majority of cardiovascular emer-
gencies. However, although general diagnostic power of echocardi-
ography could be hardly challenged, for an adequate interpretation

in particular clinical situations it is essential to fully understand its
advantages and limitations, in order to reduce the likelihood of po-
tential catastrophic diagnostic and therapeutic errors. The expand-
ing use of echocardiography examinations by non-cardiologists or
cardiologists with insufficient formal training in the emergency
setting urged scientific societies to set standards for optimal edu-
cation and training, and to identify the level of competence in
echocardiography that should be reached by emergency health-
care professionals. Precise and strict requirements need to be
defined in order to ensure the quality and the accuracy of the
data obtained by echocardiography, particularly in the emergency
setting.

Purpose
The purpose of this document is to provide recommendations for
the safe and efficient use of echocardiography to assess patients
presenting with cardiovascular emergencies and to set up/
propose standards for adequate education and training of physi-
cians performing echocardiography in the emergency setting.

In addition, the principles, practical aspects, and specific consid-
erations related to echocardiography in the emergency settings are
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† Former European Association of Echocardiography (EAE).
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When to assess pulmonary congestion 
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Prima e dopo terapia 



AF, 81 anni, CMD, FE 18% 
•  Ammesso per scompenso cardiaco acuto 
•  In terapia con ACEi, beta-bloccanti, anti-aldosteronici, furosemide 
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Anamnesi
Paziente più volte ricoverato presso questo Istituto, l'ultima volta nel maggio 2011 e dimesso con diagnosi di:
"scompenso cardiaco congestizio in paziente con cardiomiopatia dilatativa e severa compromissione della funzione
ventricolare sinistra; insufficienza mitralica moderata, portatore di pacemaker biventricolare, già sottoposto ad
ablazione del nodo atrio-ventricolare; insufficienza renale cronica". Alla dimissione veniva consigliata terapia con
Coumadin 5 mg secondo i valori di INR, Luvion 100 mg 1 cpr/die (ore 15), Lasix 500 mg 1/2 cpr/die (ore 8),
Allopurinolo 300 mg 1/2 cpr/die (ore 22), Congescor 2,5 mg 1/2 cpr/die (ore 8), Liotir VII gtt x 2/die (ore 8-20), KCl
Retard 1 cpr x 3/die per 1 settimana. Da allora riferisce stabilità clinica fino a circa venti giorni fa, quando ha iniziato a
presentare progressivo incremento ponderale di circa 5 Kg ed insorgenza di dispnea parossistica notturna. Si ricovera
in questo Istituto per una rivalutazione clinica.

Diario clinico
Data: 08.07.2011  h: 19:18

Entra in reparto per scompenso cardiaco congestizio. Inizia terapia diuretica ev e
reintegro di NaCL (all'EGA Na+127 mmol/l). Emodinamica stabile.

Diario
Dr. Francesco Sbrana

Data: 08.07.2011  h: 19:42

In terapia: coumadin sec INR, Luvion 100 mg 1 cpr, allopurinolo 300 mg 1/2 cpr,
congescor 1,25 mg 1 cpr, liotir VII gtt x 2. Richedere dieta iposodica + 4 gr di NaCl,
restrizione idrica a 1 l/die.
Solo adesso (FDU) applicare Sol Fis 100 cc + naCl 40 mEq in un ora e (in seconda via)
Sol Fis 100 cc + lasix 250 mg in 10 ore. Grazie.

Terapia medica
Dr. Francesco Sbrana

Data: 08.07.2011  h: 23:15

Diuresi circa 300 cc. Continua infusione di lasix in corso.

Diario
Dr. Pier Giorgio Masci

Data: 09.07.2011  h: 01:32

Il paziente lamenta dispnea. Obiettività: crepitii bibasilari. Sat 02=96% in aria ambiente.
Si aumenta infusione di lasix da 10 a 15 cc (PA=105/70 mmHg). La dispnea, alla luce
anche del dato emogasanalitico e clinico potrebbe essere dovuta ad respiro periodico
centrale. Inizia 02 terapia con occhialini a 2 l

Diario
Dr. Pier Giorgio Masci

Data: 09.07.2011  h: 10:31

l paziente respira meglio, permane edema malleolare e pretibiale. diuresi al momento
2000 ml, si programma lasix ore 18. Per domani esami.

Diario
Dott. Daniele Rovai

Data: 10.07.2011  h: 10:09

EO sostanzialemnte invariato. Incremento ponderale di 900 gr. Applica sol fis 100 cc +
NaCl 60 mg in un ora e a seguire Sol Fis 100 cc + lasix 250 mg in 12 ore.

Diario
Dr. Francesco Sbrana

Azione cardiaca aritmica. Toni parafonici. Soffio sistolico mitralico 2/6 L.
Edema sottopalpebrale bilateralmente. Segni di glossite. Subittero sclerale.
Polsi arteriosi presenti a sede poplitea e femorale, normosfigmici e simmetrici; non valutabili in sede pedidia e tibiale
posteriore.
Non soffi vascolari. Lieve turgore giugulare con riflesso epato-giugulare presente. Presenza di elettrostimolatore a
sede prepettorale sinistra.
Rumore respiratorio ridotto a sede bibasilare. Lieve imbibizione del pannicolo sottuocutaneo a livello del dorso e del
sacro.
Addome trattabile alla palpazione superficiale e profonda; margine inferiore del fegato debordante due dita trasverse
dall'arcata costale in inspirazione profonda. Esiti chirurgici addominali.
Edemi declivi improntabili a livello di gamba bilateralmente. Segni di flebopatia cronica agli arti inferiori.
Peso 86,3 Kg; altezza 184 cm. BMI 25,49. Sup. corporea 2,09. Pressione arteriosa 110/80 mmHg. Polso 70 b.p.m.

Esame obiettivo all'ingresso



Ecocardiogramma 

FE 18% 
E/A 2.8 
E/e’ 17 
IM moderata 
TAPSE 14 mm 
PASP 42 mmHg 
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Retard 1 cpr x 3/die per 1 settimana. Da allora riferisce stabilità clinica fino a circa venti giorni fa, quando ha iniziato a
presentare progressivo incremento ponderale di circa 5 Kg ed insorgenza di dispnea parossistica notturna. Si ricovera
in questo Istituto per una rivalutazione clinica.

Diario clinico
Data: 08.07.2011  h: 19:18

Entra in reparto per scompenso cardiaco congestizio. Inizia terapia diuretica ev e
reintegro di NaCL (all'EGA Na+127 mmol/l). Emodinamica stabile.

Diario
Dr. Francesco Sbrana

Data: 08.07.2011  h: 19:42

In terapia: coumadin sec INR, Luvion 100 mg 1 cpr, allopurinolo 300 mg 1/2 cpr,
congescor 1,25 mg 1 cpr, liotir VII gtt x 2. Richedere dieta iposodica + 4 gr di NaCl,
restrizione idrica a 1 l/die.
Solo adesso (FDU) applicare Sol Fis 100 cc + naCl 40 mEq in un ora e (in seconda via)
Sol Fis 100 cc + lasix 250 mg in 10 ore. Grazie.

Terapia medica
Dr. Francesco Sbrana

Data: 08.07.2011  h: 23:15

Diuresi circa 300 cc. Continua infusione di lasix in corso.

Diario
Dr. Pier Giorgio Masci

Data: 09.07.2011  h: 01:32

Il paziente lamenta dispnea. Obiettività: crepitii bibasilari. Sat 02=96% in aria ambiente.
Si aumenta infusione di lasix da 10 a 15 cc (PA=105/70 mmHg). La dispnea, alla luce
anche del dato emogasanalitico e clinico potrebbe essere dovuta ad respiro periodico
centrale. Inizia 02 terapia con occhialini a 2 l

Diario
Dr. Pier Giorgio Masci

Data: 09.07.2011  h: 10:31

l paziente respira meglio, permane edema malleolare e pretibiale. diuresi al momento
2000 ml, si programma lasix ore 18. Per domani esami.

Diario
Dott. Daniele Rovai

Data: 10.07.2011  h: 10:09

EO sostanzialemnte invariato. Incremento ponderale di 900 gr. Applica sol fis 100 cc +
NaCl 60 mg in un ora e a seguire Sol Fis 100 cc + lasix 250 mg in 12 ore.

Diario
Dr. Francesco Sbrana

Azione cardiaca aritmica. Toni parafonici. Soffio sistolico mitralico 2/6 L.
Edema sottopalpebrale bilateralmente. Segni di glossite. Subittero sclerale.
Polsi arteriosi presenti a sede poplitea e femorale, normosfigmici e simmetrici; non valutabili in sede pedidia e tibiale
posteriore.
Non soffi vascolari. Lieve turgore giugulare con riflesso epato-giugulare presente. Presenza di elettrostimolatore a
sede prepettorale sinistra.
Rumore respiratorio ridotto a sede bibasilare. Lieve imbibizione del pannicolo sottuocutaneo a livello del dorso e del
sacro.
Addome trattabile alla palpazione superficiale e profonda; margine inferiore del fegato debordante due dita trasverse
dall'arcata costale in inspirazione profonda. Esiti chirurgici addominali.
Edemi declivi improntabili a livello di gamba bilateralmente. Segni di flebopatia cronica agli arti inferiori.
Peso 86,3 Kg; altezza 184 cm. BMI 25,49. Sup. corporea 2,09. Pressione arteriosa 110/80 mmHg. Polso 70 b.p.m.

Esame obiettivo all'ingresso

Dispnea in EF 18% 
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Esami strumentali
  Ampiezza 3 (Volt)
  Impedenza 551 (Ohm)
Elettrocatetere Ventricolare Sinistro:
  Ampiezza 3.75 (Volt)
  Impedenza 760 (Ohm)Radiografia del torace:
Note del controllo: Sensign P 2.5 mV, R 10.6 mV. Soglia di stimolazione in atrio: 0.25 V,
RV 0.25 V, LV 0.5 V a 0.4 ms.
Documentazione di TVNS in data 16 luglio 2010 ore 21:29 a ciclo di 330ms e 24 giugno
2010 ore 02:28 a ciclo di 320 ms a paziente asintomatico. ferita chirurgica in ordine.
Conclusioni: Impianto di stimolazione atrio-biventricolare normofunzionante.
Prossima visita: programmato per novembre 2011
Il medico del controllo: U. Startari

Data: 19.07.2011  h: 13:06

Peso: 83.00 Kg - Altezza: 184 cm - Superficie corporea: 2.06 mq - Radice aortica: 33 mm
- Aorta ascendente: 34 mm - Arco aortico: 30 mm - Atrio sinistro: 52 mm - Atrio sinistro 4 -
C Larghezza: 54 mm - Atrio sinistro 4 - C Altezza: 68 mm - Velocità massima aortica: 76
cm/sec - Gradiente massimo aortico: 2.31 mmHg - Insufficienza aortica: Valvolare di
grado Lieve - Diametro ventricolo sinistro in telediastole: 71 mm - Diametro ventricolo
sinistro in telesistole: 66 mm - Frazione di accorciamento: 7.00 % - Frazione di eiezione:
18.00 % - Setto interventricolare in telediastole: 9 mm - Parete posteriore in telediastole: 7
mm - RWT: 0.19  - Massa: 251.00 gr - LVMI: 122.00  - Deceleration time: 134.00 msec -
Velocità massima onda E: 74 cm/sec - Gradiente massimo mitrale: 2.19 mmHg -
Insufficienza mitrale: Valvolare di grado Moderato - Atrio destro: 59 mm - Cava inferiore:
28 mm - Ventricolo destro: 34 mm - Pressione sistolica ventricolo destro: 40 mmHg -
Velocità massima rigurgito tricuspide: 277 cm/sec - Insufficienza tricuspide: Valvolare di
grado: Moderato -

FC 70 bpm, breve episodio di TV (5 battiti)
Diametro della radice aortica nei limiti della norma. Aorta ascendente nei limiti della
norma. Diametro arco aortico nei limiti della norma. Ridotta velocita' di eiezione aortica.
Insufficienza aortica valvolare di grado lieve.  Dilatazione dell'atrio sinistro. Dilatazione del
ventricolo sinistro.  Spessore del setto e della parete posteriore nei limiti della norma
Deceleration time alterato.   Insufficienza mitralica valvolare di grado moderato. TDI
anulus mitralico: E' laterale = 6 cm/sec, E' settale = 4  cm/sec. E/E' = 15 Dilatazione
dell'atrio destro. Dilatazione del ventricolo destro. Presenza di elettrocatetere in ventricolo
destro. Dilatazione della vena cava inferiore con collabimento respiratorio < del 50%.
Insufficienza tricuspidale valvolare di grado moderato.  Pressione sistolica polmonare
calcolata aumentata.
Cinetica basale: Ipocinesia di tutti i segmenti del ventricolo sinistro (movimento da pace-
maker del setto interventricolare e dell'apice). . Ipocinesia della parete libera del ventricolo
destro.TDI sistolico anulus tricuspidale: 5 cm/sec (v.n >= 10 cm/sec). TAPSE = 16 mm
(v.n > 16 mm).

Medico: Emilio Pasanisi

EcocolorDoppler completo

Data: 21.07.2011  h: 09:19

ombra cardiaca ingrandita in toto, peduncolo vascolare slargato, diffuso rinforzo della
trama, sollevamento dell'emidiaframma di sinistra.

Radiografia  Torace a letto



Ecografia polmonare 
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Diario clinico
torace esaminato in decubito supino.

Data: 30.07.2011  h: 11:24

Incremento della creatininemia, si aggiunge idratazione (Sol Fis 1000 cc + aminoacidi
500 cc). Si somministra Lasix 250 mg in 8 ore.  Crepitii alle basi. Risponde agli stimoli
verbali.

Diario
Dott. Emilio Pasanisi

Data: 30.07.2011  h: 20:56

diuresi da stamani buona (1200 cc)

Diario
Dott. Emilio Pasanisi

Data: 31.07.2011  h: 12:11

Paziente scarsamente responsivo. Diuresi 24 ore 2000 ml. Agli esami bioumorali severa
emoconcentrazione (Hb 20.1 g/dL, Hc 57.6%), persistente aumento di azotemia e
creatininemia. L' EGA mostra ipossiemia lieve e lieve acidosi. Si decide per idratazione
(1ml/Kg/ora) 1000 ml di SF in 24 ore + 500 ml di aminoacidi in 24 ore. Non diuretico. Si
posiziona urometro per diuresi oraria e si richiede bilancio idrico delle 24 ore.

Diario
Dott. Danilo Neglia

Data: 01.08.2011  h: 11:39

Elettroliti stabili. Presente tosse produttiva con associati crepitii. Riduce cordarone a 1
cpr/die. Oggi siframin 500 cc, sol fis 500 cc e sol gluc 10% 500 cc in 24 ore. Infonde lasix
250 mg in 8 ore.

Diario
Dott. Luigi Emilio Pastormerlo

Data: 02.08.2011  h: 23:11

Dopo evacuazione riscontro di tracce di sangue vivo nelle feci. Addome trattabile, non
dolente. Borborigmi presenti. Si richiede per domani emocromo di controllo.  Parametri
emodinamici stabili.

Diario
Dott. Umberto Startari

Data: 03.08.2011  h: 11:51

stanotte episodio di melena; si posegue con lo stesso schema di ieri; emocromo stabile;
creatinemia stabile.

Diario
Dott. Luigi Emilio Pastormerlo

Data: 04.08.2011  h: 11:34

paziente stazionario. Sveglio ma disorientato. Difficoltà nell'eloquio. EO: rari rantoli bi-
basilari.  Non edemi declivi. Inizia Claritromicina 250 mg 1 cp x 2.

Diario
Dott.ssa Lucia Venneri

Data: 05.08.2011  h: 11:43

paziente sveglio, più orientato. ALL'EO: fini crepitii bi-basilari. Assenza di edemi declivi.
per lieve ipopotassiemia aumenta dosaggio del Luvion. domani ripete funzione renale ed
elettroliti.

Diario
Dott. Luigi Emilio Pastormerlo

Data: 06.08.2011  h: 10:56

Si sospende siframin. Bilancio idrico di ieri sostanzialmete pari ma con numerose
scariche di diarrea. Compenso emodinamico ok. Domani ripete esami. Non lesioni da
decubito.

Diario
Dott. Luigi Emilio Pastormerlo

Data: 07.08.2011  h: 13:06

Stabile, apiretico, si somministrano oggi 500 SF, 500 Glc 5%, lasix 125, si introduce
terapia con potassio p.o.. Oggi non diarrea. Il paziente riferisce volontà di essere
dimesso presto al proprio domicilio.

Diario
Dr. Andrea Barison



Take-­‐home	
  message	
  

AM, maschio, 57 anni 
FE circa 20%, CMD 

CM, maschio, 32 anni 
FE circa 20%, CMD 

Non invasive PCWP = 23 mmHg 
PASP = 40 mmHg 

Non invasive PCWP = 21 mmHg 
PASP = 38 mmHg 



normal	
  

elevated	
  

elevated	
  

no	
  congesQon	
  

hemodynamic	
  
	
  congesQon	
  

pulmonary	
  
	
  congesQon	
  

Gargani	
  L.	
  Cardiovascular	
  Ultrasound	
  2011;9:6.	
  	
  

Congestione emodinamica vs  
congestione polmonare 



Picano	
  E,	
  Gargani	
  L,	
  Gheorghiade	
  M	
  Heart	
  Fail	
  Rev.	
  2010;15:63-­‐72.	
  	
  

When to assess pulmonary congestion 
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DISCUSSION

In this study, the degree of lung congestion measured by lung
USwas a better predictor of the risk of death and cardiac events
than symptoms of heart failure as assessed by the NYHA score
and provided additional independent information to explain
variation in study outcomes over and above classic risk factors,
serum albumin, phosphate, CRP, and NYHA score. Further-
more, reclassification analysis showed that the inclusion of
estimates of lung congestion by US into a prediction model
based on risk factors listed above significantly improves the
prediction of cardiac events by the same model by 10%.

Pulmonary Water and Heart Disease in ESRD
In hemodialysis patients without apparent pulmonary disease,
carbon oxide transfer is substantially compromised, denoting
subclinical pulmonary edema,18 and the ventilation/perfusion
ratio improves after dialysis, implying reduced extravascular
lung water after fluid subtraction.19 In a study based on a
double indicator dilution technique, predialysis lung water
was 33% higher in asymptomatic dialysis patients without
cardiac disease than in well matched healthy subjects and re-
verted to normal postdialysis.20 These observations were sub-
sequently confirmed in another study based on a modified
optical density dilution and ultrasound velocity technique.21

In a feasibility study in 75 patients, we showed that the mea-
surement of pulmonary water by BL-US has good interobserv-
ers and interprobes reproducibility.15 We also found that most
patients with moderate to severe lung congestion were asymp-
tomatic,15 an observation fully confirmed in this larger cohort
study. Furthermore, we reported that, both before and after
dialysis, BL-US consistently associates with pulmonary

pressure, left atrial volume, and particularly, ejection fraction,
implicating LV dysfunction and volume overload in pulmo-
nary congestion in dialysis patients. Thus, lung US detects
congestion at a preclinical stage in a substantial proportion
of patients, which could be of clinical relevance for the pre-
vention of cardiac events in an elderly population with car-
diomyopathy like the hemodialysis population.

Prognostic Value of Pulmonary Water Measurement
by Lung US
Development of biomarkers for application in clinical practice
is a complex undertaking that demands proof that the bio-
marker reliably reflects the targeted biologic process, evidence
that the biomarker has diagnostic and/or prognostic ability over
and above standard factors, and proper testing in specifically
designedtrialswhere thebiomarker is face to face comparedwith
established indicators of the same biologic process.

BL-US proved to be a strong and independent predictor of
death and incident cardiovascular events22 in patients with
cardiac disease, but whether the BL-US has prognostic power
in other conditions is still unknown. Prognostic biomarkers
should be specifically investigated in the precise population
where they are proposed for clinical application. This process
is particularly true in the hemodialysis population, a popula-
tion with a notoriously high risk for fluid overload. We found
that lung US adds significant prognostic information for death
and cardiovascular events to classic risk factors, the NYHA
score, and powerful risk factors in CKD patients, like hypo-
albuminemia, hyperphosphatemia, and inflammation. In
quantitative terms, the BL-US score significantly increased
by 6% and 5% the explained variation in death rate and car-
diovascular events by a model based on the above-mentioned

Figure 1. Kaplan–Meier survival analyses of all-cause mortality and fatal and nonfatal cardiac events according to the BL-US.
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and cardiovascular events to classic risk factors, the NYHA
score, and powerful risk factors in CKD patients, like hypo-
albuminemia, hyperphosphatemia, and inflammation. In
quantitative terms, the BL-US score significantly increased
by 6% and 5% the explained variation in death rate and car-
diovascular events by a model based on the above-mentioned
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or, alternatively, a curvilinear 2–5-MHz probe was used.
All measurements were made no less than 2 cm caudal
from the junction of the right atrium [26]. The pattern
considered significant for central venous pressure (CVP)
[10 mmHg coincided with diameter [2 cm and absent
or reduced (\40 %) collapsibility, while low CVP
(\5 mm Hg) was diagnosed with diameter \2 cm and
total or enhanced collapsibility ([50 %) [27, 28]. All the
intermediate conditions were considered not diagnostic. A
third condition interpreted as a sign of acute overload was
visualization of spontaneous echo contrast (sludge) or
solid echogenic thrombi [29].

Abdominal views

Free fluids were estimated by a curvilinear 2–5-MHz
probe as detection of anechoic free spaces in the tradi-
tional peritoneal pouch [30]. The anterior-posterior

diameter of the abdominal aorta was measured in the
short axis view, and a measurement [30 mm was con-
sidered a sign of dilation [31].

Leg vein views

The common femoral and popliteal leg veins were
examined for collapsibility in the short axis using a linear
7–12-MHz probe. Absence of collapsibility was consid-
ered diagnostic for intraluminal thrombosis [32]. In case
of a negative examination but strong suspicion of
thrombosis, the bilateral venous waveform was analyzed
by color Doppler to check for asymmetry indicating
proximal obstruction [29].

Each ultrasonographic examination was performed by
following a systematic and standardized sequence: heart,
inferior vena cava, lungs, abdomen and legs veins. If the
cause of hypotension was obvious at any point of the

Table 2 The list of nine possible ultrasound patterns diagnosed in patients admitted for undifferentiated hypotension and the corre-
sponding combination of findings detected at multiorgan point-of-care ultrasonographic evaluation

Ultrasound pattern Organ evaluation Corresponding signs

Hypovolemic Heart Hyperkinetic LVa

Inferior vena cava Diam. \2 cm ? Resp. collapse [50 %a

Lungs A patterna

Abdomen Free fluids/Aortic aneurysma

Distributive Heart Hyperkinetic LV
Inferior vena cava Diam. \2 cm ? Resp. collapse [50 %
Lungs B pattern with consolidation or consolidation

with air bronchogramsb

Hypovolemic/distributive Heart Hyperkinetic LVa

Inferior vena cava Diam. \2 cm ? Resp. collapse [ 50 %a

Lungs A/B patterna

Abdomen Free fluidsa

Obstructive cardiac tamponade Heart Pericard. effusion with tamponade
Obstructive pulmonary embolism Heart Dilated/Hypokinetic RVa

Inferior vena cava Sludge or no respiratory collapse and
max. diam. [2 cma

Lungs A patterna

Peripheral veins Deep vein thrombosisa

Obstructive tension pneumothorax Heart Dilated/Hypokinetic RV
Inferior vena cava Sludge or no respiratory collapse and max.

diam. [2 cm
Lungs No sliding and pulse, no B-lines,

no consolidationb

Cardiogenic Heart Hypokinetic left ventricle
Lungs B patternb

Mixed Pattern where criteria for more
than a single diagnosis are
satisfied (other than
hypovolemic/distributive)

Indefinite Pattern where criteria for a single
diagnosis are not satisfied
or uncertain

LV left ventricle, RV right ventricle
a At least two of these signs
b Necessarily present Volpicelli G et al. Intensive Care Medicine 2013   



accuracy (93.3%). While lung ultrasound alone had the
highest sensitivity (96.2%), its specificity was much lower
(54.0%). A reduced EF showed the lowest sensitivity and
lowest total accuracy (26.4% and 51.1%, respectively),
while BNP at a cut-off value of 100 pg/mL had the lowest
specificity (35.1%).

Discussion
The present study demonstrated that rapid evaluation by
lung-cardiac-inferior vena cava (LCI) integrated ultra-
sound has a higher diagnostic accuracy for differentiat-
ing acute dyspnea due to AHFS from pulmonary acute
dyspnea (including COPD/asthma, pulmonary fibrosis,
and ARDS) compared with lung ultrasound either alone
or in combination with plasma BNP assay. These find-
ings suggest that LCI integrated ultrasound has become
a fundamental tool for diagnostic evaluation of patients
with acute dyspnea and selection of early treatment in
the emergency setting.
Rapid and accurate diagnosis and management can be

lifesaving for patients with acute dyspnea [39]. However,
making a differential diagnosis and selecting early treat-
ment for patients with acute dyspnea in the ED is a

clinical challenge that requires complex decision-making
in order to achieve hemodynamic balance, improve func-
tional capacity, and decrease mortality and the length of
hospital stay [40]. Methods for evaluation of emergency
patients with possible AHFS include the history, physical
examination, chest radiography, 12-lead electrocardiog-
raphy, and measurement of BNP or N-terminal pro-BNP
[5-10]. Among these methods, chest radiography is a
cornerstone in the diagnostic evaluation of acute dys-
pnea. Although chest radiography serves a vital role in
the evaluation of patients with acute dyspnea, including
the identification of various causes, the lack of radio-
graphic signs of congestion does not exclude AHFS
[2,41]. Recently, BNP and N-terminal pro-BNP have
been studied extensively and are frequently used in clin-
ical practice. However, some recent randomized trials on
the use of BNP to aid in diagnosis or serial BNP levels
to dictate therapy in the acute setting found no improve-
ment of diagnostic accuracy or important clinical out-
comes because age, sex, and renal dysfunction have an
impact on natriuretic peptide levels and need to be con-
sidered when test results are interpreted [42,43]. Also,
patients with a history of decompensated HF can have
chronically elevated BNP or N-terminal pro-BNP levels,
making the test inconclusive. In addition, it was reported
that BNP does not reliably distinguish ARDS from AHFS
[44]. In our study, the BNP level of patients with a his-
tory of heart failure who had dyspnea due to pulmonary
disease or ARDS showed no significant difference com-
pared to that of patients with acute dyspnea due to
AHFS, a finding that is in agreement with prior reports
[42,43]. Therefore, among patients with acute dyspnea
(including those with a history of heart failure and those
with ARDS), the baseline BNP level alone could have
various limitations for making a differential diagnosis in
the emergency setting, and further research is needed to
address this issue.
B-lines assessed by lung ultrasound have been proposed

as an easy alternative diagnostic tool for monitoring pul-
monary congestion in AHFS patients [28]. Recently, it
was reported that B-lines alone or B-lines combined with
N-terminal pro-BNP show a high diagnostic accuracy for
differentiating AHFS-related acute dyspnea from that due
to COPD/asthma in the ED [3,41]. However, it is impossible
to differentiate AHFS from bilateral pneumonia, pulmonary
fibrosis, or ARDS by lung ultrasound alone, because al-
though B-lines are a very sensitive sign of cardiogenic pul-
monary edema, this sign is not specific [13]. However, in
the present study, the lung ultrasound in two patients with
pure right-sided heart failure, which was not in association
with left-sided heart failure, showed a false negative, sug-
gesting that B-lines may not be sensitive for pure right-
sided heart failure. Recently, Gargani has suggested that
addition of lung ultrasound to echocardiography provides

Table 2 Plasma BNP, lung ultrasound alone or combined
with BNP, cardiac findings, and the LCI integrated
ultrasound for diagnosis of AHFS

Sensitivity
(%)

Specificity
(%)

NPV
(%)

PPV
(%)

Accuracy
(%)

BNP ≥100 pg/ml 92.4 35.1 76.4 67.1 68.8

Framingham
criteria*

79.2 56.7 65.6 64.6 70.0

Lung ultrasound
alone

96.2 54.0 90.9 75.0 78.8

Both Lung
ultrasound and
BNP (≥100 pg/ml)

88.6 67.6 80.6 79.8 80.0

Reduced EF
(LVEF <40%)

26.4 86.5 45.1 73.7 51.1

MR or TR ≥
moderate

92.4 81.0 88.2 87.5 87.7

IVC collapsibility
<50%

83.0 81.1 76.9 86.3 82.2

Both preserved EF
and MR ≥moderate

56.7 100.0 61.6 100.0 67.0

Both reduced EF
and either MR or
TR ≥moderate

30.1 94.5 48.6 88.9 56.7

Lung-cardiac-inferior
vena cava (LCI)
integrated
ultrasound

94.3 91.9 91.9 94.3 93.3

* Two major or one major and two minor criteria. BNP = brain natriuretic
peptide; LCI = lung-cardiac-inferior vena cava; AHFS = acute heart failure
syndromes; NPV = negative predictive value; PPV = positive predictive value;
LVEF = left ventricular ejection fraction; IVC = inferior vena cava; MR =mitral
regurgitation; TR = tricuspid regurgitation.
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Abstract

Background: Rapid and accurate diagnosis and management can be lifesaving for patients with acute dyspnea.
However, making a differential diagnosis and selecting early treatment for patients with acute dyspnea in the
emergency setting is a clinical challenge that requires complex decision-making in order to achieve hemodynamic
balance, improve functional capacity, and decrease mortality. In the present study, we examined the screening
potential of rapid evaluation by lung-cardiac-inferior vena cava (LCI) integrated ultrasound for differentiating
acute heart failure syndromes (AHFS) from primary pulmonary disease in patients with acute dyspnea in the
emergency setting.

Methods: Between March 2011 and March 2012, 90 consecutive patients (45 women, 78.1 ± 9.9 years) admitted to
the emergency room of our hospital for acute dyspnea were enrolled. Within 30 minutes of admission, all patients
underwent conventional physical examination, rapid ultrasound (lung-cardiac-inferior vena cava [LCI] integrated
ultrasound) examination with a hand-held device, routine laboratory tests, measurement of brain natriuretic
peptide, and chest X-ray in the emergency room.

Results: The final diagnosis was acute dyspnea due to AHFS in 53 patients, acute dyspnea due to pulmonary
disease despite a history of heart failure in 18 patients, and acute dyspnea due to pulmonary disease in 19 patients.
Lung ultrasound alone showed a sensitivity, specificity, negative predictive value, and positive predictive value of
96.2, 54.0, 90.9, and 75.0%, respectively, for differentiating AHFS from pulmonary disease. On the other hand,
LCI integrated ultrasound had a sensitivity, specificity, negative predictive value, and positive predictive value of
94.3, 91.9, 91.9, and 94.3%, respectively.

Conclusions: Our study demonstrated that rapid evaluation by LCI integrated ultrasound is extremely accurate
for differentiating acute dyspnea due to AHFS from that caused by primary pulmonary disease in the
emergency setting.

Keywords: Acute dyspnea, Ultrasound device, Emergency department, Acute heart failure syndromes
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dysfunction but with no evidence of decompensated HF at
admission.

Statistical analysis
Analyses were performed with SAS 9.1 software (SAS
Institute, Cary, North Carolina). Quantitative variables
were compared by using Student’s t-test, and dichotom-
ous variables were compared with the chi-square test.
The area under the receiver operating characteristic
curves and the Youden index were calculated to define
the optimum cut-off value of BNP for differentiating
AHFS from pulmonary disease. The sensitivity, specifi-
city, negative predictive value, and positive predictive
value were calculated according to standard definitions.
Two-tailed P values of less than 0.05 were considered to
indicate a statistically significant difference. All analyses
were performed by an independent biostatistics center
(Statz Institute, Inc., Tokyo, Japan).

Results
Among 90 consecutive patients with acute dyspnea
(45 females, 78.1 ± 9.9 years), the final diagnosis was
acute dyspnea due to AHFS in 53 patients, acute dys-
pnea due to a pulmonary cause despite a history of heart

failure in 18 patients, and acute dyspnea due to a pul-
monary cause in 19 patients. Cardiogenic acute dyspnea
(AHFS) was due to ischemic heart disease, hypertensive
heart disease, valvular heart disease, and idiopathic
dilated cardiomyopathy in 10, 29, 6, and 8 patients, re-
spectively. Non-cardiogenic acute dyspnea was due to
asthma or COPD, pneumonia, pulmonary fibrosis, and
ARDS in 16, 9, 7, and 5 patients, respectively. The main
clinical characteristics of the patients stratified according
to their final diagnoses are shown in Table 1. When
patients with AHFS-related acute dyspnea were compared
to those with pulmonary-related acute dyspnea, both
groups were of a similar age and had a similar rate of prior
hospitalization for HF, but a history of hypertension was
more common in the AHFS group. The plasma BNP level
was significantly higher in the AHFS group than in the
pulmonary group. On the other hand, C-reactive protein
was significantly higher in the pulmonary group than in
the AHFS group.

Relation between plasma BNP and final diagnosis
Patients with acute dyspnea due to AHFS had a BNP level
of 622.0 ± 505.3 pg/ml, which was significantly higher than
the BNP level of 230.7 ± 208.2 pg/ml in patients with a

(A) (B) (C)

Figure 2 Imaging of lung-cardiac-inferior vena cava (LCI) integrated ultrasound. (A) Imaging of the lung ultrasound: Alines (upper)
and B-lines (lower). (B) Imaging of the cardiac ultrasound: Apical long-axis view (upper) and moderate mitral regurgitation (lower). (C) Imaging of
the inferior vena cava ultrasound: Collapsibility ≥ 50% (upper) and < 50% (lower).
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EDITORIAL

Ultrasound lung comets: the shape of lung water
Eugenio Picano* and Luna Gargani
CNR, Institute of Clinical Physiology, 56124 Pisa, Italy

This editorial refers to ‘Utility of lung ultrasound in pre-
dicting pulmonary and cardiac pressures’, by E. Platz
et al., published in this issue on pages 1276–1284.

‘What shape is water?’
‘Water doesn’t have any shape!’ I said, laughing. ‘It takes the shape you
give it’

(Andrea Camilleri, The Shape of Water. Sellerio Editore,
Palermo, 1994)

For a long time, cardiologists thought that the lung was off-limits
for ultrasound, and this is still standard textbook knowledge. In
Harrison’s classical textbook ‘Principles of Internal Medicine’, it is
clearly stated that ‘because ultrasound energy is rapidly dissipated
in air, ultrasound imaging is not useful for evaluation of the pul-
monary parenchyma’.1 However, this is not entirely true, and
lung ultrasound can offer surprising clinical dividends in several
challenging conditions, from pulmonary oedema to interstitial
lung fibrosis, from acute respiratory distress syndrome (ARDS)
to pleural effusion and pulmonary embolism.2 In pulmonary
oedema, the presence of water in the lung opens up the previously
locked pulmonary acoustic window and allows cardiologists to gain
spectacular insight into pulmonary congestion, which can be dir-
ectly imaged and semi-quantified.3 –5 The study by Platz et al.6 con-
firms that B-lines (also called ultrasound lung comets) are a simple,
low-cost, low-technology, practical sign of extravascular lung water
(EVLW). The authors show that correlation with pulmonary pres-
sure is present—but not strong. This is not surprising, is broadly
consistent with previous studies, and can be better understood if
we consider the heterogeneous nature of B-lines, which can
occur in three different conditions: heart failure, ARDS, and lung
interstitial fibrosis.

Watery B-lines in heart failure
In patients with heart failure, a marked increase in pulmonary pres-
sure and pulmonary capillary wedge pressure can cause ultrastruc-
tural changes in the walls of pulmonary capillaries, resulting in
interstitial and alveolar oedema.7 In this model, the presence of
B-lines is a marker of pulmonary congestion (presence of
EVLW), which is somewhat related to increased pulmonary capil-
lary wedge pressure (‘haemodynamic congestion’) and to signs and

symptoms of congestion (‘clinical congestion’). However, this rela-
tionship is not strict, since the three types of congestion measure
different aspects.8 In patients with impending acute heart failure,
there is a long incubation period of days or weeks characterized
by lung water accumulation, and in the congestion cascade, pul-
monary oedema can be detected well before the appearance of
clinical signs of congestion. Detection and treatment of pulmonary
congestion before it is clinically evident may prevent hospitalization
and progression of heart failure.

The correlation between B-lines and invasively assessed pulmon-
ary capillary wedge pressure was moderate (r ¼ 0.48, P , 0.001) in
20 patients studied by Agricola et al. before and after cardiac
surgery, in a particularly favourable setting, with each patient
acting as his/her own control.9 In a larger, unselected population
of 340 inpatients admitted to an adult cardiology department,
Frassi et al. observed a significant but weak correlation between
B-lines and pulmonary artery systolic pressure derived from echo-
cardiography (r ¼ 0.26, P , 0.0001).10 In 75 haemodialysis patients,
Mallamaci et al. reported a mild association with pulmonary pressure
(r ¼ 0.32, P ¼ 0.006).11 The two parameters of pulmonary (B-lines)
and haemodynamic (pulmonary artery systolic or wedge pressure)
congestion are therefore associated, but their correlation is very
limited, as also reported by Platz et al.,6 with an r-value of 0.48. In
everyday practice, a patient can show very variable degrees of
B-lines (from absent to severe) for any given level of pulmonary
artery pressure, depending on the duration of history of heart
failure, speed of changes in pulmonary pressure, concomitant
mitral insufficiency, characteristics of the alveolar–capillary mem-
brane, oncotic pressure, lymphatic drainage capacity, and so on.
On the other hand, a patient can have B-lines without haemodynam-
ic congestion, such as in ARDS and in lung interstitial fibrosis.

Watery B-lines without pulmonary
congestion in acute respiratory
distress syndrome
In the previously described heart failure model, B-lines are usually
accompanied by a rise in E/e′, which is a marker of raised left ven-
tricular filling pressures.10 Another interesting and pathophysio-
logically different model is acute lung injury–acute respiratory
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The use of pocket-size imaging devices: a position
statement of the European Association
of Echocardiography
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Pocket-size imaging devices are a completely new type of echo machines which have recently reached the market. They are very cheap,
smartphone-size hand-held echo machines with limited technical capabilities. The aim of this European Association of Echocardiography
(EAE) position paper is to provide recommendations on the use of pocket-size imaging devices in the clinical arena by profiling the edu-
cational needs of potential users other than cardiologists experts in echo. EAE recommendations about pocket-size imaging devices can
be summarized in: (1) pocket-size imaging devices do not provide a complete diagnostic echocardiographic examination. The range of indi-
cations for their use is therefore limited. (2) Imaging assessment with pocket-size imaging devices should be reported as part of the physical
examination of the patient. Image data should be stored according to the applicable national rules for technical examinations. (3) With the
exception of cardiologists who are certified for transthoracic echocardiography according to national legislation, specific training and certi-
fication is recommended for all users. The certification should be limited to the clinical questions that can potentially be answered by pocket-
size devices. (4) The patient has to be informed that an examination with the current generation of pocket-size imaging devices does not
replace a complete echocardiogram.
- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -
Keywords Echocardiography † Hand-held † Pocket size † Screening † Recommendations † Workflow † Teaching

In the last few years, the miniaturization of echo machines has made
screening of patients at the bedside possible. A wide variety of
machines have been developed: from small, but complete echo
machines with all conventional tools providing two-dimensional
(2D), colour Doppler, and TEE modalities to hand-held imaging
devices with limited technical and/or functional capabilities.1,2

Recent technological advances and price abatement particularly in
the latter type of machines have raised the need for a re-assessment
of their clinical use by the reference community. The aim of this Euro-
pean Association of Echocardiography (EAE) position paper is to
provide recommendations on the use of pocket-size imaging
devices in the clinical arena by profiling the educational needs of
potential users other than cardiologists experts in echo.

The machines
At present, a variety of small echo machines offer features which
make them very similar to the most advanced high-end, high-
performance echo machines. On the other hand, others have only

essential diagnostic modalities, with the advantage of excellent trans-
portability and low cost. Currently available echo machines may be
classified into four main categories (Table 1)3– 8: (1) stationary
high-end systems (i.e. fully equipped systems with 3D and other
advanced modalities). Despite having wheels, they are quite heavy
and not supposed to be moved. (2) Mobile systems, equipped with
standard modalities, but not necessarily all the advanced modalities.
They are smaller than machines in category 1, on wheels, and can be
easily transported inside health-care facilities. (3) Portable machines
that can be carried by a person and usually offer all essential modal-
ities to perform a complete echo study but not all advanced modal-
ities. (4) Pocket-size, hand-held imaging devices.

The following text exclusively refers to pocket-size imaging
devices (category 4) and their current state of capabilities. Rec-
ommendations will be subject to adaptations depending on tech-
nological progress.

Current pocket-size imaging devices offer diagnostic quality 2D
and—in part—colour Doppler imaging in real-time. They come
with a broad-bandwidth, phased array probe (1.7–3.8 MHz). The
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flow sector represents blood flow within an angle of 308. Images
and videos (automatic autocycle without the need for ECG
trace) can be stored in examination folders, recalled via a gallery
function, and transferred to PC or USB throughout a docking
station.

Pocket-size imaging devices are not echo machines and have
been equipped with just 2D and colour Doppler modalities on
purpose. Their technical characteristics may be summarized as:
(i) grey-scale images have a 2D sector angle ,758, depth
,25 cm; (ii) colour flow imaging (available in one product only)
has a fixed colour box size and a fixed pulse repetition frequency;
(iii) measurements are restricted to distances and areas; (iv)
options for patient identification are limited; (v) connectivity
requires dedicated software tools.

Therefore, technical characteristics and image quality are usually
sufficient for the qualitative evaluation of: left and right ventricular
function, pericardial and/or pleural effusion, B-lines evaluated by
lung ultrasound as a sign of extravascular lung water, size and res-
piratory changes of inferior vena cava, and extent of calcification
and motion of aortic cusps.9,10 If available, valve regurgitation can
be assessed by colour Doppler.10

Workflow
Current pocket-size imaging devices should only be considered as
screening tools or used to complement the physical examination
since they do not allow the performance of a complete echocar-
diographic examination.7 This has the potential to deliver a
marked change in cardiac care. Pocket-size devices should comp-
lement the physical examination in outreach clinics, coronary and
intensive care units, and may serve as a tool for fast initial
cardiac assessment in emergency units, during cardiologic counsel-
ling in- or outside health-care facilities and hospitals, for first
cardiac evaluation in ambulances and for screening programmes
in schools, industries, and other community activities.11 Moreover,

pocket-size imaging devices may be used for the triage of the
patient in need of a complete echocardiographic examination.
Pocket-size imaging devices may further become a valuable teach-
ing tool in medical schools (Table 2).

All these applications would allow faster and more accurate
clinical diagnoses, save health-care resources, reduce waiting
lists for inpatient echocardiographic examinations, and improve
teaching by allowing the immediate check of physical signs and
auscultatory findings.12 However, since such devices are so
powerful and are supposed to be used not only by cardiology-
echocardiographists but also by general medicine practitioners,
anesthesiologists, emergency medicine specialists, and internists,
the cost/effectiveness of their clinical use is necessarily linked to
proper training and education of users.11

Training and quality control
Expert (accredited) echocardiographers do not need any training
for the use of pocket-size imaging devices. Conversely, specific
training is recommended for cardiologists not fully conversant
with echocardiography.13 For non-cardiologists and/or other
medical professionals, a dedicated training and revision of basic
cardiac physiology and pathology knowledge should be mandatory.
This appears to be the only way to avoid abuse and potential harm
to patients due to both over- and under-diagnosis of serious heart
diseases.

The EAE promotes the idea of a training specifically tailored to
the information that can be obtained from this new class of devices
as mandatory part of a certification process.14,15 This would ensure
a widespread use of this new technology with certified compe-
tence, avoiding abuse and potential misuse.

Reimbursement in EU countries
Health-care providers and controllers should take into account
this rapid development in ultrasounds technology. Although pol-
icies may differ in certain EU member countries, the position of
the EAE is that current-generation pocket-size imaging devices
do not allow for a complete diagnostic examination and should

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

Table 1 Classification of currently available echo
machines according to their size and functions

Echo machines Capabilities

Stationary high-end systems Full range of standard echo
modalities and measurements
(MM, 2D, PW, CW, Colour, TVI,
TEE), and advances modalities
(3D, contrast)

Mobile (smaller machines on
wheels, middle range
technology)

Full range of standard echo
modalities and measurements
(MM, 2D, PW, CW, Colour, TVI,
TEE)

Portable (small machines that
can be carried by a person)

Basic, standard echo modalities and
measurements (MM, 2D, PW,
CW, Colour)

Hand-held or pocket-size
imaging devices

Limited functions (2D, Colour) and
measurement package

2D, two-dimensional; 3D, three-dimensional; Colour, colour Doppler, CW,
continuous Doppler; MM, M-mode, PW, pulsed Doppler; TVI, tissue velocity
imaging.

Table 2 Summary of indications for pocket-size
devices

1. Complement to a physical examination in the coronary and
intensive care unit

2. Tool for a fast initial screening in an emergency setting

3. Cardiologic counselling in- or outside health-care facilities and
hospitals

4. First cardiac evaluation in ambulances

5. Screening programmes in schools, industry, and community
activities

6. Triaging candidates for a complete echocardiographic examination

7. Teaching tool

8. Semi-quantification of extravascular lung water
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Table 3.  Correlation between different techniques before and after HD

ULCs IVCDimin IVCDimax IVCCI BNP

Before HD
BIS 0.510** 0.534** 0.519** 0.601** 0.419*
ULCs – 0.514** 0.390* 0.444* 0.201
IVCDimin – – 0.900** 0.885** 0.316
IVCDimax – – – 0.964** 0.279
IVCCI – – – – 0.223
BNP – – – – –

After HD
BIS 0.381* 0.364* 0.341* 0.423* 0.480*
ULCs – 0.375* 0.312 0.358 0.220
IVCDimin – – 0.815** 0.830** 0.264
IVCDimax – – – 0.971** 0.308
IVCCI – – – – 0.264
BNP – – – – –

 * 0.001 < p < 0.05; ** p < 0.001.

 © 2013 S. Karger AG, Basel
1664–3828/13/0032–0104$38.00/0 
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 Abstract 
  Background:  Several methods have been developed to assess the hydration status in chron-
ic hemodialysis (HD) patients. The aim of this study was to compare body bioimpedance spec-
troscopy (BIS) with ultrasound (US) lung comet score (ULCs), B-type natriuretic peptide (BNP) 
and inferior vena cava diameter (IVCD) by US for the estimation of dry weight before and af-
ter HD and to analyze all methods in terms of fluid status variations induced by HD. An ad-
ditional aim of this study was to establish the interoperator reproducibility of these methods. 
 Methods:  Two nephrologists evaluated BIS, ULCs, IVCD during inspiration (min) and expiration 
(max), the inferior vena cava collapsibility index (IVCCI) as well as BNP before and after HD in 
30 patients. The same operators measured BIS, ULCs and IVCD in 28 HD patients in a blinded 
fashion.  Results:  There was a significant reduction in BIS, ULCs, IVCD and BNP after HD (p < 
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sion, chest pain, or dyspnea. In patients with 
trauma, this approach is known as FAST (focused 
assessment with sonography for trauma). Point-
of-care ultrasonography allows immediate, dy-
namic, and repeated assessments in these situ-
ations and has the potential for detecting 
conditions such as pneumothorax in which ultra-
sonography was traditionally thought to be un-
helpful. Here we focus on an integrated point-of-
care examination for trauma (FAST), as well as 

the use of point-of-care ultrasonography for pul-
monary assessment.

FAST Examination
FAST was a term coined at an international con-
sensus conference in 1996 to describe an inte-
grated, goal-directed, bedside examination to 
detect fluid, which is likely to be hemorrhage in 
cases of trauma.22 The extended FAST (e-FAST) 
also includes examination of the chest for pneu-
mothorax.23

The e-FAST examination combines five fo-
cused examinations for the detection of: free 
intraperitoneal f luid, free f luid in the pelvis, 
pericardial fluid, pleural effusion, and pneumo-
thorax. Peritoneal fluid is detected using views 
of the hepatorenal space (Morison’s pouch), 
splenorenal space, and retrovesicular spaces. The 
thorax is evaluated for fluid at the flanks and for 
pneumothorax anteriorly. The pericardium may 
be evaluated for effusion, particularly in cases of 
penetrating trauma (see Video 2).

A FAST examination may be completed in 
less than 5 minutes and has been shown to have 
a sensitivity of 73 to 99%, a specificity of 94 to 
98%, and an overall accuracy of 90 to 98% for 
clinically significant intraabdominal injury in 
trauma.24 The use of the FAST examination has 
been shown to reduce the need for CT or diag-
nostic peritoneal lavage and to reduce the time 
to appropriate intervention, resulting in a shorter 
hospital stay, lower costs, and lower overall mor-
tality, although more rigorous study of patient-
centered outcomes is recommended.25,26 A com-
plete or partial FAST examination may also be 
helpful in evaluating patients who do not have 
trauma for ascites, intraperitoneal hemorrhage, 
pleural effusion, pneumothorax, or pericardial 
effusion.

Pulmonary Ultrasonography
The use of ultrasound to detect pneumothorax 
was first described in a horse in 1986, and then 
in humans shortly afterward.27 In a normal lung, 
the visceral and parietal pleura are closely associ-
ated, and ultrasound shows shimmering or sliding 
at the pleural interface during respiration (Fig. 3, 
and Video 3). The absence of sliding indicates a 
pneumothorax. A small pneumothorax may be 
missed with the use of ultrasonography, and pa-
tients with blebs or scarring may have false 
positive findings.28 However, for assessing pa-
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Figure 3. Ultrasound Images of the Pleural Line 
in a Healthy Patient and in a Patient with Alveolar 
 Interstitial Syndrome.

In Panel A, a high-frequency linear probe is placed  
with the indicator toward the patient’s head (screen 
left), in the midclavicular line at approximately the third 
intercostal space. At the posterior edge of the rib, a hy-
perechoic (bright) pleural line is seen, which is the inter-
face between the visceral and parietal pleura. In a mov-
ing image of a normal lung, shimmering or “sliding” 
would be seen at the pleural line, indicating that the 
visceral pleura is closely associated with the parie tal 
pleura. An “A line” (a normal reverberation artifact) is 
also seen. In Panel B, a phased-array sector probe is 
placed at the same anatomical location on a different 
patient. This sector image is much deeper, but it shows 
the same structures, as well as pathological “B lines,” 
artifacts that extend to the bottom of the screen (“lung 
rockets”). This patient had alveolar interstitial syndrome 
from congestive heart failure. (See also Video 3.)
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Ultrasonography is a safe and effective form of imaging that 
has been used by physicians for more than half a century to aid in diagnosis 
and guide procedures. Over the past two decades, ultrasound equipment 

has become more compact, higher quality, and less expensive, which has facilitated 
the growth of point-of-care ultrasonography — that is, ultrasonography performed 
and interpreted by the clinician at the bedside. In 2004, a conference on compact 
ultrasonography hosted by the American Institute of Ultrasound in Medicine (AIUM) 
concluded that “the concept of an ‘ultrasound stethoscope’ is rapidly moving from 
the theoretical to reality.” This conference included representatives from 19 medical 
organizations; in November 2010, the AIUM hosted a similar forum attended by 45 
organizations.1-3 Some medical schools are now beginning to provide their students 
with hand-carried ultrasound equipment for use during clinical rotations.4

Although ionizing radiation from computed tomographic (CT) scanning is in-
creasingly recognized as a potentially major cause of cancer, ultrasonography has 
been used in obstetrics for decades, with no epidemiologic evidence of harmful ef-
fects at normal diagnostic levels.5,6 However, ultrasonography is a user-dependent 
technology, and as usage spreads, there is a need to ensure competence, define the 
benefits of appropriate use, and limit unnecessary imaging and its consequenc-
es.7-10 This article provides an overview of the history and current status of compact, 
point-of-care ultrasonography, with examples and discussion of its use.

His t or y of Ultr asonogr a ph y a nd the Basic Technol ogy

Medical ultrasonography was developed from principles of sonar pioneered in 
World War I,11 and the first sonographic images of a human skull were published 
in 1947.12 The first ultrasound images of abdominal disease were published in 
1958,13 and ultrasonography was widely adopted in radiology, cardiology, and ob-
stetrics over the next several decades. Although clinicians from other specialties 
occasionally reported using ultrasonography, point-of-care ultrasonography did not 
really begin to progress until the 1990s, when more compact and affordable ma-
chines were developed. The early portable machines were hampered by poor image 
quality, but in 2010, many point-of-care units can nearly match the imaging quality 
of the larger machines.

Ultrasound is defined as a frequency above that which humans can hear, or 
more than 20,000 Hz (20 kHz). Therapeutic ultrasound, designed to create heat 
using mechanical sound waves, is typically lower in frequency than diagnostic 
ultrasound and is not discussed in this article. The frequency of diagnostic ultra-
sound is in the millions of Hertz (MHz). Lower-frequency ultrasound has better 
penetration, but at lower resolution. Higher-frequency ultrasound provides better 
images, but it does not visualize deep structures well. A typical transabdominal or 
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Ecografia polmonare 

FROLI / ALDO Cardiologia - S.I.    1055/11

Diario clinico
Data: 15.07.2011  h: 13:10

Alla luce del controllo PM si richeide controllo ECG sec. Holter per valutare ripresa
parziale dell'attività eletrica del Nodo AV.

Diario
Dr. Francesco Sbrana

Data: 16.07.2011  h: 09:16

Variare congescor a 1,25 mg 1 cpr x 2. Grazie.

Terapia medica
Dr. Francesco Sbrana

Data: 16.07.2011  h: 10:32

Buona risposta alle terapia diuretica. elettroliti stabili. Ridotti gli edemi declivi, a livello
toracico rumorer espiratorio con rentoli diffusi mobili con la tosse. Si incrmeneta la
terapia con betabloccante. Oggi e domani infonde Sol Fis 100 cc + NaCL 40 mEq e Lasix
250 mg ev in 12 ore. Oggi coumadin 1 cpr, domani 3/4 cpr. In terapia soulmucol 1
bustina. Domani non esegue esami ematici.

Diario
Dr. Francesco Sbrana

Data: 18.07.2011  h: 11:31

Oggi non si somminsitra coumadin. Domani controllo emocromo anche in relazione al
trauma di questa notte. Ulteriore riduzione del peso corporeo e degli edemi declivi. Oggi
Sol Fis 100 cc + 40 mEq in 4 ore. Oggi lasix 250 mg 1 cpr. Si contattano i Colleghi della
Riabilitazione Cardiologica di Volterra per il trasferimento.

Diario
Dr. Francesco Sbrana

Data: 18.07.2011  h: 14:23

sentita la riabilitazione di Volterra, si richiamerà domani previa conferma del paziente

Diario
Dott. Emilio Pasanisi

Data: 19.07.2011  h: 09:54

ECG sec. Holter in lettura. Oggi tecnicamente non eseguibile il trasferimento a Volterra.
Rifeirsce miglioramento soggettivo. Oggi non assume coumadin per INR > 5. Si richiede
FKT. EO: presenza di crepitii bibasilari. Si riprende lasix 500 mg ev in 24 ore e Sol Fis
100 cc + NaCl 40 mEq in 4 ore.

Diario
Dr. Francesco Sbrana

Data: 20.07.2011  h: 10:59

INR 4,51. Oggi non assume cumadin. Elettroliti in progressivo miglioramento. Non
conserva la diuresi. Oggi infonde lasix 500 mg in 24 ore. Sospende soulmucol.
Emodinamcia stabile. EO: fini crepitii diffusi.

Diario
Dr. Francesco Sbrana

Data: 21.07.2011  h: 11:41

Si richiede Rx torace a letto

Diario
Dr. Francesco Sbrana

Data: 21.07.2011  h: 16:54

Il paziente lamenta dispnea ingravescente. EO: presenza di fini crepitii diffusi.
Tachipnea. Si esegue EGA con riscontro di iponatriemia (sodio 129 mEq/L). All'Rx torace
quadro compatibile con edema polmonare. Si sospende infusione in corso e si applica
Sol Fis 100 cc + NaCl 40 mEq in 1 ora, a metà infusione applica Lasix 250 mg in pompa
siringa in 5 ore. Si posiziona catetere vescicale per il monitoraggio della diuresi.

Diario
Dr. Francesco Sbrana

Data: 21.07.2011  h: 16:57

Sospendere l'infusione in corso. Infondere Sol Fis 100 cc + NaCl 40 mEq in 1 ora e a
metà infusione applicare Lasix 250 mg in pompa siringa in 5 ore. Posizionare catetere
vescicale. Grazie.

Terapia medica
Dr. Francesco Sbrana
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interesting study of a study population also recruited from an outpatient HF clinic, have 211 

discussed the important additional information provided by CTA (i.e. B-lines) in HF. 29 A 212 

thorough comprehensive scheme for examination of 28 thoracic positions in each subject was 213 

used, and a standard Doppler-echocardiography machine was used in the study. In our study, 214 

we used a hand-held device and examined only five specific positions of the chest wall for 215 

CTA and two for pleural effusion. In the report of Miglioranza et al., a cut-off value of 15 216 

CTAs was shown to be optimal for identifying patients with decompensated HF. In our study 217 

a cut-off value of three CTAs was used. In both studies, this corresponds to a minimum of 218 

one CTA found for every two positions scanned, indicating that approximately the same 219 

relative cut-off value was used. Also, our recordings were all made with the patient sitting, 220 

while the subjects in the cited study29 were examined in a recumbent position. Another 221 

important difference was that we did not exclude patients with normal echocardiographic 222 

systolic function. These differences may explain the higher prevalence of pathological 223 

findings in the study presented by Miglioranza et al..  224 

In our study, we also present follow-up data showing that CTA and PE add prognostic 225 

information to that obtained by standard assessment. Volume overload may be easier to 226 

evaluate clinically when right-sided HF is predominant, but a dilated VCI, a marker of 227 

elevated right atrial filling pressures, was not significantly associated with a bad outcome in 228 

our study. According to a report by de Lorenzo et al.22 most of the patients with VCI diameter 229 

above 18 mm, the median diameter seen in the present study, are likely to have increased (> 230 

10 mmHg) right atrial filling pressures, thus indicating that right heart congestion as detected 231 

in our study is less ominous than left heart congestion. However, due to the frequent visits to 232 

the HF clinic, as these patients are assessed for clinical signs of heart failure, right-sided heart 233 

failure/ gross volume overload may be detected earlier and treated more promptly than the 234 

more difficult assessment of lung congestion that is predominant in left ventricle failure. It is 235 
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 6 

· Exclusion criteria: 
- Cancer or other advanced non cardiac disease or comorbidity (e.g. end stage liver failure) imposing a very 
poor short term prognosis 
- Active infections or relevant inter-current disease 
- Inadequate lung scanning and echocardiographic studies 
 
· The LW-US guided intervention: 
Patients will be randomized to a lung-US guided treatment policy or to standard clinical care 
(Figure 2). 

 
 
In patients randomized to the active arm of the study, LW-US will be performed before and after dialysis 
session and their results used to titrate dialysis and drug treatment. 
Patients in this arm with moderate to severe lung congestion (>15 lung comets pre-dialysis) LW 
measurements will be repeated at least once a week until the treatment goal is achieved and once a month 
thereafter and the same (monthly) monitoring frequency will be adopted also in patients without pulmonary 
congestion at predialysis baseline (<15 comets). Furthermore the use of the technique will be allowed 
whenever its application is deemed useful to assume clinical decisions by attending physicians. Patients in 
the active arm of the study without evidence of lung congestion at baseline who will develop pulmonary 
congestion (i.e. clinical signs and/or >15 lung comets) during the trial will receive the same treatment 
contemplated for those with lung congestion at baseline (see Figure 2). 
The treatment goal will be pursued by UF intensification realized either by lengthening the duration of dialysis 
or by extra-dialyses, according to individual tolerance and feasibility. If the treatment goal will not be achieved 
within the first 3-4 weeks or intolerance to UF supervenes, adjustment of drug treatment will be considered 
including the introduction and/or dose adjustments of drugs of proven efficacy like carvedilol and ACE 
inhibitors or angiotensin II blockers, as recommended by a recent consensus document by KDIGO (Kidney Int 
2010; 77: 273–284; see APPENDIX). Other cardiovascular and noncardiovascular medications will be 
maintained unchanged or appropriately adapted in relationship to the individual needs. 
Patients in the control arm of the study will be followed up and managed with standard criteria according to 
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1) Parasternal long axis (video)  
ED IV septum thickness (mm)                     ED IL wall thickness (mm) 
 
ED LV diameter (mm)             ES LV diameter (mm)  
 
ES Aortic root (mm)                       ES LA diameter  
 
 
  
 2) Parasternal long axis with colour on aortic and mitral valve (video) 
Optional:  aortic vena contracta and mitral vena contracta in case the relative 

regurgitation is more than mild (zoomed view) 

 

!) !
3) Parasternal long axis - zoom on LVOT at mid-systole (clip) 

LVOT (mm)  
 

!) !4) Parasternal short axis - papillary muscle view (video) 
 

!) !

5) Parasternal short axis – aortic valve level (video) 

6) Parasternal short axis - aortic valve level – PW RVOT (clip)    
TVI RVOT                         Optional:  colour Doppler (video) on aortic, pulmonary or tricuspid 

valve, if clinically relevant.   Optional: CW on tricuspid valve, if a good spectrum is present (clip). 
 

!) !

7) Apical 4-chamber (video) 
End-diastolic LV volume (mL)                           End-systolic LV volume (mL)  

LA area (cm2)                                                LA volume (mL)  

 

 

!) !

8) Apical 4-chamber with colour on mitral valve (video) 

9) Apical 4-chamber PW on mitral valve (clip) 
E (cm/sec)                                  A (cm/sec)  

DT (msec)                                  IVRT (msec)  

Apical Windows 29

   

The right heart is usually visualized in less detail than the left.

The lateral wall of the left ventricle is on the right; the septal wall
is in the center.

All rights reserved. Usage subject to terms and conditions of license.
Boehmeke, Pocket Atlas of Echocardiography © 2006 Thieme
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Abstract Dyspnea is a common symptom in patients
admitted to the Emergency Department (ED), and dis-

criminating between cardiogenic and non-cardiogenic

dyspnea is often a clinical dilemma. The initial diagnostic
work-up may be inaccurate in defining the etiology and the

underlying pathophysiology. The aim of this study was to

evaluate the diagnostic accuracy and reproducibility of
pleural and lung ultrasound (PLUS), performed by emer-

gency physicians at the time of a patient’s initial evaluation

in the ED, in identifying cardiac causes of acute dyspnea.
Between February and July 2007, 56 patients presenting to

the ED with acute dyspnea were prospectively enrolled in

this study. In all patients, PLUS was performed by emer-
gency physicians with the purpose of identifying the

presence of diffuse alveolar-interstitial syndrome (AIS) or

pleural effusion. All scans were later reviewed by two other
emergency physicians, expert in PLUS and blinded to

clinical parameters, who were the ultimate judges of pos-

itivity for diffuse AIS and pleural effusion. A random set of
80 recorded scannings were also reviewed by two inex-

perienced observers to assess inter-observer variability.

The entire medical record was independently reviewed by
two expert physicians (an emergency medicine physician

and a cardiologist) blinded to the ultrasound (US) results,

in order to determine whether, for each patient, dyspnea
was due to heart failure, or not. Sensitivity, specificity, and

positive/negative predictive values were obtained; likeli-

hood ratio (LR) test was used. Cohen’s kappa was used to
assess inter-observer agreement. The presence of diffuse

AIS was highly predictive for cardiogenic dyspnea (sen-

sitivity 93.6%, specificity 84%, positive predictive value
87.9%, negative predictive value 91.3%). On the contrary,

US detection of pleural effusion was not helpful in the

differential diagnosis (sensitivity 83.9%, specificity 52%,
positive predictive value 68.4%, negative predictive value

72.2%). Finally, the coexistence of diffuse AIS and pleural

effusion is less accurate than diffuse AIS alone for car-
diogenic dyspnea (sensitivity 81.5%, specificity 82.8%,

positive predictive value 81.5%, negative predictive value

82.8%). The positive LR was 5.8 for AIS [95% confidence
interval (CI) 4.8–7.1] and 1.7 (95% CI 1.2–2.6) for pleural

effusion, negative LR resulted 0.1 (95% CI 0.0–0.4) for
AIS and 0.3 (95% CI 0.1–0.8) for pleural effusion.

Agreement between experienced and inexperienced oper-

ators was 92.2% (p\ 0.01) and 95% (p\ 0.01) for diag-
nosis of AIS and pleural effusion, respectively. In early

evaluation of patients presenting to the ED with dyspnea,

PLUS, performed with the purpose of identifying diffuse
AIS, may represent an accurate and reproducible bedside

tool in discriminating between cardiogenic and non-car-

diogenic dyspnea. On the contrary, US detection of pleural
effusions does not allow reliable discrimination between

different causes of acute dyspnea in unselected ED

patients.
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Combination of lung ultrasound (a comet-tail
sign) and N-terminal pro-brain natriuretic peptide
in differentiating acute heart failure from chronic
obstructive pulmonary disease and asthma as
cause of acute dyspnea in prehospital
emergency setting
Gregor Prosen1,2, Petra Klemen1,2,3, Matej Strnad1,2 and Štefek Grmec1,2,3,4*

Abstract

Introduction: We studied the diagnostic accuracy of bedside lung ultrasound (the presence of a comet-tail sign),
N-terminal pro-brain natriuretic peptide (NT-proBNP) and clinical assessment (according to the modified Boston
criteria) in differentiating heart failure (HF)-related acute dyspnea from pulmonary (chronic obstructive pulmonary
disease (COPD)/asthma)-related acute dyspnea in the prehospital setting.

Methods: Our prospective study was performed at the Center for Emergency Medicine, Maribor, Slovenia, between
July 2007 and April 2010. Two groups of patients were compared: a HF-related acute dyspnea group (n = 129) and
a pulmonary (asthma/COPD)-related acute dyspnea group (n = 89). All patients underwent lung ultrasound
examinations, along with basic laboratory testing, rapid NT-proBNP testing and chest X-rays.

Results: The ultrasound comet-tail sign has 100% sensitivity, 95% specificity, 100% negative predictive value (NPV)
and 96% positive predictive value (PPV) for the diagnosis of HF. NT-proBNP (cutoff point 1,000 pg/mL) has 92%
sensitivity, 89% specificity, 86% NPV and 90% PPV. The Boston modified criteria have 85% sensitivity, 86% specificity,
80% NPV and 90% PPV. In comparing the three methods, we found significant differences between ultrasound sign
and (1) NT-proBNP (P < 0.05) and (2) Boston modified criteria (P < 0.05). The combination of ultrasound sign and
NT-proBNP has 100% sensitivity, 100% specificity, 100% NPV and 100% PPV. With the use of ultrasound, we can
exclude HF in patients with pulmonary-related dyspnea who have positive NT-proBNP (> 1,000 pg/mL) and a
history of HF.

Conclusions: An ultrasound comet-tail sign alone or in combination with NT-proBNP has high diagnostic accuracy
in differentiating acute HF-related from COPD/asthma-related causes of acute dyspnea in the prehospital
emergency setting.

Trial registration: ClinicalTrials.gov NCT01235182.
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Emergency Thoracic Ultrasound in the
Differentiation of the Etiology of Shortness of
Breath (ETUDES): Sonographic B-lines and
N-terminal Pro-brain-type Natriuretic Peptide
in Diagnosing Congestive Heart Failure
Andrew S. Liteplo, MD, RDMS, Keith A. Marill, MD, Tomas Villen, MD, Robert M. Miller, MD,
Alice F. Murray, MBChB, Peter E. Croft, BS, Roberta Capp, MD, and Vicki E. Noble, MD, RDMS

Abstract
Objectives: Sonographic thoracic B-lines and N-terminal pro-brain-type natriuretic peptide
(NT-ProBNP) have been shown to help differentiate between congestive heart failure (CHF) and chronic
obstructive pulmonary disease (COPD). The authors hypothesized that ultrasound (US) could be used
to predict CHF and that it would provide additional predictive information when combined with
NT-ProBNP. They also sought to determine optimal two- and eight-zone scanning protocols when differ-
ent thresholds for a positive scan were used.

Methods: This was a prospective, observational study of a convenience sample of adult patients present-
ing to the emergency department (ED) with shortness of breath. Each patient had an eight-zone thoracic
US performed by one of five sonographers, and serum NT-ProBNP levels were measured. Chart review
by two physicians blinded to the US results served as the criterion standard. The operating characteris-
tics of two- and eight-zone thoracic US alone, compared to, and combined with NT-ProBNP test results
for predicting CHF were calculated using both dichotomous and interval likelihood ratios (LRs).

Results: One-hundred patients were enrolled. Six were excluded because of incomplete data. Results of
94 patients were analyzed. A positive eight-zone US, defined as at least two positive zones on each side,
had a positive likelihood ratio (LR+) of 3.88 (99% confidence interval [CI] = 1.55 to 9.73) and a negative
likelihood ratio (LR)) of 0.5 (95% CI = 0.30 to 0.82), while the NT-ProBNP demonstrated a LR+ of 2.3
(95% CI = 1.41 to 3.76) and LR) of 0.24 (95% CI = 0.09 to 0.66). Using interval LRs for the eight-zone US
test alone, the LR for a totally positive test (all eight zones positive) was infinite and for a totally negative
test (no zones positive) was 0.22 (95% CI = 0.06 to 0.80). For two-zone US, interval LRs were 4.73 (95%
CI = 2.10 to 10.63) when inferior lateral zones were positive bilaterally and 0.3 (95% CI = 0.13 to 0.71)
when these were negative. These changed to 8.04 (95% CI = 1.76 to 37.33) and 0.11 (95% CI = 0.02 to
0.69), respectively, when congruent with NT-ProBNP.

Conclusions: Bedside thoracic US for B-lines can be a useful test for diagnosing CHF. Predictive
accuracy is greatly improved when studies are totally positive or totally negative. A two-zone protocol
performs similarly to an eight-zone protocol. Thoracic US can be used alone or can provide additional
predictive power to NT-ProBNP in the immediate evaluation of dyspneic patients presenting to the ED.
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La congestione  
nello scompenso cardiaco  



•  Signs and symptoms 
•  Daily weights 
•  CXR 
•  Natriuretic peptides (BNP and NT-proBNP) 
•  Right heart catheterization 

Conventional tools to assess  
changes in pulmonary congestion 



Variable Sensitivity (%) Specificity (%) Accuracy  (%) 

Hx of HF 62 94 80 

Dyspnea 56 53 54 

Orthopnea 47 88 72 

Rales 56 80 70 

S3 20 99 66 

JVD 39 94 72 

Edema 67 68 68 

Dao, Q., Maisel, A. et al. J. American College of Cardiology, Vol 37, No. 2, 2001 

Hystory and physical examination 

Adapted from Chakko S. et al. Am J Med. 1991; 90: 353 
Adapted from Butman SM. Et al. J Am Coll Cardiol. 1993; 22: 968 



 
–  Misses 20% of echo  

proven cardiomegaly 
–  Detection of pleural 

 effusion if supine 
•  67% sensitivity 
•  70% specificity 

–  Even worse  
if done portable 
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How good is CXR  
in diagnosing heart failure? 
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Diario clinico
Data: 22.07.2011  h: 11:19

Permangono crepitii su tutto l'ambito. Non edemi declivi. Sospende coumadin e inizia
LMWH. Oggi reintegra cloruro di lisina e infonde lasix 500 mg ev. Si riduce il beta
bloccante e inizia ACE inibitore.

Diario
Dr. Francesco Sbrana

Data: 22.07.2011  h: 20:42

Il paziente presenta dispnea. EO: tachipnea, parziale disorientamento ST, rumori umidi
diffusi su tutto l'ambito. PA 105/85 mmHg, Sat O2 95% in O2 con cannule nasali a 5
l/min. Diuresi 900 cc. Si incrementa la velocità del diuretico a 4 cc/ora e si applica
telemetrico.

Diario
Dr. Francesco Sbrana

Data: 23.07.2011  h: 10:38

Buona risposta alla terapia diuretica. Da questa mattina diuresi 500 cc. EO: presenza di
crepitii grossolani a sede medio-basale bilateralmente. Questa mattina è stato
mobilizzato in poltrona. Elettroliti e funzione renale stabili. Oggi infonde Cloruro di Lisina
5 fl in 100 cc in 12 ore e lasix 500 mg 1 fl ev in 24 ore. Incremnta enapren a 5 mg 1/2 cpr
x 2, si riduce fraxiparina a 1 fl /die.

Diario
Dr. Francesco Sbrana

Data: 24.07.2011  h: 11:29

ieri diuresi 3000 cc, sta infondendo lasix 500 mg in 24 ore. Asintomatico, alle basi -da
decubito supino - non crepitii.

Diario
Dott.ssa Roberta Poletti

Data: 25.07.2011  h: 11:04

Non rumori umidi polmonari, non turgore giugulare, non edemi declivi. In relazione alle
ecchimosi si riduce LMWH; per neutrofilia inizia terapia antibiotica. Si richiede Rx torace
a letto di controllo. Richiesto materasso antidecubito. In terpia Ensure 1 fl. Sat O2 in
ossigeno con cannule nasale 97%. In relazione all'extrasistolia inizia cordarone ev.

Diario
Dr. Francesco Sbrana

Data: 26.07.2011  h: 12:00

Paziente vigile, riferisce lieve miglioramento soggettivo, diuresi 300 cc da questa mattina,
emodinamica stabile. Oggi infonde lasix 500 mg ev, prosegue cordarone per os. Lieve
riduzione della neutrofilia. All'Rx torace a letto di ieri riduzione dei segni di congestione
polmonare.

Diario
Dr. Francesco Sbrana

Data: 27.07.2011  h: 12:45

Paziente vigile. Si infonde Sol Glucosata 5% 500 cc per disidratazione. Attualmente
diuresi 600 cc. Inserisce in terapia talofen per agitazione notturna. Oggi non si
somministra lasix.

Diario
Dr. Francesco Sbrana

Data: 28.07.2011  h: 13:05

Il paziente e' scarsamente responsivo e disorientato. Presenta evidente respiro periodico
che non era presente ieri. PA 100/75 mmHg, al monitor ritmo indotto da PM. EGA pH
7.43, pCO2 41, pO2 70, B 2.5, HCO3- 26.6. La variazione del quadro neurologico
potrebbe dipendere da emoconcentrazione (Hb 20) per cui si idrata il paziente con SF 1L
in 24 h e Lasix 125 mg, si richiede inoltre TC cranio urgente senza mdc per escludere
possibile sanguinamento. Si richiede infine monitoraggio del respiro.

Diario
Dr. Francesco Sbrana

Data: 28.07.2011  h: 16:10

Eseguita TC cranio (in refertazione). Il paziente si rimuove monitoraggio del respiro.

Diario
Dr. Francesco Sbrana

Data: 29.07.2011  h: 11:19

Paziente contattabile. Tendenzialmente soporoso. Permane respiro periodico. Oggi
infonde Sol Fis 500 cc e Sol Gluc 5% 500 cc in 20 ore. Sospende rocefin. Oggi infonde
lasix 125 mg in 100 cc in 8 ore. Non rumori umidi polmonari in

Diario
Dr. Francesco Sbrana
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Dyspnea in ejection fraction 18% 
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Diario clinico
torace esaminato in decubito supino.

Data: 30.07.2011  h: 11:24

Incremento della creatininemia, si aggiunge idratazione (Sol Fis 1000 cc + aminoacidi
500 cc). Si somministra Lasix 250 mg in 8 ore.  Crepitii alle basi. Risponde agli stimoli
verbali.

Diario
Dott. Emilio Pasanisi

Data: 30.07.2011  h: 20:56

diuresi da stamani buona (1200 cc)

Diario
Dott. Emilio Pasanisi

Data: 31.07.2011  h: 12:11

Paziente scarsamente responsivo. Diuresi 24 ore 2000 ml. Agli esami bioumorali severa
emoconcentrazione (Hb 20.1 g/dL, Hc 57.6%), persistente aumento di azotemia e
creatininemia. L' EGA mostra ipossiemia lieve e lieve acidosi. Si decide per idratazione
(1ml/Kg/ora) 1000 ml di SF in 24 ore + 500 ml di aminoacidi in 24 ore. Non diuretico. Si
posiziona urometro per diuresi oraria e si richiede bilancio idrico delle 24 ore.

Diario
Dott. Danilo Neglia

Data: 01.08.2011  h: 11:39

Elettroliti stabili. Presente tosse produttiva con associati crepitii. Riduce cordarone a 1
cpr/die. Oggi siframin 500 cc, sol fis 500 cc e sol gluc 10% 500 cc in 24 ore. Infonde lasix
250 mg in 8 ore.

Diario
Dott. Luigi Emilio Pastormerlo

Data: 02.08.2011  h: 23:11

Dopo evacuazione riscontro di tracce di sangue vivo nelle feci. Addome trattabile, non
dolente. Borborigmi presenti. Si richiede per domani emocromo di controllo.  Parametri
emodinamici stabili.

Diario
Dott. Umberto Startari

Data: 03.08.2011  h: 11:51

stanotte episodio di melena; si posegue con lo stesso schema di ieri; emocromo stabile;
creatinemia stabile.

Diario
Dott. Luigi Emilio Pastormerlo

Data: 04.08.2011  h: 11:34

paziente stazionario. Sveglio ma disorientato. Difficoltà nell'eloquio. EO: rari rantoli bi-
basilari.  Non edemi declivi. Inizia Claritromicina 250 mg 1 cp x 2.

Diario
Dott.ssa Lucia Venneri

Data: 05.08.2011  h: 11:43

paziente sveglio, più orientato. ALL'EO: fini crepitii bi-basilari. Assenza di edemi declivi.
per lieve ipopotassiemia aumenta dosaggio del Luvion. domani ripete funzione renale ed
elettroliti.

Diario
Dott. Luigi Emilio Pastormerlo

Data: 06.08.2011  h: 10:56

Si sospende siframin. Bilancio idrico di ieri sostanzialmete pari ma con numerose
scariche di diarrea. Compenso emodinamico ok. Domani ripete esami. Non lesioni da
decubito.

Diario
Dott. Luigi Emilio Pastormerlo

Data: 07.08.2011  h: 13:06

Stabile, apiretico, si somministrano oggi 500 SF, 500 Glc 5%, lasix 125, si introduce
terapia con potassio p.o.. Oggi non diarrea. Il paziente riferisce volontà di essere
dimesso presto al proprio domicilio.

Diario
Dr. Andrea Barison


