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A - Airways



Ultrasuoni e vie aeree



DARES protocol
Difficult Airways Evaluation with Sonography





monitoraggio cuffia
Conferma di intubazione



Thyroid - Airline - Crichoid - Airline
TACA protocol



B - Breathing



Valutazione di uno stato di dispnea severa
BLUE Protocol

tions, which explains the asymmetric patterns (AB
profile), anterior consolidations (C profile), or lack of
anterior interstitial patterns (A profile). Note that
among seven patients initiating ARDS from pneu-
monia, only one had the B profile. Briefly, ultra-
sound highlighted distinctions between pneumonia
and pulmonary edema. If confirmed by further data,
this may provide a potential means of differentiating
hemodynamic from permeability-related pulmonary
edema.

Suggested Algorithm

Anterior lung sliding is checked first. Its presence
discounts pneumothorax. Anterior B lines are sought.
The B profile suggests pulmonary edema. The B’, A/B,
and C profiles suggest pneumonia. The A profile
prompts a search for venous thrombosis. If present,
pulmonary embolism is considered. If absent, PLAPS is
sought. Its presence (A profile plus PLAPS) suggests
pneumonia; its absence (normal profile) suggests
COPD/asthma (Fig 7).

This algorithm, using ultrasound alone, would have
retrospectively given an accurate diagnosis in 90.5% of
cases. Its routine integration into the clinical approach
would give even better results. This algorithm was
called Bedside Lung Ultrasound in Emergency—the
BLUE protocol. When your patient is blue, promptly
perform a BLUE protocol. The absence of echocardi-
ography in this algorithm stems from the fact that, even
if yielding data of primary importance, it gives indirect
arguments, whereas lung ultrasound provides a direct
approach to acute respiratory failure. In practice, a
cardiac analysis completes our approach.

Clinical Implications

Using lung ultrasound saves time and decreases
the need for CT, whose drawbacks include delayed-
care implementation, irradiation,32–34 cost (therefore
available only in resource-rich countries), and the re-
quired supine position. Lung ultrasound is nearly
equivalent to CT in detecting most disorders,5 can be
repeated at will, and provides additional information.35

Online document 1 shows the number of erroneous
initial diagnoses using conventional tools. One fourth of
the patients in the first 2 h had erroneous or uncertain
initial diagnoses. Many more received inappropriate
therapy.

Lung ultrasound generates standardized, repro-
ducible patterns, explaining the high interobserver
agreement.5,11,21 Feasibility is high. Lung ultrasound
may appear complex at first sight but simply requires
a change in thinking.36 Once the process has been
learned, a step-by-step use will make it routine.37–44

Limitations

The operators in this study have several years of
experience. They were not blinded to the patient’s
clinical presentation, yet ultrasound profiles were
established based on objective signs.

Among the erroneous results (9.5%), some re-
sulted from limitations of this simplified ultrasound
approach: problems distinguishing pulmonary edema
and interstitial pneumonia, or embolism without
thrombosis. Others can be explained by possible
flaws in the reference tests: “decompensated COPD”
associated with the B profile or PLAPS, or “pulmo-
nary edema” without the B profile.

Figure 7. A decision tree utilizing lung ultrasonography to guide diagnosis of severe dyspnea.
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Deep venous thrombosis was sought using the same probe.22

Visualization of anatomic echoic intraluminal thrombosis or
absence of compressibility was considered as a positive finding
(Fig 1). An examination combined an anterior approach (analyz-
ing artifacts, lung sliding, alveolar consolidation), a lateral sub-
posterior search for posterolateral alveolar and/or pleural syn-
drome (PLAPS), and venous analysis.

Study Design

The signs observed in each disease were methodically col-
lected; then the ultrasound data were compared with the diag-
nosis established by the ICU team.

Results

This study included 260 patients with a definite
diagnosis: 140 men and 120 women (mean age, 68
years; range, 22 to 91 years; SD, 16 years).

Signs Observed

Pulmonary Edema: Pulmonary edema was ob-
served in 64 patients. Anterior-predominant bilateral
B ! lines were observed in 62 cases (diffuse in 59,
predominant involvement of lower halves in 3).
Anterior-predominant bilateral A lines were seen in
two cases. Anterior lung sliding was always pre-
served. In 56 cases, PLAPS was detectable. One
patient (with B ! lines) had internal jugular vein
thrombosis.

COPD: COPD was observed in 49 patients. In 38
cases, anterior-predominant bilateral A lines with
lung sliding and no PLAPS were observed. In five
cases, the same pattern with abolished lung sliding
(without lung point) was seen. Anterior-predominant
bilateral B lines were present in three cases, anterior
consolidation in one. PLAPS was seen in six cases.

Status Asthmaticus: Status asthmaticus was observed
in 34 patients. Asthma gave anterior-predominant A
lines with lung sliding in all cases, posterior consolida-
tion in one, and calf thrombosis in another.

Pulmonary Embolism: Pulmonary was
observed in 21 patients. Twenty patients had anterior
predominant A lines with lung sliding. One had
anterior consolidation with absent lung sliding.
PLAPS was found in 11 patients. Seventeen patients
had venous thrombosis.

Pneumothorax: Pneumothorax was observed in
nine patients. Abolished anterior lung sliding was
associated with anterior-predominant A lines in all
cases. Lateroposterior lung point was present in
eight cases. PLAPS was found in five cases.

Pneumonia: Pneumonia was observed in 83 pa-
tients. In 75 cases, PLAPS was present. In six cases,
an anterior-predominant bilateral B ! pattern was
associated with lung sliding (with PLAPS in four
cases). In nine cases, anterior-predominant bilateral
B ! lines were associated with abolished lung sliding;

Figure 4. Pneumothorax. Left panel (real-time): one significant
item is the complete absence of the B line. Lower arrows: A lines;
upper arrow: pleural line. Right panel (M mode): this succession
of horizontal lines indicates complete absence of dynamics at, and
below, the pleural line (arrowheads). This pattern is called the
stratosphere sign. The lung point (not featured here) confidently
rules in the diagnosis.

Figure 5. Pleural effusion and alveolar consolidation; typical
example of PLAPS. Left panel: real-time, stage 2. The quad sign:
a pleural effusion on expiration (E) is delineated between the
pleural line (upper white arrows) and the lung line, always
regular, which indicates the visceral pleura (lower white arrows).
The shred sign: a lower-lobe alveolar consolidation (LL) yields a
tissular pattern, characteristically limited by the lung line (or the
pleural line when there is no effusion) and in depth by an
irregular border (black arrows), the shred line, as in connection
with aerated lung. Below, air artifacts are displayed. Between
consolidation and spleen (S) is the diaphragm, a basic landmark
in stage 2. Right panel: time-motion demonstrates the sinusoid
sign, a basic dynamic sign of pleural effusion. The sign will not be
generated by alveolar consolidation, which behaves like a solid
lesion.
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Ultrasound Approach

Ultrasound was performed (Hitachi-405; Hitachi Medical; Tokyo,
Japan) with a 5-MHz microconvex probe (Fig 1). Patients were
investigated in a semirecumbent position, or were supine if intu-
bated (n ! 35). Scans were longitudinal. The pleural line, sought
between two rib shadows, indicates the pleural layers. The normal
lung14 displays lung sliding, a movement in rhythm with respiration
at the pleural line, indicating sliding of the visceral pleura against the

parietal pleura,15 and A lines (Fig 2), these repetitive horizontal
artifacts arising from the pleural line generated by subpleural air,
which, either intraalveolar or pure (pneumothorax), blocks ultra-
sound waves. Normal interlobular septa are not detected. Three
signs with dual answers were assessed, as follow.

Artifact Analysis: A or B Lines: The B line is the name given to
an artifact with seven features: a hydroaeric comet-tail artifact;
arising from the pleural line; hyperechoic; well defined; spread-
ing up indefinitely; erasing A lines; and moving with lung sliding
when lung sliding is present (Fig 3). It reflects the coexistence of
elements with a major acoustic impedance gradient, such as fluid
and air. Fluid at the subpleural interlobular septum surrounded
by air-filled alveoli (ie, septal edema) fulfills this condition. Three
or more B lines in a single view are called B " lines. B " lines
indicate the subpleural part of interstitial syndrome.16 Other
comet-tail artifacts can be seen; none has B line characteristics.14

Lung Sliding: Present or Abolished: Abolition (Fig 4) occurs
when the visceral pleura does not slide against parietal pleura
(inflammatory adherences, loss of lung expansion, atelectasis,
apnea, chronic symphysis) or is separated (pneumothorax, pneu-
monectomy). If abolished lung sliding is associated with A lines,
the search for pneumothorax is mandatory. The lung point is a
specific sign of pneumothorax, alternating lung sliding and
abolished lung sliding plus A lines at the same location.17

Alveolar Consolidation and/or Pleural Effusion: Absent or
Present: Pleural effusion classically yields an anechoic-dependent
pattern (Fig 5),18 an inconstant criterion. The roughly quadran-
gular shape with a regular lower border (the visceral pleura,
called the lung line) was required for the diagnosis. The inspira-
tory shift of the lung line toward the pleural line is called the
sinusoid sign. The sensitivity of these signs is 92%, and specificity
is 97%.5,19 Alveolar consolidation20 results in fluid-filled alveoli.
The alveolar-interstitial interfaces generate reflections yielding a
tissular pattern, absence of the lung line, absence of the sinusoid
sign. Ultrasound sensitivity is 90%, and specificity is 98%.21

Figure 1. Ultrasound areas. Stage 1 defines the investigation of the
anterior chest wall (zone 1) in a supine patient (1# in this semire-
cumbent patient). Stage 2 adds the lateral wall (zone 2) [left panel].
Stage 3 adds the posterolateral chest wall using a short probe,
moving the patient only minimally (zone 3) [right panel]. Each wall
is divided into upper and lower halves, resulting in six areas of
investigation. Note the shape of the microconvex probe, which
allows satisfactory analysis of the intercostal space, and satisfactorily
controlled compression maneuvers at the veins investigated in this
study: internal jugular, subclavian, iliofemoropopliteal veins, and as
far as possible, inferior vena cava and calf veins.

Figure 2. Normal lung surface. Longitudinal scan of an inter-
costal space. Left panel: Pleural line and A line (real-time). The
pleural line is located 0.5 cm below the rib line in the adult. Its
visible length between two ribs in the longitudinal scan is
approximately 2 cm. The upper rib, pleural line, and lower rib
(vertical arrows) outline a characteristic pattern called the bat
sign. The horizontal lines arising from the pleural line (horizontal
arrows) are separated by regular intervals that are equal to the
distance between the skin and the pleural line. These were called
A lines. A lines are usually large (see upper line) but can be
shorter (lower line), which has no clinical significance. Right
panel: M mode. An obvious difference appears on either side of
the pleural line (arrow). The motionless superficial layers gener-
ate horizontal lines. Lung dynamics generate lung sliding (sandy
pattern). This pattern is called the seashore sign.

Figure 3. Interstitial syndrome. These vertical comet-tail arti-
facts arise strictly from the pleural line, are well defined (laser-
like), hyperechoic, move with lung sliding, spread to the edge of
the screen without fading, and erase A lines (dotted arrows
indicate their theoretical location). This pattern defines B lines.
Several B lines in a single view, reminiscent of a rocket at lift-off,
are called lung rockets, or B " lines (featuring here, B3 lines).
Diffuse lung rockets indicate interstitial syndrome. One or two B
lines in a single view, referred to as the b line, have no pathologic
significance. This patient had cardiogenic pulmonary edema.
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sonda lineare: 
B-mode ed M-mode 
valutazione 
ispessimento 
diaframmatico sulla 
ZAP (torace infero-
laterale) 
 
 

sonda convex: 
B-mode ed M-mode 
valutazione 
escursione cupola 
diaframmatica su linea 
medioclaveare o 
ascellare ant. 
 

Funzione  
diaframmatica

                      M	 	    F 
quiete       1,8cm      1,6cm 
resp. prof.   7cm		 5,7cm 
sniffing      2,9cm	     2,6cm

54% normale 
range 42-78%

ZAP = Zona di Apposizione



thickening fraction: 
∆tdi/tdi end expiration 

x 100



Prima del blocco del frenico



diaframma

20mm



diaframma

polmone 
(aria) 

 
effetto tendina

pleura

30mm



Dopo il blocco



C - Circulation



PSH o SAIH
Post Spinal Hypotension



Riduzione della PAM 
<30%

Bolo di cristalloide 
500-1000ml

Considerare  
vasopressori  

efedrina, fenilefrina

FC ≤ 70 bpm? FC ≥ 80 bpm?

Vasopressori  
efedrina 5-10mg ev 

ripetere se necessario 
dopo 2-3 min 
Considerare 

Trendelenburg*

Vasopressori  
fenilefrina 50-100µg ev 
ripetere se necessario 

dopo 2-3 min 
Considerare 

Trendelenburg*

Riduzione della PAM 
>30%

eco 
pre: 

ipovolemia 
?

FC ≥ 80 bpm?FC ≤ 70 bpm?

Vasopressori
efedrina 10-20mg ev 
se non risposta, 
doppia dose dopo 2-3 min 
Considerare 
- adrenalina 8-10µg ev  
- adrenalina i.c.  
0,15-0,3 µg/kg/min 

Vasopressori
fenilefrina 100-200µg ev 
se non risposta, 
doppia dose dopo 2-3 min 
Considerare 
- fenilefrina i.c.  
0,15-0,75µg/kg/min 
- noradrenalina i.c.  
0,01-0,1 µg/kg/min 

Osservazione e 
monitoraggio 

Proseguire terapia in atto 
Considerare eco se 
necessario ulteriore 

monitoraggio

SÌ

NO

SÌ

Risposta 
al trattamento 

?

Bolo di cristalloide 
500-1000ml

NO

eco 
pre: 

ipovolemia 
?

SÌ

necessità di ripetuti 
boli di farmaco 
pz sintomatico

trattamento 
della PSH in 
paziente non 
cardiopatico



trattamento 
della PSH in 

paziente 
cardiopatico

Riduzione della PAM 
>30%  

Pz sintomatico 
(nausea e vomito, 

dolore toracico, ecc)

FC ≥ 80 bpm?FC ≤ 70 bpm?

Vasopressori
efedrina 10-20mg ev 
se non risposta, 
doppia dose dopo 2-3 min 
Considerare 
- adrenalina 8-16µg ev  
- adrenalina i.c.  
0,15-0,3 µg/kg/min 

Vasopressori
fenilefrina 100-200µg ev 
se non risposta, 
doppia dose dopo 2-3 min 
Considerare 
- fenilefrina i.c.  
0,15-0,75µg/kg/min 
- noradrenalina i.c.  
0,01-0,1 µg/kg/min 

Bolo di cristalloide 
500-1000ml

eco 
pre: 

ipovolemia 
?

SÌ

necessità di ripetuti 
boli di farmaco 
pz sintomatico

Vasopressori  
efedrina 5-10mg ev 

ripetere se necessario 
dopo 2-3 min 
Considerare 

Trendelenburg*

Vasopressori  
fenilefrina 50-100µg ev 
ripetere se necessario 

dopo 2-3 min 
Considerare 

Trendelenburg*

FC ≤ 70 bpm? FC ≥ 80 bpm?

Riduzione della PAM 
<30%

Osservazione e 
monitoraggio 

Proseguire terapia in atto  
Considerare eco se 
necessario ulteriore 

monitoraggio

SÌ

Risposta 
al trattamento 

?

NO necessità di ripetuti 
boli di farmaco 
pz sintomatico



Valutazione stato 
del circolo



Stroke volume variation
Fluid responsiveness



Systolic Anterior Motion
SAM



Systolic Anterior Motion
SAM



Stato ipotensivo

volemia?
resistenze periferiche?

contrattilità?

cuore destro? versamenti?

polmone?



LAST but not least
Funzionalità cardiaca



FE = FS x 2

FS = 
(LVEDD - 
LVESD) : 
LVEDD x 

100





FAC% = 
(LVEDA - 
LVESA) : 
LVEDA x 

100

FAC% = 
35-65%



• ↓ Resistenze vascolari periferiche

• ↑ Resistenze vascolari polmonari

• Embolizzazione polmonare

• Istamina

• ↓ CO

• deficit contrattile

Bone Cement  
Implantation Syndrome



SNOW 
FLURRY





Normale

Sindromi  
compartimentali

• Doppler Pulsato (velocità 
ridotte) 

• onda trifasica 

• sistemi ad alte resistenze 
periferiche 

• onda diastolica POSITIVA 



Pressioni di compressione

pari a PAD pari a PAM assente pari a 40mmHg

ATTENZIONE AL 
TRIFASICO!!



DRAF - Diastolyc Retrograd Arterial Flow



TVP e CUS 

femorale comune



femorale superficiale



poplitea



grande e piccola safena



D - Diuresis…?



Post Operative Urinary Retention
Valutazione POUR

Anestetici locali: 
- disfunzione detrusore più 

lunga di blocco motorio 
(es: bupivacaina 
iperbarica 462min vs 
233min) 

- minzione quando blocco  
< S3

Oppioidi intratecali: 

- disfunzione del 
detrusore dose-relata 

- disfunzione anche >24h



torniamo  
al futuro!
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