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“The lung: a major hindrance for the use of ultrasound at the

thoracic level.”
TR Harrison

Principles of Internal Medicine, 1992, p. 1043

“Ultrasound imaging: not useful for evaluation of the

pulmonary parenchyma.”
TR Harrison

Principles of Internal Medicine, 2011, p. 2098

“Most of the essential ideas in sciences are fundamentally
simple and can, in general, be explained in a language which

can be understood by everybody.”
Albert Einstein

The evolution of physics, 1937

“Le poumon..., vous dis-je !” (The lung... I tell you!)
Moliere, 1637

(continued)



These extracts were introducing the Chapter on lung
ultrasound of our 2005 Edition.

The present textbook is fully devoted to this application.

A ma famille, mes enfants, le temps que je leur ai consacré
était en concurrence avec ces livres qui ont aussi été ma vie.
Trouver I’équilibre entre une vie de famille idéale et la
productivité scientifique a été un défi permanent. Les défauts
qu’on pourra trouver dans le présent ouvrage ne seront dils
qu’a une faiblesse dans la délicate gestion de cet équilibre.
Mon pere n’aurait pas cru, en 1992, époque de la premiere
édition, qu’il verrait celle-ci; cet ouvrage lui est dédié.

Ma mere sera heureuse de voir d’en haut cet achévement
d’une vie.

A Joélle

Our life is a gift from God; what we do with that life is our gift
to God.
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Video 10.1

Video 10.2

Video 10.3

Video 10.4

Video 10.5

The A-profile. A standard lung sliding. See the ribs, the bat
sign, and the pleural line, and note the sparkling at the pleural
line, spreading below. Note also the A-line. Example of
A-profile, indicating a normal lung surface. It is seen in healthy
subjects and a group of diseases (pulmonary embolism, severe
asthma, exacerbation of COPD, etc.). Above the pleural line,
the parietal layers are quiet: no dyspnea

Some examples of dyspnea in asthmatic or COPD patients,
where no B-line is here for helping. The Keye’s sign is dis-
played at various degrees on M-mode. Focusing only on the
real-time, the lung dynamic can be difficult to distinguish from
the overall dynamic. Sometimes even on M-mode, the distinc-
tion is challenging and subtle signs are of major help (see
Fig. 10.3)

The effect of a summation filter. Standard lung sliding. Yet see
how suddenly it gets markedly decreased, at the 6th second.
The whole of the image is possibly “worked,” nice to see, but
the lung sliding has quite vanished. The setting “SCC,” second
line, has been activated (“1” if fully activated, “4” if not). Now,
imagine a patient with a minimal lung sliding, plus such a filter:
the condition for a difficult discipline is created

The lung pulse. Patient with abolished lung sliding for any rea-
son but not because of a pneumothorax. First, a B-line is visible.
Second and mostly, even in its absence, a cardiac activity can be
detected, 98 bpm. Example of lung pulse recorded at the right
lower BLUE-point

A stratosphere sign without pneumothorax. Young patient under
mechanical ventilation for toxic coma. If looking carefully to
the M-mode, lung sliding appears abolished, with a typical
stratosphere sign. CEURF advises to always begin with the real
time: a very discrete lung sliding can be visualized. No B-line is
present, for helping. Sometimes (for not yet elucidated rea-
sons), in spite of a M-mode shooting line at the center of the
real-time image, a discrete lung sliding does not generate the
expected seashore sign on the M-mode. We are between
the pseudo-A’-profile and the A’-profile (as often in medicine).
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Video 11.1

Video 13.1

Video 13.2

Video 14.1

Video 14.2

Video 14.3

Video 14.4

Note several points. Note that the filter “SCC” has been opti-
mized, i.e., suppressed (position 4). Imagine that, if not, the real
time should have never shown this minimal lung sliding. Note,
at the bottom of the M-mode image, some sand is displayed (not
exactly the Peyrouset phenomenon); this sand is far from the
pleural line (unknown meaning, minor event). A comprehen-
sive analysis would show the same pattern through the whole
chest wall and above all no lung point. This additional detail
prevents to wrongly evoke a pneumothorax. To summarize
here: no pneumothorax

Typical Z-lines. Note how these comet-tail artifacts arising
from the pleural line are standstill, ill-defined, not white like the
pleural line but rather grey, short, with an A-line discreetly vis-
ible. Several are visible simultaneously. They will in no way be
confused with B-lines and lung rockets (see videos 13.1 and
13.2 for comparison). Here, dyspneic COPD patient

The B-profile. Lung rockets are associated with frank lung slid-
ing. Patient with hemodynamic pulmonary edema

The B’-profile. These lung rockets are here associated with a
quite complete abolition of lung sliding. This is a typical
B’-profile, seen in a patient with ARDS

Basic A’-profile. Historical image, a pneumothorax diagnosed
with the ADR-4000 (a 1982 technology). Note from top to bot-
tom the absence of dyspnea, the pleural line (clearly defined
using the bat sign), perfectly standstill — no lung sliding, and the
Merlin’s space occupied by four exclusive A-lines
Pneumothorax and stratosphere sign. Left, a pneumothorax
using a Hitachi-405 (1992 technology). Right, both Keye’s
space and M-Merlin’s space display stratified lines, generating
the stratosphere sign. Note this basic feature: both images move
together, a feature not possible in very modern machines
Dyspnea, the Keye’s sign and the Avicenne sign. In this dys-
pneic patient, the abolition of lung sliding, on real time, is not
that obvious, because of the muscular contractions, superficial
to the pleural line. The Merlin’s space displays subtle A-lines.
On M-mode, the Keyes’ space shows a parasite dynamic from
muscular contractions. These accidents are displayed in the
M-M space without any change when crossing the pleural line:
the Avicenne sign, demonstrating the abolished lung sliding
with no confusion

Pneumothorax and the lung point. Dyspneic patient. The probe,
searching for a lung point because of an A’-profile, finds sud-
denly, near the PLAPS-point in this patient, a sudden change,
from a lateral A’-profile (no lung sliding, only A-lines) to a tran-
sient lateral B-profile (fleeting lung sliding, fleeting lung rock-
ets), in thythm with respiration during the acquisition. This is
the pathognomonic sign of pneumothorax. Example here of
lateral lung point
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Video 14.5

Video 16.1

Video 18.1

Video 18.2

No pneumothorax despite severe subcutaneous emphysema.
The image (ill-defined, unsuitable acquisition parameters) first
shows the Cornu’s sign; then the operator tries to withdraw the
gas collections. At 15”7, a hyperechoic line is identified, first
oblique (the probe was not fully perpendicular). The probe sta-
bilizes it on the screen, making it horizontal at 21”. A lung slid-
ing is visible. At 25”7, the M-mode shows a
seashore sign, i.e., definite absence of pneumothorax

Minute pleural effusion and the “butterfly syndrome.” This
video clip shows a pleural effusion, minute but indisputable: the
quad sign and sinusoid sign are clearly displayed. Those who
were reading the note in Chap. 11 regarding the sub-B-lines will
not be confused. When the question is “Where is the pleural
line?” many novices show the lung line, as if they were attracted,
hypnotized by this brilliant and dynamic line. On the contrary,
the real pleural line is this discreet line located at its standard-
ized location, half a centimeter in this adult below the rib line,
and, mostly, standstill. Reminder, the pleural line is the parietal
pleura, always

The lower femoral vein. Detection, compression (V-point), and
escape sign. Transversal scan at the right lower femoral vein.
The femur is easily detected. Inside, tubular structures are iso-
lated. One has marked coarse calcifications and should be the
artery. The other is larger, ovoid more than round, and should be
the femoral vein. Carmen maneuver (seconds 3—8) has correctly
showed these were tubes — definitely the vascular pair, what
else? The simple observation shows that the supposed vein has
a marked echogenicity and is irregular and motionless: the
thrombosis is quite certain. On compression (see at the bottom
of the image the print of the Doppler hand through the posterior
skin (seconds 25-34)), all soft tissues shrink. From skin to vein,
they shrink from 4 to 2.5 cm. During this compression, the vein
“escapes” a travel of 5 mm, while its cross-section remains
7-8 mm. Positive escape sign. This is, definitely, an occlusive
deep venous lower femoral thrombosis

Calf analysis. How it is done practically, what the operator can
see on the screen, how the vessels appear without, then under
compression. 0”: the product is applied, then the probe, with a
Carmen maneuvre, and the probe is stabilized on the best site.
7”: vision of the landmarks, two bones, one interosseous mem-
brane, the tibial posterior muscle vessels. 117, the Doppler hand
comes, and both thumbs join, locating (blindly) the Doppler
hand at the correct height. During this maneuvre, the eye of the
operator does not leave the screen (15”). The Doppler hand
leaves the probe hand, and proceeds with smooth compressions
(25” and 307). 377-41”, first compression with full venous col-
lapse. 46”-52”, second compression. For experts, the anterior
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Video 28.1

Video 30.1

Video 30.2

Video 31.1

Video 31.2

Video 34.1

Video 34.2

Video 34.3

Video 35.1

tibial group is visible, much smaller, just anterior to the mem-
brane. See that functional arteries are spontaneously standstill
here, but become systolic under compression (roughly 110 bpm).
Jugular internal floating thrombosis. In this jugular internal
vein, this 1982 technology, associated with a low-quality digita-
lization, shows however a floating thrombosis with systolodia-
stolic halting movements: the mass is obviously attracted by the
right auricular diastole. One guesses the severity of these
findings. The small footprint probe of this ADR-4000 was
inserted on the supraclavicular fossa, allowing to see the
Pirogoff confluence

Standard search for a tension pneumothorax. The probe is qui-
etly applied at anterior BLUE-points, or nearby (it does not
matter a lot, since the pneumothorax is supposed to be substan-
tial). Note the Carmen maneuver, searching for B-lines, there-
fore increasing the sensitivity of the A-line sign

Inferior caval vein. In this patient who had the providence of a
good window, the IVC can be seen behind the gallbladder (head
of patient on left of image). No respiratory variation, suggesting
a reasonable fluid therapy. See the ebb and flow of microparti-
cles within the lumen, with inspiratory changes of direction
(backward), using this 1982 technology

Pericardial tamponade. This video clip shows for the youngest
a basic pericardial tamponade from a subcostal window. The
heart is recognized, beating, and surrounded by an external line:
pericardial effusion is diagnosed. This effusion is substantial
(20 mm at the inferior aspect). The right cardiac cavities are
collapsed, indicating here a tamponade

Asystole. Nothing much to be written here. A few seconds were
necessary for recording this loop. This is a fresh cardiac arrest,
maybe the visible floating sludge is a sign of recent arrest (good
neurological recovery after ROSC in this hypoxic arrest)
Pneumoperitoneum. Real-time (leff) shows an absolute aboli-
tion of gut sliding. M-mode (right) shows an equivalent of the
stratosphere sign (some accidents can be seen, but not arising
from the very peritoneal line

Mesenteric infarction. These completely motionless GI loops
can be seen in mesenteric ischemia or infarction

GI tract hemorrhage. Massive amounts of fluid within the GI
tract indicate here a GI-tract hemorrhage. Note some free fluid
in this postoperative case. The patient had a cardiac arrest, of
hemorrhagic cause, detected at Step 3 of the SESAME-protocol,
i.e., after 15s

A fully standstill cupola (in a necrotizing pneumonia). This
video illustrates Fig. 29.3, in the LUCIFLR project (showing
ultrasound superior when compared to CT), and Fig. 17.6,
which shows the real dimensions of a consolidation. Here, the
diaphragmatic cupola, perfectly exposed, is fully motionless —
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Video 35.2

Video 36.1

Video 36.2

in a ventilated patient. It can therefore not be any phrenic palsy,
as argued by some for explaining the frequent abolition of lung
sliding in pneumonia. Look for the abolished lung sliding, fully
redundant with the standstill cupola — or conversely too.
Necrotizing pneumonia in a ventilated 76-year old man

The dynamic air bronchogram. In this huge lung consolidation,
which quite fully impairs lung sliding, several among the mul-
tiple air bronchograms have an inspiratory centrifuge excur-
sion — a sign correlated with a nonretractile consolidation. Here,
pneumonia due to pneumococcus in a 42-year-old man (1982
technology)

One can see clearly the cupola, thanks to the pleural effusion
above. Note that the deep part seems absent; this is just a tan-
gency artifact (nothing to do with a rupture)

This clip shows three interesting points. It is done in a healthy
subject who breathes slowly for didactic reasons. (1) We do not
see any diaphragm. We see only lung (left) and liver (right). (2)
However, we know exactly where is the diaphragm: in between.
(3) And we have the most important information: this dia-
phragm works perfectly, no palsy. See its elevated amplitude.
This example shows that we should learn priority targets before
the diaphragm by itself






Lung Ultrasound in the Critically Il (LUCI)
and Critical Ultrasound: How Did All This
Happen? A (Not So) Short Introduction

It was a sunny afternoon after a pleasant night shift, May 1996, Café Danton,
Boulevard Saint-Germain (Paris 6th). Sitting at a cozy table, we opened our
vintage computer and created a file, the first of a series of patients investi-
gated for acute respiratory failure. A canvas was initiated. Case after case, it
was modified: complexified here, simplified there. The BLUE-protocol was
coming to life. Time passed and a number of cases were gathered, the manu-
script was submitted, the manuscript was rejected, and then rejected again
and again before finally being accepted 12 years later. And that sunny day in
1996 was preceded by 11 other years.

We now write a book fully devoted to the most vital organ, unlike our
1992, 2002, 2005, 2010, and 2011 editions. From general ultrasound to
whole-body ultrasound, we come now to lung ultrasound in the critically ill,
or LUCI. So how did this happen? And how could one imagine, long before
it became a standard of care, the story of lung ultrasound in the critically ill?

Lung ultrasound?

Imagine human beings with transparent lungs.

Imagine a lung accessible to ultrasound. Could we see fluid (alveolar,
interstitial) inside this fluid-free organ? Could we monitor fluid therapy at the
bedside, in harmony with cardiac data?

We don’t need to imagine any longer. Since its advent in the 1950s, ultra-
sound has been able to make the lung transparent. With the development of
the real-time ultrasound scanner in 1974, we have been able to do it even
better.

The integration of the lung changes almost every step of traditional ultra-
sound: from the choice of equipment, probe, applications, disciplines, and
training priorities to its very philosophy. This is the paradox of LUCI.

A Brief History of Critical and Lung Ultrasound:
The Birth of a New Discipline

One hundred and eighteen years after Lazzaro Spallanzani’s study on bats,
the wreckage of the Tifanic initiated the birth of ultrasound. Paul Langevin
created a type of sonar in 1915 for detecting icebergs. It was used in the 1920s
by fishermen (to detect whales), by the military (to detect submarines), and
by industry in the 1930s in the manufacture of metals and tires. Eventually, in
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the 1940s, physicians considered a possible extension. The father of medical
ultrasound (if we choose to omit Karl Dussik, who studied human skulls in
Austria in 1942, dark times for medical research, and described as brain
structures what appeared to be simple reverberation artifacts) seems to be
André Dénier, a modest man who published in la Presse Médicale in 1946.
From the 1950s on, ultrasound use made great strides in obstetrics (Ian
Donald) and cardiology (Inge Edler), and the field was established. The heart
was the domain of cardiologists; the uterus, obstetricians; and the rest was for
the radiologists. Technological advances lead to improvements, such as real-
time scanning in 1974 (Walter Henry and James Griffith). Critically ill
patients, however, remained forgotten, in a no-man’s land.

So when was critical ultrasound created? It is surprising to see that, even
today, a number of doctors are persuaded that it came along the advent of the
laptop machines (this textbook quietly invalidates this myth). It is true that a
commercial revolution made ultrasound suddenly appear in emergency and
intensive care rooms. This “new” technology was adopted rapidly, as if physi-
cians were ashamed not to have had this simple idea before. Ironically, a
piece, and not just any piece, was missing. In this frenzy of self-appropriating
the technique, the most important organ was skipped: the lung. This is the
paradox of LUCL

We do not know who discovered critical ultrasound. In our 1993 article,
submitted in 1991, we described a whole-body use, including the lung (a
critical organ like any other), by the intensivist in charge of the patient, for
critical or routine needs, followed by immediate therapeutic or diagnostic
changes; a “24/7/365” use in a field where each minute matters, where there
is not always time to call a specialist. Likewise, we don’t know who brought
first this concept into a clinical practice. Our own small story began in 1983.

1983. Hospital Laénnec, Paris, a sunny Saturday morning. We were kindly
asked to bring a woman to the radiology department for an ultrasound test. A
student, we had no choice but to agree. The radiologist quietly proceeded,
and, so simply, we saw the inside of the belly. This was a thunderbolt, a coup
de foudre. We realized, this is a visual tool for doctors. We also believed that
ultrasound should go to the patient, not the other way around.

1984. We learned ultrasound’s very basis in a standard radiology
department, while initiating an intensivist career.

1985. We worked our first night shifts as an intensivist at Frangois Fraisse
ICU, Hospital Delafontaine, Saint-Denis. The responsibility was huge and
heavy. This was our challenge: to decrease the risk of erroneously managing
these very sick patients. The radiology department was not far from our ICU.
Was completely desert after 11 PM. We were tempted to approach one of the
machines, discreetly unplug it, and take it to the ICU (these heavy units had
wheels!). The transgression was committed, and, little by little, the “monster”
was clandestinely domesticated.

1986. We had become familiar with the habit of “borrowing” the machine.
It was a night in March, and one of our patients was not well and was not
benefitting from our care. It was midnight, and, thinking fast, we crept to the
radiology department. All was quiet, not a noise (just the rain outside),
nobody was there. We unplugged the machine and brought it to the ICU, Bed 1.
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There was supposedly no fluid in the thorax, but there actually was! Action
was necessary, there was simply no choice (there was no local computed
tomography in 1986, and, even so, our patient was too unstable). In spite of
the rules, a needle was inserted in the thorax. Amounts of purulent pleural
effusion were withdrawn. The obstacle to the venous return decreases, the
signs of circulatory failure seem to improve. The ultimate rendez-vous is not
for this night. We bring the machine back to the radiology dept, clean the
finger prints, replug it back in. Perhaps, on this dark night in 1986, a new
standard of care was born. If similar acts were performed in the same setting
(full night, bedside use, etc.) by some other doctor, we would love to shake
his or her hand.

1989. We saw that ultrasound could impact critical medicine, but we could
not continue “stealing” a unit from the radiology department. Where could
we find a suitable ICU with on-sife ultrasound? There was no need to move
across the Atlantic; it was within biking distance at Boulogne (Paris-West).
The road to discovery was made by successive encounters. Jean-Francois
Lagoueyte helped us to discover medicine. William Loewenstein gave us the
“fatal” taste of critical care. At Francois Fraisse ICU, we met Bruno Verdiere,
who introduced us to Alain Bernard, through whom we met Gil Roudy. He
helped us by opening the doors of Ambroise-Paré’s ICU, where Francois
Jardin developed this pioneering vision: on-site ultrasound for cardiac assess-
ment. There, in our day-and-night research, feeling free to apply the probe
everywhere, we discovered, one after another, the countless applications that
changed the approach to the critically ill.

1992. The field and limits of critical ultrasound were described in our first
textbook (since we did not find any, we simply wrote our own). Today, you
find these applications in all courses. Some were classical but did not really
benefit the time-dependent patient (e.g., finding free abdominal blood). Some
were specific to the critically ill (subclavian vein cannulation). Some were
modern (optic nerve). Some were “fantasy” (lung). Some were futuristic
(mingling lung with heart). There was no secret to writing our book. The
inspiration came by simply always asking, “How can this tool be of help to
the patients?” Instead of going to bed on these hot nights, there was endless
work in building our research. Thanks to the ideas of Paul Langevin, André
Dénier, and Francois Jardin, the father of echocardiography in the ICU, a
discipline was born, the basis humbly gathered in 160 pages, one application
or more per page (“1,001 Reasons of Practicing Critical Ultrasound” was the
malicious label of Young-Rock Ha in his Korean translation).

Scared was the right word: managing a patient based on what these strange
images told, or seemed to tell, was not insignificant. Mainly, we were scared
to realize how much this visual tool could impact so many areas of medicine.
Yet we did not care about the numerous obstacles. To begin with, there were
human factors: the concept sounded so weird to our colleagues (mostly aca-
demicians). Time was lost. They were intrigued (or another word, maybe) to
see an intensivist borrowing the tool of “specialist.” And when they saw this
person applying the probe at the lung, making it a priority target, they were

. a little more intrigued (to not use a much worse word). Every time we
proudly showed them our “baby,” no one had time, or they used the indisput-
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able argument: “If this were possible, it should long have been known.” That
being said, they found the solution and returned, reassured, to their daily
routine. Critical time was lost. Ultrasound was reserved for radiologists (to
count gallstones) or cardiologists (to assess complex valvular diseases), mak-
ing two opposing worlds, both very far from ours. Only a few pragmatic (not
academic) colleagues, such as Gilbert Meziere, Agnes Gepner, Eryk
Eisenberg, and Philippe Biderman, immediately saw the potential and used it.
Remember that, at the time, CT was a rarity and D-dimers did not exist. This
was the time for an absolute revolution, and we (our small group) were the
“kings of the night,” but outlaws at daylight. Just the price to pay when you
innovate.

Because ultrasound generates images, it was “logically” placed (with the
exception of the heart and fetus) in the hands of radiologists: they were
experts, but not accustomed to touching patients (especially in the night or on
weekends), nor were they trained to make diagnoses based on artifacts, that
is, undesirable parasites. Consequently, this elegant tool was used for almost
all organs, lung excluded. An issue? Not at all! In the 1980s, CT appeared,
and they found a serious tool, keeping ultrasound as a minor discipline, used
to see gallstones during office hours. These experts had decreed lung ultra-
sound’s unfeasibility in the most prestigious textbooks, burying it alive! And
the following generations quietly followed. This mistake will possibly seem
funny (using temperate words) in the history of medicine. We don’t blame
them; they had so many things to do. But they also succeeded in slowing
down publications able to remedy this mistake (once the tool was in the right
hands), and this caused more harm.

Before dealing with this harm. How did ultrasound of the lung happen?
Initially, it is true, we saw only “snow” or “fog,” like on an old TV at night.
Yet we had the leisure to spend days and nights on it. This was just (insa-
tiable) curiosity, wondering why these futile parasites were sometimes hori-
zontal, sometimes vertical, until the day when, scanning a young patient
with an acute interstitial pneumonia, we had a revelation. Maybe these “par-
asites” were a language. A language that we just did not understand. In our
quest to define critical ultrasound, it appeared that the lung would be the
major part. These ultrasound beams were so smart and also able to “cross”
the lung. With observations, assessments, time for hope and disillusions,
then simplifications, nomenclatures, standardization, we arrived at the point
where a simple approach using a simple machine, a simple probe, and sim-
ple signs was legitimate. This initiated a work of endless submissions. We
aimed at rapidly publishing the lung first, the absolute priority. This was a
mistake.

This mistake (defining critical ultrasound before widespreading it)
prevented us from popularizing nonpolemic fields since 1985 (like peritoneal
blood detection — without acronym). Discovering was rather easy, but
publishing was almost impossible. We did not publish the majority of our
discoveries in the peer review literature. Our reviewers were cautious. We
have always respected their work, even if it resulted in breaking our research.
Countless teams throughout the world can thank them: while we were stuck
with this impossible to publish work on the lung, these authors were able to
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quietly publish and publish some more. Leaderships emerged here and there
in emergency ultrasound. We are glad for them: our “cake” was too big for
one mouth. What remains today from this cake is a minute part — just the
lung! This is good as it is. Too many papers in too few hands is probably not
good. We are glad to have made so many doctors happy and famous (far more
than the number of patients we have saved!). We have now brothers and sis-
ters all over the world who all “think ultrasound.” This is great, let us not be
too demanding! We know how pleasant it is to publish. In addition, we see the
endless work (invitations, etc.) generated by the few articles we were able to
publish. For this, also, we thank those who published our discoveries.

The dark consequences of our countless rejections were that mainly laptop
machines were invading our hospitals. These machines were chosen by
experts, while researchers in the shadows (those who created the field) were
judged unworthy of this responsibility. Emergency doctors discovered the
worst aspects of the tool: the appearance of being small, a complicated
knobology, poor resolution, endless start-up time, cost, “facilities” such as
harmonics, and time lag — the worst for lung ultrasound! This revolution was
a poor copy and paste of radiologic and cardiologic cultures. Since 1992 and
even 1982, we had in hand a tool that could make this revolution really
disruptive, using a holistic philosophy. Our simple, beloved Japanese unit
was more suitable than these laptops. To begin with, it was just slimmer! This
is another incredible paradox of critical and lung ultrasound. In parallel,
many misconceptions became common (e.g., today, for many emergency
physicians, the definition of interstitial syndrome is based on the detection of
more than three B-lines). Such distorsions may be spread widely and quickly
via the Internet, but are here... wrong. This situation created the conditions for
writing our textbook, devoted to giving to experts support to be even better.
This means for us, instead of a good nap, an endless work in the times to
come.

This textbook comes at a convenient time. The words “lung ultrasound”
are no longer scary. The previous dogma resulted in disastrous effects on
choices of equipment. How can one explain the weird delay in the recognition
of critical and lung ultrasound? The human factor possibly explains every-
thing: a doctor who thinks he is good does not need to invest in a new field,
especially if it comes from the mist. We give a piece of advice to researchers:
begin young! Our story illustrates the words of Max Planck, who said, “an
idea wins, not because its detractors are convinced, but because they eventu-
ally... die” and Stuart Mill, who stated that “all innovators had to pass through
three steps: ridicule; observation; application”.

How Does LUCI Make Critical Ultrasound
a Holistic Discipline

We did not create lung ultrasound but a holistic ultrasound, with the lung at
the center. We may provocatively assert that there is no lung ultrasound, there
is just critical ultrasound, integrating the lungs. Lung ultrasound comes in
harmony within critical ultrasound. LUCI encompasses more than just the
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lung. Integrated with simple cardiac data, it provides answers in the hemody-
namic field (FALLS-protocol). Some even think that those who come to
CEURF (Le Cercle des Echographistes d’Urgence et de Réanimation
Francophones) sessions should forget their previous culture (from Rafik
Bekka). This is a bit strong, but we do ask them to temporarily put aside all
their knowledge (Doppler, cardiac output, etc.) to catch the spirit of the
FALLS-protocol, integrate it, and then return to their previous habits with a
bit or more of the CEURF vision.

The challenge in creating a truly holistic innovation was to transform a
scary machine into a simple clinical tool, used 24/7/365 by simple clinicians.
We used not only science but tools such as a piece of cardboard with holes to
hide the useless buttons and highlight the three useful ones (i.e., creating, 25
years earlier, the innovation recently developed by a popular Dutch brand: a
magic button with two levels: expert and basic). Button or cardboard, never
mind, the expert knobology of ultrasound could be skipped. Far from daring
any comparison with René Laénnec, simply inspired by his great work, we
built our instrument. Laénnec was the father of the stethoscope, of course, but
mostly of a new science based on observation. It was the step before the mod-
ern era initiated by Claude Bernard. Laénnec had a difficult life, and he began
from nothing, which is an impossible task for those who change something in
medicine (such a serious profession). With lung ultrasound, the work had to
begin from less than nothing. There “was no lung ultrasound.” It developed
against a dogma; this was another challenge.

Some precious colleagues from various centers, including Raul Laguarda
in Boston, Beth Powell and Jeff Handler in Toronto, Mike Welsh in
Indianapolis, and German Moreno-Aguilar in Colombia, have efficiently
transmitted the holistic spirit of lung ultrasound in the manner of CEURF.

LUCI: A Tool for Whom?

We have never designed who had to hold the probe. It was more important to
show what was possible to see; for example, the lung. The historical experts
(the radiologists) had a major opportunity, which they did not take advantage
of in time. This is a pity because, knowing the basis, they could transmit the
method immediately. These times are passed, and now the tool is in the hands
of clinicians. We hope that LUCI will be used by all physicians dealing with
the lung. This means, as an utmost priority, intensivists, pediatricians (neona-
tologists, PICUs, etc.), and pre-hospital doctors. Next is anesthesiology,
emergency medicine, pulmonology, cardiology, and many others (see Chap.
33). This change will impact a number of unexpected disciplines.

Still a Single-Author Textbook?

Luciano Gattinoni told us of his preference for these books. It means more
work for the author, but provides a homogeneous content, avoiding repeti-
tions (or worse, contradictions). The coordination is optimized, as well as the
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thickness: a maximal quantity of information in a minimal volume. The writ-

ing by a single author was the key for reaching this target.

Of interest, our specific equipment allows an approach based on absolute

simplicity. One of our challenges was to change ultrasound into a clinical

tool, making each step easier for non-“experts.” This textbook shows a win-
ning combination (machine, probe, signs, etc.). Simple machines, available
as early as 1982, and a different distribution of priorities (lung first) allowed
more than just a transfer of “competencies.” Self-taught in critical ultrasound

(because nothing existed), free of any influence, we had a major privilege:

creating signs as we saw them, for example, not defining pleural effusions as

“anechoic collections.” When all teams have our equipment and protocols,

then many expert multi-author books, similar to this one, will be available.

This book contains unpublished material, that is, “ideas” for other teams.
Why? There are roughly three ideas per page, which is not far from 1,000 in
a single textbook. We have succeeded in publishing roughly one paper per
year (a mini-disaster), making for two dozen papers, or roughly 2.5 % of our
goal. Make a calculation: send out 1,000 manuscripts (with five anticipated
rejections for each, i.e., 5,000 mailings) or just one textbook. What would you
do? We chose to write, all in one, the ideas that we will never publish. The
readers have a choice: read our non-peer-reviewed experience, tested by 30
years of full-time intensive experience, with permanent confrontations with
reality, acceptance of failures, and pertinent criticisms; or wait for each article
to be published. The lucid author offers these applications to keep in mind the
most important: we deal with patients. This is our small gift to the commu-
nity. Interested teams will just have to randomly open the book and begin a
clinical study; we are ready to help them.

All authors have always, without exception, only one unique target: being
useful to the patients. This is true for all. Most are great, most publish good
articles, some publish amazing quantities, even if we could see in some a
subtle art of visibility, or some curious cases of self-proclamation, sometimes
again the art of pushing open doors. We were unable to comprehensively
quote all authors, and we deeply apologize for this. In our first underground
period, we had plenty of time but nothing to read. Now, publications are
countless, to the point that we have only time to read their titles. Just note:

1. An explosive number of papers were the result of the recent (and unneces-
sary) intrusion of the laptop machines in emergency rooms. These publi-
cations usually show that emergency physicians can do as radiologists,
after a defined number of examinations. Such articles are laudable, but this
has nothing to do with the present textbook. Some are quoted.

2. Works that confirm published points are reassuring but will not modify the
content of this textbook. Similarly, articles showing that a sign that worked
in 100 patients works in 1,000 or 10,000 won’t add anything new. They
just confirm that it works. Some are quoted anyway.

3. Many articles extensively develop points that were found in modest text-
books in one simple sentence (e.g., the diagnosis of hemoperitoneum, not
far from a religion for many emergency physicians, was dealt with in 12
lines in our 1992 textbook). Some are quoted.
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To conclude this section, the author apologizes for possible errors or
omissions, and will as always pay close attention to any remark.

LUCI: A Permanently Evolving Field. Additional Notes
to This Edition

We mentioned LUCI after our clinical debut (1985), a time for gathering
expertise. Once the 12 signatures were described (1989-1990), assessed
(1990-1993), and published (from 1993 to 2006), successive evolutions were
made. The main clinical relevance of LUCI was published: the BLUE-
protocol in 2008. The hemodynamic potential of LUCI was published
(FALLS-protocol) in 2009 and 2012. These protocols aimed at simplifying
echocardiography. Our work on the neonate (our main priority) was finally
published in 2009 and heralded by the LUCI-FLR (Lung Ultrasound in the
Critically Ill Favoring Limitation of Radiographies) project for reducing
medical irradiation. The holistic power of lung ultrasound was best illustrated
in 2014 with the SESAME-protocol (cardiac arrest). Holistic ultrasound, a
technical (not mystical) concept, indicates that, without the lung, critical
ultrasound cannot be a complete discipline.

Rarely a month passes without new findings. During the production of this
book, our research did not suddenly stop. Following are points that came too
late to be included.

Additions to This Edition

Chapter 2, on the unit. Some colleagues (Lindsay Bridgford, Sydney)
informed us that the batteries of these laptops are not devoid of severe
issues.

Chapter 3, on the probe. In the search for a compromise for those who do not
have our universal probe, we tend to favor the abdominal probes. Yet the
effort of holding a heavy probe prevents keeping it perfectly still, generat-
ing minute parasites at the Keye’s space, which can destroy the subtle
semiology of the seashore sign. Finding a good compromise is really
difficult.

Chapter 12. Some B-lines seem to have one top and two ends (in the absence
of a filter such as harmonics). See, in Fig. 12.1, the second B-line from the
left. This pattern (the bifid B-line) should be considered as one B-line.

Chapter 17. Please note that atelectasis is a lung consolidation but not really
an alveolar syndrome (alveoli are collapsed).

Chapter 17. Comet-tail artifacts arising from the fractal line of a non-translo-
bar lung consolidation are not B-lines. We could temporarily call them
“fractal comet-tails.” Consequently, a fractal comet-tail is a sign of lung
consolidation.

Chapter 18, page 138. Calf veins are sometimes not visible simply because
the leg is lying on the bed. The use of the Doppler hand at the first step,
creating a “negative compression,” should make more calf vein volume
appear.
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Chapter 30. How much fluid therapy is to be used in septic shock? Read the
chapter well: not one drop!

Chapter 31, on cardiac arrest. Machines unable to record a sequence if the
patient ID was not previously inserted are not in the spirit of critical
ultrasound.

Chapter 31. One application among hundreds for lung sliding. The pneumo-
thorax is sought for before cardiac compressions (because they can break
ribs) and just after return of spontaneous circulation management for the
same reason. According to recent recommendations, patients with cardiac
arrest should no longer be ventilated. We ask, why not? However, those
who follow these recommendations must be prepared to perform CPR for
hours without making the diagnosis of pneumothorax, which can be pro-
vided by the SESAME-protocol in a few seconds.

Chapter 33. One more discipline has shown interest: palliative medicine,
where the tools are scarse (nice reminder of Gabriel Carvajal Valdy).

What Is New in This Edition

The more space the lung took, the more the book adapted. The CEURF
protocols (BLUE, FALLS, SESAME, Pink, CLOT, and Fever) are fully
detailed. Compared with previous editions, each chapter has been completely
rewritten, divided, and redesigned. A detailed venous protocol, the best of the
simple heart, was again refined. “Traditional” areas (critical belly, blood in
the abdomen, procedures, etc.) were made much shorter. Gyneco-obstetrics,
appendicitis, and other topics with little to do with a book on lung ultrasound
were deleted. Again, the rare situations were sacrificed to the profit of daily
life. Propaganda talks (i.e., why to do ultrasound) are gone: the community
has understood.

What is unchanged is the spirit of simplicity, a basis of holistic ultrasound,
pushed to its limits without compromising the patient’ safety. There are still
no Doppler images. Regarding our wish to decrease radiation, expressed in
1992 (before these dangers were officially pinpointed), an entire chapter is
now devoted to a standardized way of achieving this aim (the LUCI-FLR
project) through our dear target: the lung.

Lung Ultrasound: An Accessible Discipline, or Not?

By considering the thickness of this book (which we made as thin as possi-
ble), one may think that LUCI is an expert discipline. Yet only one-fifth
describes the “alphabet”: the rest is for applications. Once an alphabet is mas-
tered, one can create words, sentences, then books, newspapers, poetry, and
so on at will.

Our aim is to make LUCI not more complicated than it actually is. If one
takes a unit, a probe, and settings that make things complicated, then, yes, one
builds a complex discipline. Acrobatic airplanes are not built like commercial
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ones. Many laptops allegedly devoted to critical care have been designed like
commercial airplanes.

Lung ultrasound is simple mainly because the lung is a superficial organ,
and the diseases are superficial, that is, accessible. The signs have been
standardized to be as simple as possible (quad sign, fractal sign, etc.). Lung
ultrasound is accessible if one learns step-by-step. This minimal investment
pays off: those who focus on a single item, for instance, lung sliding to simply
rule out pneumothorax, will use LUCI 10 times a day in 10 disciplines. The
adjunct of one other simple sign (e.g., lung rockets) multiplies the potential,
and so on up to full mastery.

Those who do us the honor of reading this textbook will tell us and their
peers whether it succeeded in answering the challenge and in improving, even
just a little, this area of medicine.



Partl
The Tools of the BLUE-Protocol



Basic Knobology Useful

for the BLUE-Protocol (Lung
and Venous Assessment)
and Derived Protocols

Notions of the physical properties of ultrasound
are not indispensable for the user (as we wrote in
our 1992, 2002, 2005, 2010, and 2011 editions).
Interested readers will find them in any ultra-
sound textbook.

We will discuss here the notions useful for
understanding critical ultrasound. Every maneu-
ver which favors simplicity will be exploited.
Space will be used for explaining why only one
setting is used; why, at the lung or venous area,
only one probe orientation is favored; and how to
easily improve the image quality.

Preliminary Note on Knobology.
Which Setting for the BLUE-
Protocol? Which Setting

for the Other Protocols (FALLS,
SESAME, etc.) and Whole Body
Critical Ultrasound?

An ultrasound machine includes a various num-
ber of buttons, cursors, functions, etc. In our rou-
tine, we use only three functions:
1. The gain
2. The depth
3. The B/M-mode

The sole use of these three buttons converts
any complex unit into a simple stethoscope (since
1982).

The setting is a basic point. Our setting is not
“Lung”, but “Critical Ultrasound.” This concept,
which initiates the SESAME-protocol, allows us
to see the heart, veins, and belly (and lung) with
a single approach, a single probe [1]. Our setting
is, briefly, always the same. No filter, no facility.
The next chapter will develop this point.

Some revolutionary machines use this concept
with electronic control (basic/expert level), which
is fine, but we did the same for a lesser cost, with
a simple piece of cardboard (or thick plastic) and
a cutter for making holes and hiding those scary,
useless buttons, respectively. Since 1982, these
machines were suddenly transformed into user-
friendly units. A genuine stethoscope, making
novice users at ease.

We quite never touch the countless pre- and
post-processing possibilities nor all modern facil-
ities, mainly harmonics (see Chap. 2). Annotations
are useless when the examination is not made by
a radiologist (or technician) for a doctor: the
spirit of critical ultrasound.

The B/M mode seems insignificant. Technical
misconceptions can contribute in losing lives,
especially for diagnosing pneumothorax in diffi-
cult conditions (i.e., the most critical ones pre-
cisely). We will see in Chaps. 8, 10, and 14 that
the modern manufacturers are usually unable to
provide a left image in real time, and a right
image in M-mode: side by side and without freez-

D.A. Lichtenstein, Lung Ultrasound in the Critically 1ll: The BLUE Protocol, 3
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ing the real-time image. This configuration,
easily found in the 1980’s technology, is a critical
basis in lung ultrasound.

Read if you have time the interesting
Anecdotal Note 1 of Chap. 28, proving that lung
ultrasound could have been perfectly developed
since the 1960s.

Opinions about sophisticated modes, harmon-
ics, etc., are debated in Chap. 37. For the freeze
button, read Anecdotal Note 1.

Step 1:The Image Acquisition

Whatever the unit (even with pocket machines),
the mastery of the spatial dimension is probably
the major difficult point of ultrasound. When the
probe is moved, significant changes appear on
the screen — very unsettling at the beginning.
How to understand what happens on the screen
should be mastered in priority. We travel through
the third dimension. These changes will be inte-
grated and become automatic with practice. The
other step (interpreting the image) is much eas-
ier. The spatial control also makes the superior-
ity of ultrasound, i.e., the possibility, by a slight
change, of answering the clinical question. Even

if we assume that in the current times physicians
have all access to basic programs which explain
this delicate step, the aim of CEURF is to sim-
plify this step too.

For achieving this simplification, we will sup-
press movements we never do. Tilting the probe
for instance. For anterolateral lung venous (belly,
optic nerve, etc.) ultrasound, our probe is always
perpendicular to the skin (Fig. 1.1). The two
exceptions are (1) the heart, subcostal and apical
views, (2) the posterior aspect of the lung in ven-
tilated patients, where the probe tries to be as per-
pendicular as possible (see description of the
PLAPS-point in Chap. 6). Being quite always
perpendicular suppresses other movements, i.e.,
simplifies ultrasound (and is what we daily do).

Our microconvex probe has a sectorial scan-
ning, displaying a trapezoidal image, the probe
head being on top.

We assume that what is at the left, the right,
the superficy, and the depth of the image is inte-
grated. Note that for lung ultrasound, we adopted
the radiological convention, head to the left, feet
to the right, unlike the echocardiographists
(roughly the only element that we took from the
radiologic culture). Critical ultrasound should be

Fig. 1.1 How we hold the probe, how we don’t. Left:
Like with a fountain pen, the operator can stay hours with-
out any fatigue, and the image is stable on the screen. The
probe is applied at zero pressure, which is comfortable for
the patient and mandatory for any venous analysis as well
as the optic nerve. The probe is (reversibly) stable on the
skin, not slippery using Ecolight, which decreases the
energy needed for keeping it stable. The probe is perpen-
dicular to the skin. It is applied longitudinally. Three main
movements are arrowed. These blue arrows indicate the
Carmen maneuver (this movement is done from left to

right in this scan moving the skin on the underskin). If the
probe was transversally applied, the Carmen maneuver
would be from head to feet. The turning arrow indicates
rotation of the probe (like screwdriving). The black arrows
indicate a scanning looking like changing gears of an
automobile (of major importance to the trainee for reach-
ing the good position). Right: The pressure is not con-
trolled (a very bad habit in venous ultrasound), and this
position will generate fatigue. More severe, the hand is
not stable; this will disturb the practice of a discipline
based on the analysis of dynamics
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Step 1: The Image Acquisition

homogenized: lung with head left, heart with
head right makes no sense.

The operator must apply the probe on the skin,
then search for the best image. For that, a good
acoustic window must be found. This is really
easy, never a problem for the lung, ironically.
First, any perpendicular scan at any point of the
chest wall provides the same basic image: the
lung is “everywhere,” just below the skin. Second,
the gas is not a hindrance here. This completely
changes the traditional rules of ultrasound. At the
heart, the abdomen, etc., we admit that this step is
challenging (although countless tricks are
available).

Once a structure is detected more or less, sub-
tle movements of the probe will optimize the
image.

How We Hold the Probe Basically

Critical ultrasound analyzes vital structures, i.e.,
permanent movements. The operator’s hand
must be standstill (Fig. 1.1): the dynamic should
be generated by the patient alone (never the
operator’s hand). Figure 1.1 shows how we do
not hold the probe. Uncontrolled movements of
the probe create dynamics which bring nothing.
Ecolight®, our contact product, allows to save
energy usually lost for stabilizing a slippery
probe (Chap. 2). We find critical to hold the
(microconvex) probe like a fountain pen between
the thumb and index fingers (+/— medium etc.),
with the operator’s hand quietly applied on the
patient’s skin. For many parts, we work at “Zero
pressure”: the probe is applied to the skin until
an image appears on the screen. This minimal
pressure warrants absence of pain (or cardiac
trouble when working onto the eyelid), absence
of fatigue (in prolonged examinations), and
absence of errors (too much initial energy will
result in squashing veins).

Some beginners hold the probe too tight. This
probe must be withdrawn without effort from
the operator’s hand by another person. One
secret is the suppleness of the hand. Often, the
young user is discouraged since he got a subop-

timal image, whereas the experienced user
comes nonchalantly after and obtains a much
nicer image. Yet the difference is often due to
minimal changes. Whereas the probe keeps its
mark on the young user’s hand (like, almost
always, the joystick of a first flight — a sign of
intense crispation), the experienced user holds it
slightly and is not afraid to move it liberally. The
Carmen maneuver (see just below) is to our
knowledge the best way to dramatically improve
an image.

The Elementary Movements

One secret for a steep learning curve is to study

them one by one. Associating rotating and

scanning movements would be challenging at
the debuts. We use three elementary move-
ments (Fig. 1.1). Instead of complex words

(pivoting, translating), we use familiar

comparisons.

1. Changing a gear (from lst to 2nd speed).
Sliding a longitudinal probe in a craniocaudal
axis, from a rib to the lower intercostal space,
positions the pleural line between the two ribs.

2. Screwdriving. Rotation on its main axis: the
study of a vessel on its short axis (for DVT
detection) then on its long axis (for
cannulation).

3. Painting a wall. All probes (apart from car-
diac) can be assimilated to brushes, with 2
axes. The Carmen maneuver is a simple
movement that we permanently make. It is
like using a large brush, but with the probe
nearly standstill, just using the gliding of the
skin over the underskin (making a centimetric
amplitude to each side). Our contact product
helps in “sticking,” reversibly, the probe to the
skin. This subtle maneuver allows us to have
immediate control of the image: it helps in
optimizing the image quality when scanning
an intercostal space or any other area. It shows
immediately a vascular couple that was not
obvious on a static view, making Doppler far
less useful, at least for helping locating the
vessels.
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The Second Hand in Critical
Ultrasound

At CEUREF, critical ultrasound is performed with
both hands. The second hand is permanently used
for countless uses. It helps for slightly turning the
patient’s back for prompting a posterior lung
analysis (Fig. 6.4). It makes the venous compres-
sion possible in reputed noncompressible areas
(Fig. 18.16). It helps the probe’s hand to push the
gas in an abdominal scan (Fig. 28.7). It takes the
compress soaked with our contact product, mak-
ing the operator ready to extend the field of inves-
tigation with no loss of time.

This is why we do not share the general enthu-
siasm generated by the pocket machines, where
the spots always show smiling faces holding the
machine in one hand, the probe in another (read
Anecdotal Note 5 of Chap. 18).

Longitudinal or Transversal Scans?

Ultrasound can be made easy or difficult.
Choosing longitudinal or transversal scans is part
of this policy. Note that, strictly speaking, longitu-
dinal and transversal are terms which refer to the
craniocaudal and left-right locations of the human
being. Axial and cross-sectional scans refer to
structures with one long axis and one short axis
(vessels, heart, kidneys, intestines, gallbladder,
etc.).

The BLUE-protocol advises to scan the lung
always longitudinally, the veins always in their
short axis. By considering only one axis per
structure, the difficulty is divided by two.

Figure 18.1 shows that most veins are roughly
parallel to the longitudinal and transversal axes.
For studying a vein, the choice of an axial
approach is a bit similar to the violin practice,
the cross-sectional approach to the guitar
(Fig. 1.2). Violin is more demanding than guitar,
where the pitch is self-adjusted. Studying a ves-
sel through its cross-sectional scan is easy: once
the probe is applied, the vascular couple is
immediately recognized. If not, the Carmen
maneuver makes it. Even if the hand of the oper-
ator moves, using this maneuver, the vessel

Fig. 1.2 Long vs. short axis. Cross-sectional vs. axial
scan. This figure shows these two incidences for
approaching a tubular structure — with a slight drift.
Whereas the cross-sectional scan (black, 3°) is roughly
insensitive to this drift, the axial scan (red, just 2°) is
much more affected. Slight movements can make the vein
disappear out of plane, at worst simulating a positive
compression maneuver, and all in all make ultrasound a
more difficult discipline. Cross-sectional scans are easy
like guitar (long axis difficult like violin): the vein is
always promptly visible on the screen (one is free to pre-
fer violin anyway)

remains stable in the gunsight. Making an axial
approach requires millimetric precision. Some
operators even halt breathing. At the lung area,
the practice of transversal/oblique scans (in the
rib axis) would make ultrasound a difficult
exercise.

Step 2: Understanding
the Composition of the Image

We assume the readers have enough experience
for knowing what are the white, gray, and black
components of the images. We assume they mas-
ter the words echoic, hypoechoic, hyperechoic,
and acoustic window. An acoustic window can be
physiological (bladder for the analysis of the
uterus) or pathological (pleural effusion used to
study the thoracic aorta).

Gain

Optimal control of gain is obtained with experi-
ence. At the lung, this step can be standardized.
Radiologists have long defined the best gain as
giving a gray (healthy) liver and a black (healthy)
gallbladder content. We can do the same with
lung ultrasound: the best gain gives black
shadows of ribs, grey parietal tissues, and white
pleural line (Fig. 1.3). In the units we use, the
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Step 2: Understanding the Composition of the Image

Fig. 1.3 Standardized gain for
Longitudinal scan of the lung. Left: The gain is too low.
Details are lost. Middle: The gain is optimal, clearly

lung ultrasound.

proximal, distal, and global gains can be adjusted.

That said, we modify only the global gain, from

time to time, and quite never the proximal and

distal gains.

We very quickly remind the components of
the echogenicity:

e Parenchyma, venous thrombosis, lung con-
solidation, hematoma, and gallbladder sludge
are echoic.

¢ Abscess and necrosis are less echoic.

e Pure fluid collection or circulating blood is
anechoic. Some artifacts are anechoic (acous-
tic shadow of bones).

* Some artifacts are hyperechoic (repetitions of
air mainly).

* Interface, surface of ribs, gas, and cardiac
valve appear white.

Deep fat is hyperechoic such as mesenteric fat
(allowing us to perfectly locate the mesenteric
artery). We did not invest a lot in this field, but, for
those interested, commercial oil is anechoic, and
commercial butter has a tissular, liver-like pattern.

Artifacts: One Basis of Lung
Ultrasound

The analysis of artifacts (traditionally a hindrance
in the ultrasound’s world, a foe to eradicate with
no mercy) is the basis of critical ultrasound.
Artifacts are created by the principle of propa-
gation of the ultrasound beam. The beam is
stopped by air and bones. How to recognize an
artifact is the easiest part: these are images with

showing the pleural line. Right: The gain is too high:
superficial areas are saturated

regular, straight, and geometric shape, usually ver-
tical or horizontal, more precisely converging to
the head of the probe (the top of the screen) like
parallels or meridians. This is the common point to
nearly all artifacts. Real images have totally differ-
ent shape: anatomic, never fully regular, and suit-
able for measurements (e.g., lung consolidation).

Some words should be familiar.

Reverberation or repetition artifacts. They are
the basis of lung ultrasound, generating the
A-lines and B-lines, mainly. The profiles of the
BLUE-protocol with artifacts (A, A’, B, B’ pro-
files) create a complete acoustic barrier below the
pleural line: they obliterate any information
located deeper.

Acoustic shadows. They are anechoic barriers,
arising behind bone structures, also hiding deeper
information (see Fig. 8.1). The rib shadows are
basic landmarks of lung ultrasound.

In thoracic ultrasound, a longitudinal view
makes an alternance of artifacts: acoustic shadows
behind the ribs, reverberation artifacts behind the
pleural line, either horizontal (A-lines) or vertical
(B-lines), again shadow of the rib, etc. This is
(probably) a main factor which originated the
dogma of the unfeasibility of lung ultrasound [2].

The acoustic enhancement is a popular artifact
which we quite never use. Never in LUCI, excep-
tionally for venous scanning, just before compress-
ing apparently empty veins. Therefore, no figure is
provided (see if needed Fig. 1.7 of our 2010
Edition). It indicates the fluid nature of a mass in
traditional ultrasound (the liver parenchyma is more
echoic behind the gallbladder than lateral to it).
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Dynamics: The Other Basis of Lung
Ultrasound

Critical ultrasound scans vital organs: lungs,
heart, vessels, and bowel mainly. A common fea-
ture to any vital structure is a permanent dynamic,
from birth to death. The brain? Read Anecdotal
Note 2. A vital structure that does not move is
dead or dying. The M-mode button allows dem-
onstration of any dynamic on a frozen picture.
Almost all diagnoses at the lung area consider the
dynamic dimension: pulmonary edema, pneumo-
thorax, pneumonia, pleural effusion, complete
atelectasis, among others. This textbook shows
examples of pathological dynamics in pneumo-
peritoneum, mesenteric infarction (Chap. 34),
and floating thrombosis.

Dimensions

Dimensions can be accurately measured by freez-
ing the image and adjusting electronic calipers.
Yet in critical ultrasound, there is not so much
time, nor need, for measurements (see through
this book).

Step 3:Image Interpretation

Only the operator’s familiarity with the field,
enriched by reading the literature and personal
experience, will indicate which conclusions can
be drawn. For instance, a lung consolidation at
the anterior chest wall will have a specific mean-
ing. Previously, this operator has carefully
learned to choose an appropriate machine, an
appropriate probe, switch on the ultrasound unit,
check for the proper gain, by-pass useless modes,
hold the probe correctly, locate the lung surface,

and recognize this consolidation through its spe-
cific sign (the fractal sign).

Impediments to Ultrasound
Examination

First have in mind that the most sophisticated
machines, as well as the most flashy pocket
machines, are unable to cross the bones, dress-
ings, and air.

At the Lung Area

Air at the lung level was traditionally considered
an absolute obstacle; now all doctors know that
this dogma was wrong. What is true is that the
air immediately visible at the lung surface pre-
vents us to see deeper. This is one of the para-
doxes of LUCI: not a big issue (principle N° 7,
see Chap. 5).

The real obstacles are really few. Huge dress-
ings that cannot be withdrawn easily are the
main one. Subcutaneous emphysema is a hin-
drance for beginners (and for experts in
advanced stages); see how to deal with it in
Chap. 14 on pneumothorax. Images are more
easy to define when the BLUE-points are fol-
lowed (see Chap. 6), and the scapula is not put
by mistake on strategic areas (see note, p. 53).
Only in exceptional cases, an image remains
difficult to interpret.

Lung Apart
In the rest of the body, mainly the abdomen, there
are so many organs that, we agree, ultrasound
may appear an esoteric fog for the beginner’s
eyes.

Gas and ribs interrupt the image. This draw-
back of ultrasound, one of the rare, is not found
with radiography, CT or MRL
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Bowel gas is, per se, an inescapable obstacle.
However, a gas can move, like a cloud previously
hiding the sun. Before concluding that the
examination is impossible, the approaches must
be diversified: one must sometimes wait and try
again. Both operator’s hands may be able to
shift the gas (see Fig. 28.7). For getting rid of
the gas, our maneuver is slight expiratory pres-
sure, maintaining the pressure during next
inspiration, then exert a slightly superior pres-
sure, and so on — with patience and method —
this is the most pacific and efficient way.

Thick bones are absolute obstacles. Fine bones
(maxillary bones, scapula) are transparent to the
ultrasound beam. Using these windows, ultrasound
extends its territory throughout the entire body.

Subcostal organs (liver and spleen) can be
entirely hidden by the ribs and cannot be ana-
lyzed using the abdominal approach. Our uni-
versal probe scans through the intercostal spaces,
creating an incomplete vision — but fully adapted
to the information required in the critically ill.

Obese (currently, the elegant term is “chal-
lenging”) patients are traditionally not candidates
for ultrasound (nor CT nor any imaging modal-
ity). The devoted Chap. 33 will show that the
problem is surprisingly limited.

Extensive dressings, devices, G-suits, cervical
collars, etc., are real hindrances.

In daily practice, a really non contributive
examination is rare. All in all, ultrasound answers
aclinical question with a clear analysis in 80-90 %
of cases [3]. At superficial areas (lung, veins, optic
nerve, etc.), the answer is quite always possible.

Anecdotal Notes
1. The freeze function

The freeze button is apparently insignifi-
cant. If one operator (sonographer) provides a
static image, and another operator (radiologist)
interprets this image (i.e., US used at the US
sauce), the potential of critical ultrasound is
not exploited. Our philosophy stems from
deactivating the freeze function. Critical ultra-
sound is a real-time discipline.

2. The brain, a vital organ?

Some would argue that the brain does not
move. We answer that the brain, our most pre-
cious organ, is not a vital organ (life is possible
without). Critical ultrasound just tries to
always use the right word. Here, this is just a
detail which does not change any action, but
words should have a major relevance when a
new discipline is defined.
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Which Equipment for the BLUE-
Protocol? (And for Whole-Body
Critical Ultrasound). 1 - The Unit

If we give the paternity of the ultrasound
revolution to the laptop machines, the merit
of the physicians who developed critical
ultrasound at the bedside before the advent
of these technologies (using smaller equip-
ment, superior in many respects) would not
be considered.

With its use of complicated machines (even
laptops) with complicated techniques and
nonsuitable probes, ultrasound remains a
complicated discipline. The use of pocket
machines will not make critical ultrasound
simpler. Their small size does not eliminate
the main steps (or difficulty): probe han-
dling, image acquisition, and image inter-
pretation. Most hypermodern machines,
which destroy real time (instant response)
and artifacts, can harm lung ultrasound.

The essential thing with laptop technology
is to note the width and not the height of the
unit. This is because obstacles are lateral,
not above. Remember that the unit always
remains on its cart (an excellent accessory,
by the way). We need narrow units, not
laptops.

This chapter should be read carefully by users
who want to understand what holistic ultrasound
is (and, for example, practice the SESAME-
protocol, the use of ultrasound in cardiac arrest).
Each word of this chapter (and the next one cov-
ering the probe) is important. The reader may not
understand the importance until he or she faces a
cardiac arrest (dealt with in Chap. 31).

As in the 2010 edition, this chapter will be
neutral, only describing facts (and repeating
them, if necessary); more personal opinions are
given in Chap. 37. Some readers may be sur-
prised to see described here a 1992 technology
unit. Perhaps “1992” sounds slightly antique, but
if we add that the last update (just cosmetic) was
done in 2008, they will read the text with more
attention. This machine, fully adapted for critical
care, has not yet been replaced, and we will
describe why we still use it.

Critical ultrasound heralds a new discipline
(that we can call visual medicine). The simpler
we make it, the more widespread its use will be.
When we wrote our 1992 textbook, interested
physicians had in mind traditional, cumber-
some, complex machines. When we wrote the
2005 edition, all physicians had in mind laptop
machines, which had roughly the same width
(including the cart, usually 60 cm) and a smaller
height (which is of no interest within hospitals).
As we write the present edition, all physicians
have in mind the pocket machines, which are
easier to steal and more cumbersome than
apparent, for their image quality is not always
optimal.

D.A. Lichtenstein, Lung Ultrasound in the Critically Ill: The BLUE Protocol, 1
DOI 10.1007/978-3-319-15371-1_2, © Springer International Publishing Switzerland 2016
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We understand that users are attached to their
machines. If they are persuaded that the modern,
up-to-date machines (which do not integrate the
lung) are better than older ones, let them appreci-
ate their machines. Some are even persuaded that
laptop technology was what made the birth of
critical ultrasound possible. The most coura-
geous will see for themselves and make their own
opinions, if they realize that the craze for these
machines results from a slight confusion: a
machine with small height (i.e., a laptop) is of no
interest to those who work inside hospitals.
Smaller machines existed long before — and
worked better.

The Seven Requirements We Ask
of an Ultrasound Machine Devoted
to Critical Care - A Short Version
for the Hurried Reader

We continue using a machine manufactured in
1992 (last update 2008) because of seven critical
criteria. Are they present in the today’s laptop
machines? Sharp reading of this chapter (and the
section on laptops in Chap. 37) answers this
question.

1. The size. Our unit is small: a width of 29 cm,
a critical point in a setting where each centi-
meter counts. Its intelligent cart fits the
machine exactly, making an efficient width of
32 cm. The cart is an important piece. It is
mounted on wheels, and these wheels allow
transportation of even heavy material (our
machine weighs 12 kg) with two fingers, from
the intensive care unit (ICU) to the emergency
room (ER), between a patient and the ventila-
tor, and so on. The wheels are the key factor in
the revolution.

2. The image quality. The image comes from a
cathode ray tube providing analog resolution
(as demonstrated by all figures in this book).

3. Its switch-on time. Seven seconds, which is just
enough time to take the probe, the contact prod-
uct, and begin scanning, in time-dependent set-
tings as well as multiple daily managements.

4. Flat design. The keyboard is flat and its design
is compact, allowing efficient cleaning, a criti-
cal requirement between patients.

5. Simple technology. The three main buttons are
easy to find in extreme emergencies. The
absence of a destructive filter and of Doppler
explain its cost-effectiveness.

6. The probe. Its large-range, 5-MHz microcon-
vex probe is suitable for whole-body analysis
and qualifies as universal. This small probe can
be applied anywhere without need for change.

7. The cost. We appreciate the low cost of this
system, a basic point, because it has allowed
easy purchase by hospitals, thus saving lives,
since 1992.

A nonscientific point, apart from these seven:
its aesthetics. Combined with the technical
advantages, it gives the feeling of a harmonious
tool. Those readers familiar with the Millennium
Falcon of Star Wars will recognize our unit: rus-
tic perhaps, but the fastest in the galaxy.

A Longer Version: The Seven
Requirements We Ask

of an Ultrasound Machine Devoted
to Critical Care

We now go into more detail. These seven criteria
contribute to making critical ultrasound an easy
daily tool.

First Basic Requirement: A Really
Short Size

It is important to find a location for the machine
between the patient and the ventilator. Each cen-
timeter is important. The critical dimension (for
those who have high ceilings, i.e., those who
work in hospitals) is the width (Fig. 2.1).
We invite colleagues to measure the width of
their machine (using the instrument in Fig. 28.2).
We use our 1992 (updated 2008) machine every
day because of its small width, 29 cm by itself,
32 cm with the smart cart, no matter its height,
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Fig. 2.1 A figure that speaks more than a full chapter. In
all the hospitals in the world, the ceilings are high enough.
The obstacles come from devices that strangle us later-
ally, preventing the machine from being brought rapidly

and it fits between beds without problem. This is
one of the paradoxes of critical ultrasound.

The PUMA concept highlights our vision. It is
fully detailed in the Appendix 1. For doctors
working outside the hospital (in airplanes, etc.),
please see below.

Second Basic Requirement:
Intelligent Image Quality

The figures in this book show why we respect our
1992 image quality, generated by analog technol-
ogy (cathode ray tube). The weight of the cath-
ode ray tube is not a problem because it is carried
by the wheels of the cart. Figure 2.2 shows our
definition of a suitable resolution.

What is holistic ultrasound? Having a cathode
ray tube provides the best image quality and pro-
vides a top (there is no top with laptop machines).
This top can support objects, allowing one to
decrease the lateral volume, arrive faster on-site,
and save more lives.

on site. Each saved centimeter makes the difference. This
unit is much thinner than laptops (the big machine at one
side is not so large compared with a standard laptop
machine; just measure for yourself)

Third Basic Requirement: Short
Start-Up Time

In cardiac arrest, or in multiple routine daily uses,
the start-up time plays a basic role. With our
1992 technology, it is 7 s. Each additional second
is an issue. There is no complicated program to
start-up. It is pure visual medicine.

Fourth Basic Requirement: Access
to an Intelligent Microconvex Probe

The probe is perhaps the most important part of
critical ultrasound — the bow of the violin. The
traditional culture requires cardiac phased-array
(2.5 MHz) probes for the heart, abdominal
(3.5 MHz) probes for the abdomen, vascular
(7.5 MHz) probes for the vessels, and endovagi-
nal probes for the vagina. We use none of these
probes. We considered a distinct chapter was
worthwhile, and the next one is fully devoted to
this critical point.
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1982

Fig. 2.2 A backward step of 25 years. A nice revolution
(the laptops), but a questionable resolution. This figure
summarizes a small drama in the history of (lung) ultra-
sound. From top to bottom (top, our ADR-4000) (middle,
our Hitachi 405); note in the bottom line how the image

Fifth Basic Requirement: Compact
Design - for Efficient Cleaning

We respect our current patient and also our future
ones. Accordingly, the cleaning of the machine is
a critical point in the ER, and even more so in the
ICU, not to mention the pediatric ICU. Our 1992
machine has a flat keyboard, which can be effi-
ciently washed in a few seconds. Its compact and
smooth body with the unique probe is also rap-
idly cleaned if necessary (see Chap. 4).

Sixth Basic Requirement: Intelligent,
Simple Technology

This section is long but is worth knowing. How
can a higher technology be of lower quality than
previous ones? This point, at the center of critical
ultrasound, is also one of its main paradoxes.
Sophisticated programs have been conceived that

(42 cm)

quality has worsened. The bottom line (modern laptop)
shows the way many physicians discovered lung ultra-
sound. Please just compare: a backward jump of 25 years
for no gain of space

slightly improve tissular imaging (a minor benefit
for us) and greatly worsen lung imaging, which is
most critical.

As an example, imagine two simple radio sets.
Select the same channel, one on FM to your left,
one on LW to your right. You will immediately
hear that the FM sound is clearer, but the sound
of LW comes sooner. If your main interest is to
get the information as soon as possible, and if
you are able to hear the info anyway, the antique
LW technology will be superior. Critical ultra-
sound is a different discipline with specific
requirements.

The Point About Doppler -

The DIAFORA Concept

We do not use Doppler. This will be commented
upon throughout this textbook, for each classical
application. Additional comments are found in
Chap. 37, in the section on Doppler, where we
explain how Doppler possibly killed, indirectly.
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The main problem with Doppler is the cost
(it triples the cost of the machine), making ultra-
sound out of reach for most hospital budgets for
decades. This factor delayed a revolution that
could have occurred in 1982 (ADR-4000®).

Our daily use is centered around life-saving
or current applications. Observations have
shown that Doppler is sometimes required, but
only in rare occasions for extreme emergency
use. We therefore developed the concept of the
Doppler Intermittently Asked from Outside in
Rare Applications — DIAFORA- to indicate
that we are not opposed to it. We just ask, from
time to time, for an outside operator with a
complex machine to come to the bedside
(Anecdotal Note 1). More than half the time,
this does not contribute to the patient’s care
(study in process).

Filters, Harmonics, Etc., All Facilities
Imagined by Modern Machines

These “facilities” were worked out by engineers,
who are smart, but they are not physicians, espe-
cially intensivists, involved in holistic, lung ultra-
sound. Let us look at them one by one.

Filters

Filters are good for radiologists because they pro-
vide images that are nice to look at. For critical
ultrasound, especially lung ultrasound, they create
a hindrance. They prevent real-time dynamic
analysis of vital organs, lungs, heart, and vessels.
Filters create a time lag that is not compatible with
dynamic analysis. The multibeam mode is per-
haps the most destructive filter for lung ultra-
sound. The more manufacturers suppress artifacts,
the more they bury lung ultrasound alive. The
recent profusion of modes is possibly a necessary
adaptation to the poor resolution of the laptop flat-
screen technology, an attempt to reach the quality
of the previous analog equipment. We inactivate
all filters. We bypass persistence filters, dynamic
noise filters, and average filters. We don’t see the
benefit of harmonics and shut off this function,
too. This kind of filter can fool young users, who
have heard that “multiple comet-tail artifacts are a
sign of pulmonary edema” (Fig. 2.3). As a rule,
we bypass all filters. Critical ultrasound is per-
formed using natural images.

Fig. 2.3 Lung rockets? Typical example of how modern
technologies can confuse. For an experienced user, it is
obvious that only one B-line is visible here, multiplied by
the multibeam concept (harmonics, etc.). A younger user
will possibly see three comet-tail artifacts, conclude there
is an interstitial syndrome, and manage the patient accord-
ingly (healthy model here)

What about facilities for challenging patients?
If some modern modes advocate making them
well echoic, we are not opposed to their use. We
fear that they improve tissular echogenicity (not a
major target, as parenchymal studies do not come
first in critical ultrasound) to the detriment of
lung ultrasound. This is one reason to invoke the
DIAFORA.

Harmonics can possibly provide nice images
to look at, especially of nonmobile organs. We
use again the concept of the perfect compromise
(see the next chapter, on the probe, especially
Figs. 3.1 and 3.2). It is true that, in some areas,
the image will be slightly less easy to interpret
because of background noise, parasites. However,
our sole question is, does it remain within the
domain of possible interpretation? If so, we
accept to have sometimes a lower quality, and
most of the time the optimal quality. For the large
majority of targets aimed at in critical ultrasound,
this is the winning choice. Lung first. The con-
cept of the perfect compromise, of vital relevance
in cardiac arrest mainly, is illustrated in the self-
explanatory Figs. 3.1 and 3.2.

The Function Focus
We have never understood what changes in the
image.
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Contrast-Enhanced Ultrasound

This mode is possibly interesting, although it
requires sophisticated, costly software. We promise
to involve ourselves in this mode once all the poten-
tials of simple critical ultrasound are covered.

Computer Technology

This condemns the user to a long switch-on time
(minutes, far from our 7-s time) and the perma-
nent risk of bugging. It is devoted to sophisticated
cardiological programs, which we do not use.

M-Mode

This is a critical function, allowing ideal use of
lung ultrasound. It will be detailed in Chaps. 10
and 14. Simply put, lung ultrasound requires two
images exactly side by side. All other settings
are either suboptimal or confusing, with deleteri-
ous risks.

The Setting “Lung”?

Which setting do we advise for the BLUE-
protocol? In the past, we were accustomed to see
the sempiternal settings “vascular,” “abdominal,”
“gyneco-obstetrical,” “urology,” “cardiac,” and so
on. Now, we have begun to see the word “LUNG”
on some modern machines. This vision gives us
mixed feelings. Looking at the entire donut, this
seems like a victory: at last, now that the commu-
nity widely believes in lung ultrasound, manu-
facturers have begun to follow. Focusing on the
hole of the donut, we wonder what is the setting
“LUNG”? What is behind it? How far did they
go? We did not assess this setting personally and
are unable at the time being to recommend one or
another of these machines.

The setting we use, the same for the whole
body, is not a “lung” setting. It is the “null” set-
ting. We need to see altogether the lungs, veins,
heart, belly, and so on, without any adaptation.
And this is what we actually do. No filter, no har-
monic, no time lag, none of these “facilities” that
are a hindrance for lung and venous ultrasound.
Our setting, ready for the worst (cardiac arrest,
SESAME-protocol), is used daily for routine
tasks (e.g., venous line insertion, checking for
bladder distension, etc.). Read Chap. 31 on car-
diac arrest.

Robustness?

Manufacturers’ advertisements claim that their
machines can fall down without (immediate)
damage. This can be of interest during wartime
but not in our setting. We are not accustomed to
letting our beloved unit fall down. This is one of
the countless reasons why the cart is a major part
of the unit.

Cable Length
This detail could be inserted above under point 4
(the probe), or 5 (compact design). The length of
the cables is anything but a minor detail, espe-
cially when they are numerous. Smart cables do
not trail. Cables lying on the ground make a nice
nest for all the microbes that proliferate there and
jump on the cables to discover new horizons.
Most importantly, in an emergency, when the
machine is moved in haste, there is the risk of a
wheel being suddenly blocked by the cable, pro-
voking, of course, the destruction of the cable
and an immediate tip-over of the machine (at best
on the doctor’s foot, resulting in lessening the
damage to the machine). This creates three vic-
tims: the machine, the physician, and the patient.
An appalling vision, which has already
happened.

Imagination should be at work here, too. The
cable length is an important detail that should be
easily fixed.

The Cart and Its Wheels: A Piece

of Major Relevance

For those who work in hospitals (i.e., more than
95 % of us), the cart is critical. It brings together
the ultrasound unit, the probe, the contact prod-
uct, the procedural equipment, the disinfectant,
and more. The cart is equipped with a major, even
old, technology: the wheel. The wheel was avail-
able 5500 years ago in Mesopotamian cultures.
Thanks to the wheel, our 12-kg machine is easily
transported from bed to bed, from ICU to ER. The
laptop machines, proudly purchased from hand to
hand, always stay on their cart, which is, by the
way, a necessary thing. Therefore, the cart can-
cels the advantage of miniaturization, which is
not a problem if the unit plus the cart are
narrow.
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Fig.2.4 The ADR-4000® and the Hitachi 405. Our refer-
ences: two respectable collector machines, yet perfectly
mobile to the bedside and able to achieve the ultrasound
revolution since 1982 (left) and 1992 (right). Both are
small in width (left, 42 cm, right, 32 cm), and both have
wheels, the key to the revolution. Please also see Fig. 2.2,
showing how fine were these machines for developing
lung ultrasound

Since 1982, the ADR-4000® has had these
wheels and a 42-cm width (Fig. 2.4). These fea-
tures have allowed the authors to define critical
ultrasound at the point of care [1]. The resolution
was suitable for all critical diagnoses (only
limited by the optic nerve), and we can state that
the year 1982 was the point for the ultrasound
revolution in the critically ill.

Our intelligent cart fits the unit exactly and
does not take up useless space laterally. The
important Fig. 4.3 shows how the space is
exploited for setting the main elements (probe,
contact product, disinfectant) on top of our cath-
ode ray tube, instead of having these cumbersome
lateral devices. The cart protects the machine.
The overall weight makes it difficult to steal.

Seventh Basic Requirement: A Cost-
Effective Purchase

This is the consequence of the points 2 (analog
technology), 4 (unique probe), and 6 (simple
technology without Doppler, harmonics, etc.).
The cost-effectiveness is critical, since every

saved dollar (euro, rupee, etc.) saves additional
lives. Our unit and its probe were the cost of an
unsophisticated automobile.

One Word to Summarize Again Our
Seven Requirements

Smart readers have seen that each part of this
machine interacts with the others. The cart fits
the machine. The cathode ray tube gives optimal
resolution. The cathode ray tube is made light
thanks to the wheels. The wheels allow the
machine to go to the bedside. The cathode ray
tube allows exploiting the top, i.e., benefiting
from a small width, one probe finding a natural
place on this top. This universal probe allows fast
whole-body ultrasound with easy cleaning, and
so on. One word for characterizing this type of
completion: harmony.

The Coupling System: A Detail?

Since the dawn of ultrasound, doctors have used
a gooey coupling medium between probe and
skin, which is not the most glamorous part of
ultrasound. Ecolight®, a system we created sev-
eral years ago, eliminates the problems of the tra-
ditional gel. The image quality is exactly the
same (all figures in this textbook were acquired
using it) and it has the following advantages:

1. Stability: Critical ultrasound is a dynamic dis-
cipline, where only the patient’s structures are
under analysis. The gel creates a slippery
field. It is more difficult to stay stable once a
good window has been found (echocardio-
graphic users permanently make this effort).
Ecolight® makes a nonslippery contact, and
the probe is well applied to the skin just by
using gentle pressure. Therefore, the effort of
holding the probe is minimal. If the user wants
to scan, the pressure should simply be relieved.

2. Speed: Ecolight® is poured on an adapted
compress always kept near the field, and one
travels from lung to legs, for example, with
less than two seconds per change: a critical
time savings.
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3. A major advantage in cardiac arrest is that no
slippery gel needs to be wiped off for efficient
thoracic compression. After one or two min-
utes, more than sufficient in critical ultrasound
to make a diagnosis (B-profile, etc.),
Ecolight® vanishes, leaving no trace on skin,
nothing to clean, and no culture medium, as
can be the case with traditional gels.

4. Aless important advantage is the eradication of
the gurgling noises (reminiscent of undesirable
digestive noise) generated by stressed hands,
never appropriate in these dramatic settings.

5. Another minor advantage is the comfort of
making a clean examination, far from the tra-
ditional mess (see Fig. 37.1). This is our daily
vision of ultrasound: a clean field. Morning
visions of the dried gel from the night before
that was not wiped off and, on occasion, things
(hair) stuck to the probe, are part of the past.
Ecolight® is harmless and odorless. Based on

equimolecular combination, its adiabatic proper-

ties allow quick warming (if passed under hot
water), which is appreciated by the conscious
patient. Recently patented, soon distributed, our

“gelless gel” is one example among others of

holistic ultrasound.

Data Recording

In an emergency, we find it suitable (for the nov-
ice users) to record the examination. It saves
time, as there is no need to take pictures. The
movie can be read subsequently, and data are
easier to read than on static images. All the vid-
eos that we exhibited in hundreds of congresses
come from VHS cassettes, a technology around
since 1976. The VHS recorder is part of our
PUMA. With VHS, time for recording is unlim-
ited, not restricted to 6 s as with standard laptops.
For the purposes of teaching, we have converted
our sequences to digital technology since 2000.
Previously, we lectured using plastic slides and
VHS. Many colleagues have witnessed lung slid-
ing this way since 1989. This quietly proves that
analog or digital recording is not at all the prob-
lem. Modern technologies (smartphones, Twitter,
USB outputs, etc.) are interesting but are not the

key to the ultrasound revolution. The revolution
had to happen in the brains. Remote ultrasound?
Read Anecdotal Note 2.

How to Practically Afford a Machine
in One’s ICU

We currently see three approaches:

1. Buying a new machine. Please note that if one
thinks in terms of width and not height, the
choice is extremely large (buying laptops is not
mandatory, especially in areas where space is
an issue: ICUs, ERs, operating rooms ORSs).

2. Buying a second-hand machine. Occasionally
a radiology department gets rid of obsolete
units and leaves them to whoever wants them.
These “old” machines can save lives, and
some of them can be excellent. Remember
that cathode ray tubes give better resolution
than digital screens and that the weight is not
an issue, thanks to the wheels.

3. Stealing one. The possibility of stealing a
machine is an option that must be considered,
now that ultrasmall machines have invaded
our hospitals. These lines have been written
with serious intentions, and we want to make
colleagues aware of this scenario, which
occurs regularly in respectable institutions.
Fixing a portable unit solidly on a cart is the
solution, which immediately invalidates the
(pseudo) advantage of the ultraminiature tech-
nology. Consequently, the user will benefit
from all disadvantages of laptop machines,
with no advantage (see Chap. 37). Please,
consider this basic point.

Should We Share a Unit Between
Several Departments?

One will face technical and human issues.
Machines designated to be “universal,” i.e., shared
by several disciplines in the same hospital, are
based upon a misconception. They are universal
only in light of traditional ultrasound (cardiologic,
urologic, etc.). Therefore, they have integrated all
possible technologies. Because these machines are
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(for unknown reasons) laptops, thus remaining
small in height (the useless dimension), they use
high-cost technologies, which are useless once the
necessity of a cart has been understood.

A critical care institution must have, perma-
nently, its own machine. The intensivist must have
priority access. Shared machines usually belong to
one department, and the others must ask to use it,
creating hierarchical relations, not a good point for
the philosophy of simple ultrasound.

What Solutions Are There
for Institutions Already Equipped
with Laptop Technologies?

Do not worry! Laptop machines can be used, and
they are good. Their owners must be happy with
them. They are lucky to have ultrasound rather
than nothing. Any kind of machine can give
pieces of information. Specialized ICUs (cardiac
and neurosurgical ICUs) probably need Doppler,
so let us welcome it for simplifying. But in daily
life, simple units can be used with advantage. In

“normal” ICUs (ERs, ORs) equipped with up-to-

date machines, each component can create diffi-

culty, which can range from slight to extreme.

Difficulties that add on to each other (e.g., a

3-min start-up time plus 60-cm width plus a dirty

keyboard plus nonergonomic probes plus filters
that are impossible to bypass) are a frequent
occurrence in the landscape of today’s ultrasound.

Lung ultrasound will not be made easier there.
Accustomed to working with a perfectly

profiled tool since 1992, we gave it the value “0.”

We will delight ourselves by comparing it with

modern technologies and subtracting points

(CEUREF units) for each difficulty.

e Each centimeter in width >32 cm (cart
included): subtract one point.

* Each decrease in resolution preventing accurate
use. From the ideal 100 %, one point per
percent.

» Each button to be cleaned is a hindrance: one
point per button.

e Each second >7 for start-up reduces the
chances for the patient. One point per second,
60 points per minute (no discount).

e Each millimeter of  probe foot-
print>10x20 mm: the access to difficult
parts, hard to reach, is decreased. Ten points
per square centimeter.

* Each millimeter of length of the probe > 8.8 cm
makes posterior analysis more difficult: 10
points per centimeter.

» Each probe not suitable for holistic ultrasound
(i.e., one probe for the whole body) is a factor
of cost and lost time, especially if the perfect
one for the lungs is missing: 20 points.

e Each filter that is impossible to bypass: 15
points.

¢ FEach additional dollar>$14,000 makes the
purchase more difficult: One point for every
$100.

e Mess of cables lying on the ground near the
wheels: 100 points per cable.

Some laptop machines have simultaneously a
width>32 cm, a resolution image <100, a num-
ber of buttons>3, a start-up time>7 s, a probe
length>8.8 cm, not the suitable probe shape and
property, and a cost>$14,000. We calculated in
one of the current giants —830 CEURF units.
This number is not an opinion, it is a fact.

Calculate your own score and see whether the
community has gained or lost an opportunity to
discover a simple discipline. If your score is
extremely negative, the solution is already on the
way (read below).

Which Machines for Those Who
Work Outside the Hospital
and in Confined Space?

The few doctors who work in airplanes (and heli-
copters, ambulances, or spaceships) will be inter-
ested in hand-held machines, an absolute
revolution, in these particular settings where each
centimeter counts in the three dimensions
(Fig. 2.5). No cart is needed here for transporting
laptop machines weighing sometimes 6 kg.

In our part-time work as a flying doctor, we
used successive units. From 1995 to 1997, we
used the rudimentary 3.5-kg battery-powered
Dymax TM-18, built in Pittsburgh, and this unit
was used in passing for conducting the first world
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Fig.2.5 The place of hand-held machines. When space is
really a hindrance (airborne missions in small jets), light
ultrasound machines are a blessing. Thanks to Anne
Nikolsky for the picture

experience of extra-hospital critical ultrasound
[2] from our medical helicopter (see Fig. 33.1).

From 1999 to 2013, we used the Tringa S-50
from Pie Medical (Maastricht, Netherlands), a
compact 1.9-kg machine made in accordance
with our wishes, using a flat screen and one quite
universal probe (creating a substantial gain in
size and weight). It was 15x12.5%13 cm in
dimension (see Fig. 33.2). The image quality was
not great, it is true (75 % from our ideal), but suit-
able for lung and venous imaging. It held, with
the probe, the contact product, emergency proce-
dures material, even the charger, in a
26 x 17 x 19 cm market bag that opened at the top,
i.e., a perfect bag providentially found on the
Boulevard Saint-Michel (Paris 6th, left river side,
free ad).

We currently use an Australian 0.4-kg pocket
machine for these airborne missions. Its technol-
ogy is optimized for critical ultrasound, with a
kind of microconvex probe, no Doppler, two but-
tons allowing one to perform BLUE, FALLS, and
SESAME-protocols, and an image quality, espe-
cially for lungs and veins, reminiscent of the
quality we have worked with since 1992. Not all
“pocket machines” have this image quality. These
technologies are a providence in such settings,

and we accept minor and inherent drawbacks
(small size of screen and need for holding the
central unit with one hand - fixing this small
machine to a cart makes no sense). One extreme
solution is to lay the central unit on the ground of
the aircraft. Remember that critical ultrasound is
done with both hands. In cardiac arrest or any
other emergency or routine, both hands con-
stantly interact (e.g., venous compression in stra-
tegic areas such as the lower femoral veins).
Using Ecolight for each change of area, the user
works with clean, gel-free hands. We would have
more difficulties accepting these drawbacks hun-
dreds of times a day in a hospital use. And do not
forget our warning, some lines above, regarding
the risk of theft.

The Solution for the Future

Many physicians acquired their first experience
with machines that appeared of lesser quality
than the one we have advocated for decades,
even if they have other facilities (which we
don’t use). Using these technical interfaces, the
full power of holistic ultrasound did not com-
pletely appear to them. We simply bet that, with
time, the need will increase to the point that one
machine per ICU (and others), even “top level,”
will appear insufficient. We calculate that the
small machine devoted for cardiac arrest,
BLUE-protocol, and the whole-body approach
for 100 applications (venous line insertion, etc.)
should be used and answer the questions in
more than 85 % of cases. For the remaining
causes, the sophisticated machines can be
switched on.

When physicians can afford an additional
unit, they have a choice. If they buy the same as
they already have, they will just have two of the
same laptop machines. If they buy one of the kind
we describe, they will rediscover critical ultra-
sound. We suggest that key opinion leaders try
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our system, at least once, to facilitate this future.
They will become even greater experts.

Do you think our 1992/2008 upgraded unit
appears antique? Try it. As a marketing strategy,
in light of the field covered by this textbook, we
could write: “Tomorrow’s medicine using yester-
day’s tools.”

Some Basic Points and Reminders

The important dimension (for optimal mobility)
is the lateral width, not the height.

The cathode ray tube technology (which is not
heavy, thanks to the wheels of the cart) pro-
vides the best image quality and has allowed
bedside use since 1982.

A flat keyboard is easy to quickly disinfect.

An immediate start-up time (7 s.).

An intelligent cart does not annihilate the advan-
tages of miniaturization.

One probe can accomplish whole body use (e.g.,
our 0.6-17 cm range microconvex probe).
Doppler and other sophisticated modes (harmon-
ics, etc.) are not used in our setting. Filters can

yield major issues.

Anecdotal Notes
1. Duplex Doppler
We have also imagined a simple, low-cost
alternative: a continuous Doppler probe, which
we arranged to couple with our real-time
probe, to locate the vessel, then the Doppler
signal. We never found time to build a serious
device for coupling the two probes (indicating
that we did not feel urgent need for using this
potential).
2. Remote ultrasound
We had a talk with a giant (there are sev-
eral) in emergency ultrasound, trying for the
Nth time to show him the advantages of our
simple system. He argued that there are not
remote capabilities with this antique machine.
Simply filming the screen with any mobile
phone would eliminate this (non)problem.

Appendix 1: The PUMA, Our Answer
to the Traditional Laptops

An ultrasound unit has three dimensions:
depth, width, and height. The width is critical
for rapidly reaching the bedside, which is why
we do not favor large laptops (50-70 cm). The
height must be considered using the cart,
allowing one to work comfortably at human
level. A laptop machine is a few centimeters
in height but the space below (up to
100,000 cc) is empty space. The PUMA
exploits every cubic centimeter available.
Since 1982 (ADR-4000) and 1992
(Hitachi-405), we have fully exploited this
space for inserting all useful equipment, to
the point that our cart can be considered a
Polyvalent Ultrasound and Management
Apparatus (PUMA). We just developed the
4th dimension: imagination.

The PUMA is our answer to the current laptop
market. The PUMA is not an ultrasound unit. It
includes an ultrasound unit.

The PUMA exploits each floor (Fig. 2.6).
Basic life-support equipment at the lobby (25-
cm high), extreme emergency procedural
equipment at the first floor (for treating tension
pneumothorax, pericardial tamponade, imme-
diate central venous cannulation, etc.) (10 cm),
some refresher textbooks on the second floor,
of help to the youngest users (5 cm), etc., at the
imagination of the user. On the fourth floor,
you find an ultrasound machine, 27-cm high,
with the keyboard at the perfect ergonomic
height for clinical use. On the top of the
PUMA, you have a top. This top bothers
nobody and is highly useful, since this is the
area where are fixed the (unique) probe, the
contact product, and the disinfectant. They are
fixed using adapted holes within polystyrene
that we built ourselves, allowing these items
not to fall when the cart is moved (Fig. 2.6, and
see details in Fig. 4.3). This avoids the loss of


http://dx.doi.org/10.1007/978-3-319-15371-1_4#Fig3

22 2 Which Equipment for the BLUE-Protocol? (And for Whole-Body Critical Ultrasound). 1 - The Unit

Contact product,
the probe,
disinfectant

—

A smart ultrasound unit ——p
with a

Flat keyboard \
Material for emergency
ultrasound-enhanced \
(pneumothorax, tamponade,
venous line...)

Notebook /

procedures
(etc)

Emergency management
(airway, fluids...)

—f

Four wheels (the most important,
allowing easy transportation

of the PUMA from T——
bed to bed, from

ICU to ER)

Fig. 2.6 The PUMA concept. This figure shows that
ultrasound is only a part of patient management. The con-
cept of the PUMA (Polyvalent Ultrasound and
Management Apparatus) allows major procedures in the
critically ill. It does not yet make coffee (which may be
considered, to relax the team once the patient is promptly
stabilized), but inserting a coffee machine at the highest

time: time for picking objects up from the dirty
ground, time for disinfecting them, or, if not,
time for managing patients with the nosoco-
mial infections that may occur as a result. This
is not high tech, this is just a bit of imagina-
tion. The PUMA: another face of holistic
ultrasound.

level would be technically possible. This wink just indi-
cates that the height is not a limiting factor. In other words,
laptop machines are not a major key for developing criti-
cal ultrasound in our hospitals. Note, at the upper floor,
how the three tools are solidly fixed, preventing any fall
(see diving view in Fig. 3 of Chap. 4)
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Which Equipment for the
BLUE-Protocol 2.The Probe

The microconvex probe: a universal probe
for the BLUE-protocol, the FALLS-
protocol, the SESAME-protocol, and many
others. A providence in cardiac arrest and
routine daily tasks. Probably the probe of
the future for critical ultrasound. Definitely
one of the main paradoxes generated by
critical ultrasound.

We could make this chapter very short and simple:
just try our 1992 probe, or just see Fig. 3.1, a nice
summary, and make an opinion. In daily practice,
we start up our unit, take our probe, and scan the
whole body, quietly or fast, in function of the emer-
gency. We were a bit surprised by the length and
complexity of writing of this chapter, which obliged
us at making a deep analysis of the current situa-
tion. There is a lot to say for explaining that the
usual three probes are, again, a use of the radiologi-
cal or cardiological cultures without adaptation.
Intensivists who have not been educated in the
spirit of holistic ultrasound are often cardio-
centered (and use vascular probes for vascular
access). Here, the reader should forget any precon-
ception and carefully read this chapter. When he or
she will have rendezvous with the SESAME-
protocol (i.e., cardiac arrest, where each second
matters), this reading will show particularly useful
[1]. We use a probe which appears universal and
should be that of the critical care physician. Since
some institutions still have ultrasound machines

with the traditional three probes, but not the uni-
versal one, we will demonstrate how one probe
can be, paradoxically, superior to three others.

This chapter is sensitive, we know it may
upset some key-opinion leaders, we know this
may slow down the widespread of the message of
a vision which will be soon or late a standard.

The Critical Point to Understand
for Defining the “Universal Probe”
in Critical Care: The Concept

of the Providential (Optimal)
Compromise

What is required from a probe? A correct vision
of what is en face, this is all. Unfortunately, the
price to pay for this is a shape non-suitable if too
large, or a too small range, obliging to have sev-
eral probes. In critical care, changing a probe
costs time and money, and asepsis faults are quite
unavoidable. Here, the smaller size in all dimen-
sions is critically important: small footprint for
avoiding any hindrance (dressings, nonlinear
areas), small length for assessing the posterior
part of the lung. None of the three usual probes of
laptop machines answers to this requirement.
The users must realize two points, not really
misconceptions, the term is too tough, but we did
not find any other. Critical ultrasound analyzes
first superficial fields; however, the first millime-
ters are not critically important. A very deep pen-
etration (36 cm) is not critically important.

D.A. Lichtenstein, Lung Ultrasound in the Critically Ill: The BLUE Protocol, 23
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it a vein? Yes? Or not??

Superficial
veins...

Jugular vein, carotid artery
Vascular probe?

Pericarditis
Cardiac probe?

Lung rockets

Optic nerve
Which probe?

Vascular probe?

p— ————
o j Gallbladder

Abdominal probe?

Inferior caval vein
Abdominal probe?

Thrombosed veins,
asymmetrical veins

Deep veins...

Fig. 3.1 Is it a vein? This slide, extracted from the
CEUREF courses, shows how one single probe can inform
on superficial as well as deep veins, and besides the lung,

In critical ultrasound, superficial areas are first
on focus. But not the first millimeters (the real
raison d’étre of the linear probes)

As a striking feature of critical ultrasound, the
most critical data are extracted from the analysis
of superficial areas usually (aorta and IVC being
some exceptions). The lung (the most important
part) first. But also most of the venous network
(internal jugular, subclavian, femoral, etc.), peri-
toneum, and optic nerves are areas both superficial
and relevant to analyze. The SESAME-protocol
has distinguished the pericardium, a superficial
structure, from the heart for this reason (and
some others). As regards the heart, the ventricles
are more superficial than the auricles, which are
of lesser importance. In plethoric patients, deep
abdominal analysis (pancreas, etc.) is often dis-

heart, belly, even retroperitoneum and optic nerve. In two
words, the whole body. Look at the image quality and the
clinical information, and make your opinion

appointing even with traditional ultrasound,
and these patients are eventually referred to CT:
our concept has taken this important detail into
consideration.

This point is important: we need superficial, but
not too superficial. The raison d’étre of these vas-
cular probes is the good quality of the first mms.
Yet these 5 first mms, in the critically ill, are usu-
ally of no interest. We have paid attention in our
daily practice in adults, to the critical zones. They
are deeper than 1 cm (pleural line, most veins, etc.),
rarely between 6 and 9 mm (some veins), and never
below 5 mm. There is no critical target in this zone,
apart from very rare and quite always not urgent
cases (tracheal analysis in skinny patients, radial
artery cannulation). In other words, those who are
persuaded that these 5 first mm are important make
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a misconception (sorry for this word) which will be
paid; see also below (for the same reason).

Regarding the far penetration, in most cases of
investigations in critical holistic ultrasound, the
lung is included and answers to questions usually
pertaining to cardiac cultures. Here, attention is
paid on basic items: the pericardium, LV, and
RV. The fine analysis of the auricles can be done
later usually, at opened hours.

How to Scientifically Assess
This Notion of “Domain

of Interpretability”? Our
High-Level Compromise Probe

How can one probe be suitable for all areas? We just
see since decades that it works (we tried to contact
the Japanese engineer who made it in 1992).
Figure 3.1 is a indisputable answer by the image.
When we write that some areas are “less well”
seen than others, here comes the critical notion of
the optimal compromise. Let us make an experi-
ence: take again the two radio sets used in Chap. 2,
proving how modernity does not always provide
improvements. Make again the manipulation
(one in FM, one in LW). Do you hear well on the

LW channel? Do you recognize the song? The
words? If the answer is yes, clearly, you have
demonstrated that LW has the required quality
(while providing faster information). The differ-
ence is futile if you just want to hear radio, but
critical if you want a fast information. Willing to
have a better (and here, useless) quality yields
dramatic regressions, i.e., the traditional three
probes and their heavy issues: cost, ergonomy,
dirt, imperfect quality for the lung, and huge
waste of time in extreme emergencies or daily
routine. Therefore, the only question the physi-
cian should ask is: “Does the quality of this given
image remain within the domain of interpreta-
tion?” If the answer is yes, the user will have
most of the time, for critical targets (the lung/
veins first, then simply the heart and belly, i.e.,
the large majority of targets), the optimal quality:
the winning choice. Our probe is more than a
compromise; it is a providence: it is providential
since quite all (93 %) of these critical targets will
be seen with the “FM quality” (speed in addi-
tion), and a few (6 %) with the “LW quality.” See
below how these numbers came.

Similarly, look at Fig. 3.2. It shows an animal.
A dog or a cat? A cat definitely. The first image is
heavy. If the question is to have a beautiful image

Fig.3.2 Cat or dog? A simple manipulation. The 6 Mo
image is heavy, for no advantage. We can decrease and
decrease the weight without damage to the diagnosis: we
still recognize the little cat, up to 10 Ko, i.e., 600 times
lighter. At 5 Ko in gray scale, 1,200 times lighter, the risk
of confusion just begins. Colored or gray scale, this is still
akitten. At 2 Ko, it is true, the resolution is not acceptable,

one may confuse (with a scorpion, a stocky whale or any
other image coming to your imagination). The weight of
the 6 Mo image is the equivalent of the price to pay in
terms of multiple probe equipment. Since we can do with
light images without loss of safety for the patient, just
imagine the impact for critical ultrasound
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which can be enlarged on a wall, it fits, thanks to
its heavy weight. If the question was to distin-
guish this animal from a dog, the answer can be
done, immediately, with a 600x lighter weight
with no damage to the target recognition. Below
a certain value (x1200), the recognition begins to
be chancy. Far before this step, we achieved con-
siderable decrease of weight. The same is applied
to our universal probe. Our concept of the opti-
mal compromise is critical as well for the man-
agement of cardiac arrest, where there is no
option at all, as our daily routine work.

The figures dispatched in this textbook are not
always perfect, but they always answer to the
clinical questions. Maybe this probe will not
show perfect images everywhere (retroperito-
neum in fat people, the first mm of soft tissues).

This is what has initiated our concept of the
optimal compromise. We will explain one of the
main paradoxes in critical ultrasound, by consid-
ering the areas of interest (the lung, heart, etc.) in
the function of their strategic importance (the
lung comes first) and the frequency of assessment
(the lung comes first), drawing a diagram
(Fig. 3.3). To give an example, aortic dissection
would have a high height (dangerous disease)
and a narrow basis (rare event), i.e., a small sur-
face in our graph. A pneumonia is highly lethal,
and rather frequent: large surface. This diagram
is indicative for the daily life of an intensivist.

This diagram shows that one probe (ours) is
perfect for making 93 % of the daily work (with
the “FM quality,” speed in addition) and also able
to see, with inferior but anyway sufficient quality
(the “LW quality”), the majority (say, 6 %) of the
7 % other points. This is the absolute future of the

critical care. The user will accept to work, from
time to time, with a quality inferior but perfectly
suitable for answering the question. The concept
of the optimal compromise, of vital relevance in
cardiac arrest mainly, is illustrated in a self-
speaking image (Fig. 3.2).

There is a paradox (one more): we could
maybe say “Our target is not to have beautiful
images, but diagnostic images,” but even though,
it appears that our probe has a perfect image reso-
lution for the most important targets (the lung,
veins, belly, heart almost well); see by yourselves
through this textbook and see again Fig. 3.1. The
“almost” (for the heart) is perfectly suitable for
us, even if cardiologists will probably disdain
such a probe, instinctively. Let them think so.

Those who would like to see perfectly these
few 7 % would be condemned to buy the three
usual probes — in addition to the microconvex,
irreplaceable for cardiac arrest (Chap. 31). For
the roughly 1 % remaining field which we cannot
explore, and is never urgent, don’t forget this pre-
cious DIAFORA option, defined in the previous
Chapter (shortly: once a month, call radiologists
with sophisticated, large machines full of probes
for these very restricted applications). And it is
good to work together in addition.

One anecdote from a nice friend, intensivist in
India, summarizes a lot. He told us: “I see better
those tracheas with a vascular probe.” Absolutely,
he was right, the image was not bad. But please
pay attention:

1. He was right for a not frequent application

(one can ask a machine from outside).

2. We saw from our eyes the price he (many of
us) had to pay everyday: the large machine,

»

Fig. 3.3 The concept of the optimal compromise. These
four images, and the fifth, integrating the areas, indicate
how we assess the universality of a probe. The severity of
the diseases is multiplied by their frequency, for providing
a clinical relevance. The heart appears as important
(height) but not as frequent (width) as the lung, because
pure cardiologic diseases are not the most frequent. Note
the white, not full areas of images C, A, L, and M. Just
some examples. In Image C, the white 2nd box, all cases

with absent cardiac window decrease the power of this
probe (we made here an optimistic white box). In Image
A, the white 4th box corresponds to these postsurgical
abdomens covered with stomies, dressings, etc.: large
probes are a disadvantage. In Image L, 3rd box: all veins
not assessable using the traditional vascular probe. In the
bottom image summarizing the C, A, L, M images, see
how restricted is the domain of the “vascular” probe, how
universal is the one of our microconvex probe
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Fig. 3.4 A trachea seen using a microconvex probe. The
trachea in this transversal scan is a bit near to the skin
(6 mm). The use of some tofu, or any equivalent, makes it
now 9 mm. Images taken using our 1992 microconvex probe

plenty of probes, an endless start-up time,
cables making an inextricable mass (full of
microbs usually), lying on the dirty ground
(and the risk of the cable damage from the
wheels, and the risk of sudden machine
tipover), probes impossible to use rapidly and
logically in the case of a cardiac arrest, and
lateral stands which increase the width of
these machines not to deal with the overall
cost. All this for looking to a trachea.

. He did not compare his vascular probe with

our simple microconvex probe (Fig. 3.4).
For sure, cardiac probes and abdominal
probes will never be suitable. Even in very
skinny patients, if our probe happens to miss
the first mm, we share a very simple solu-
tion: making the area a bit far from the probe
by using an acoustic device. It works like
standard glasses for near vision. Let us call
it temporarily “jellyfish,” from the French
name (old radiologists should remember this
device, impossible to find currently, but easy
to replace by alternatives that are easy to
purchase). We will see them later for not
breaking the rhythm. In this Indian ICU or
elsewhere, this will show the tracheal rings
with a quality similar to the sound quality of

Fig.3.5 Trachea seen using another microconvex probe.
Those who really need to have a sharp vision of the tra-
chea and don’t want to make any compromise (such as
using our jellyfish system) can however use the microcon-
vex philosophy: look at this image acquired using an
up-to-date microconvex probe and make your opinion

the LW radio: sufficient. For these few “low-
resolution” but sufficient image quality, we
have a unique whole-body approach, opti-
mal (FM) for critical targets and sufficient
(LW) for the others, with a clean, compact
unit. This also is a holistic ultrasound. We
prefer to make our compromise at the (very)
(relative) detriment of the trachea, used from
time to time and quite always in nonemer-
gency ambiance.

4. If he really wanted a perfect image quality, the
solution is fully available: some modern units
have reached a nice score when compared to
our reference: minus 101 CEURF units,
including — 70 just for the cost and — 26 for the
33 s of start-up time (our equipment has zero
“C.U.”). But they have the quite perfect micro-
convex probe, with an impressive resolution,
better than ours, in the first millimeters
(Fig. 3.5).

Why Is Our Microconvex Probe
Universal

We benefit since 1992 from a universal probe that
is able to answer to all problems (Fig. 3.6). It is
slightly better than the great 1982’s sectorial
probe we used on the ADR-4000 (Fig. 3.7).
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Fig.3.6 Our universal microconvex probe. This probe is
80 g light, 88-mm long and has a 12x20 mm footprint.
The frequency is 5 MHz, but this probe just shows, from 6
to 170 mm of penetration, what is in the explored field,
regardless if the surface is linear or not. A simple probe,
which changes the landscape of critical ultrasound

Fig. 3.7 The sectorial probe of the ADR-4000. This
1982 probe (drawn by our care, since we don’t have any
longer a photograph of it) looks antique, but allowed us
anyway to define the whole of critical ultrasound and
LUCIL. It was a bit long, it is true. Using modern probes,
there is not one more application we invented, optic nerve
included, venous cannulation included; the work is now
just easier and faster

The Range

It is 0.6—17 cm. This exceptional range allows us
to see a huge majority of disorders of high inter-
est. Figure 3.1 is a demonstration by the image,
and Fig. 3.8 by a scientific approach (Fig. 3.8).

The Footprint

Its microconvex head has a really small foot-
print. There is a 10-mm-large linear part and a
20-mm-large curved part. It can therefore be
applied on all these small, difficult areas: the
intercostal spaces for the lung, supraclavicular
fossa (lung, superior caval vein), suprasternal
area (aorta, right pulmonary artery), jugular vein

with short neck and tracheostomy, the subcla-
vian vein, the popliteal area, the calf, and not to
forget the heart. As to large areas (abdomen),
they are analyzed as well without hindrance —
especially in postoperative patients covered with
dressings, devices, and stomies, and where a free
access really lacks sometimes.

See the images of venous ultrasound in Chaps.
18 and 30: all deep veins can be seen. Superficial
veins? Take our jellyfish (see above).

The Length

Our smart microconvex probe is 88 mm short.
This length favors the investigation of the poste-
rior lung wall in the supine, ventilated patient
(PLAPS-point, a detail which allows to post-
pone thoracic CT, see Chap. 6), or the popliteal
fossa, with less effort than with longer probes.
Each centimeter and millimeter contributes in
making the ultrasound easier. Using 12—-15-cm-
long probes is definitely boring for daily routine
lung analysis.

The body of the probe is convenient, ergo-
nomic, and held like a pen.

The Strong Points of Having
One Unique Probe

Using a unique, universal probe has heavy advan-
tages. We want to remain positive, so just imag-
ine the contrary of these advantages, if you have
in mind to purchase the usual three probes:

1. The unique probe allows fast protocols. Once
the machine is switched on, the user wastes
no time for selecting a probe or adjusting the
settings. This is critical for acute respiratory
failure, cardiac arrest, and also multiple daily
uses.

2. Itreduces the cost of the equipment and makes
its purchase easy, i.e., saving lives more easily.
Each saved $ (euro, roupie, etc.) saves more
lives exactly the opposite way of the one of
Doppler, which has killed patients (read
relative notes in Chap. 37).
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Fig. 3.8 The universal range of our microconvex probe.
This figure quietly proves that our microconvex probe has
a universal field in critical care. Using a logarithmic scale
for convenience, we have inserted quite all our targets and

3. This is mandatory for performing clean ultra-
sound. One unique probe, with one cable, can
be efficiently cleaned, then stored (clean), on
a (clean) stand. One probe allows us to avoid
this image of battlefield (this jungle of cables,
which have to be changed in haste). Cleaning
each probe during an examination obliges to
clean the probes and the stands and the cables,
during each probe change (meaning, inter-
rupting the examination, washing one’s hands
for each probe cleaning, etc.). This is impos-
sible to ask to a user. The alternative is to
close the eyes, generating one of the main
issues of ultrasound: crossed infections.
Chapter 4 shows the way we make clean criti-
cal ultrasound.

then compared the range of various probes. One can see
that critical ultrasound is rather the science of the superfi-
cial, but, as clearly demonstrated here, not too superficial

4. Ironically, none of the usual three probes is
perfect for a fast lung examination.

5. This favors simplicity — a golden rule of criti-
cal ultrasound.

By the Way, Our Probe: Which
Frequency?

On our probe, it is written ““S MHz.” But this num-
ber makes little sense. What we see is its unique,
wide range (6—170 mm). Many “5 MHz microcon-
vex probes” do not display this range. This means
satisfactory analysis of a jugular or subclavian vein
as well as the inferior caval vein, and 100 other
examples (see all images of this textbook) (Fig. 3.8).
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The Usual Probes of the Laptop
Machines

The cardiologists use cardiac probes and are
happy with them. The radiologists use the
abdominal probe and are happy with it. The vas-
cular doctors use linear probes and are happy
with them. The gyneco-obstetricians use the
transvaginal probe and are very happy with it.
We, intensivists (and all specialties dealing with
the critically ill), are not the least specialty, are
we? Why should we adapt to specialists’ habits?
We are specialists as a whole, where the lung is
the main target. For a fast and accurate whole-
body approach, we don’t have time to swap
probes, first.

The lung precisely regards many disciplines
(pediatricians, pulmonologists, cardiologists,
nephrologists, internists, family doctors, etc.).
Each of the traditional probes provides fractional
data (abdominal probe for pleural-alveolar char-
acterization, cardiac probe for posterior analysis
in challenging patients, vascular probe if others
cannot show lung sliding, abdominal again for
assessment of artifacts length).

The Cardiac Probe

This probe has a good ergonomy. Small length,
small footprint. Yet the resolution is really cardio-
centered. It is usually suboptimal for key targets
such as the lungs and veins, and subtle others.
Some are providentially better than others; please
check if you can see a bit of lung sliding in any
type of patients (skinny, etc.) in any condition
(acute dyspnea, mechanical bradypnea).

Supposedly perfect for the heart, it is with-
out the slightest interest each time the patient
has no cardiac window. The success of these
probes rises from a misconception if one does
not know the power of lung ultrasound (BLUE-
protocol, FALLS-protocol, SESAME-protocol,
and others).

Pericardial tamponade? A nice paradox,
dealt with in Chap. 31 on cardiac arrest, is
intentionally developed below; this is really too
important.

The Abdominal Probe

It has not too bad resolution but really a poor
ergonomy and a poor superficial penetration.

Too deep for most veins and for the lung sur-
face; too cumbersome for the lung; heavy, large
(8 cm), and requiring a crispated hand for hold-
ing it, and confined to large areas (abdomen by
definition), this is really not our choice. It is
maybe good for measuring the size of a liver —
this is typically a culture for radiologists, not for
the intensivist. However, if the choice is given for
driving a whole-body analysis, we would use it
better than the two others, probably.

The Linear Probe

We write “linear” instead of vascular. These
probes are to our opinion the worst. They come
from a misconception based on radiological tra-
ditions, including the assumption that the first
mm is important to analyze.

We wrote “linear” because linear, they are,
definite. But vascular? They can assess just some
veins (the most superficial only, on linear areas
only, in permitted orientations only): a rather
restricted field. They can be used for the lung sur-
face, but just for lung sliding (provided the patient
is not too plethoric). They are unable to analyze
correctly most Merlin’s spaces. Look out, this
image quality is not always spectacular: in many
hospitals, a policy has favored the purchase of
low-quality, “low-cost” laptop machines (but 4
times more costly than the ones we advocate);
therefore, Doppler may be required for distin-
guishing, for instance, vein from artery: the
deadly coil is initiated.

These users will have to change this probe in
extreme emergency and stress, when they assess
other veins (e.g., inferior caval vein) and of course
the rest of the body. Scientific data are shared in
Chap. 18 on DVT, free talks in Chap. 37. These
probes are relics of the industrial (premedical) era
of ultrasound, in the 1930s-1950s. We are not
linear. Even if we were snakes, the most linear
creatures, such probes would be suitable for
longitudinal assessment, but not so well for
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Fig.3.9 The vascular probe philosophy. This probe, for-
tunately quite impossible to find nowadays (apart from
dealing in improbable antiques), indicates however well
the spirit of ultrasound inherited from generation to gen-
eration of radiologists, and suddenly given without adap-
tation to other physicians, those who precisely deal with
critical care. We have a major tool for visual medicine; we
must make it adapted to our use — not the opposite

transversal scans. Once the large 65-mm-footprint
probe is applied, the physician is prisoner of the
anatomy, restricted to some areas more linear than
others, and must adapt the probe to the area
(Fig. 3.9). The neck and upper chest wall areas are
highly strategic areas. In the critically ill patient
once in the ICU, they are of really restricted access,
full of concavities and obstacles. If we add a short
neck plus an IJV cannulation dressing plus a tra-
cheostomy, with the cord, here, applying a vascular
probe at the IJV is a challenge. Small angulations
are made difficult or impossible. How can 65 mm
of linear footprint be inserted on such areas remains
a mystery for us. In addition, compressing a vein
using a large linear probe makes a rough compres-
sion (not focused like our small footprint probe).
Definitely, for studying human beings, the idea of
linear probes is a weird concept.

Some advocate vascular probes for vascular
access. They should try ours, easy to handle, with
suitable footprint; see all details in Chap. 34.

Using our microconvex probes, doctors will
rediscover ultrasound.

The following vessels are hardly or not acces-
sible to “vascular” probes: the subclavian vein,
the innominate vein; the superior caval vein; the

inferior caval vein; the iliac vein; the low femoral
vein; the popliteal vein in supine patients; the
calf veins in their short axis, especially by ante-
rior approach in supine, critically ill patients; and
the whole aorta, abdominal and thoracic. In other
words, more than half of the vascular network.
Vascular probes? Now make your opinion: are
they well labelled? The CEUREF clearly states
that vascular probes are not suitable for vascular
assessment, especially in the critically ill. One
proof: with such probes in hand, 65 statements
were necessary in a recent I.C.C. on vascular
access. The reader will see in Chap. 34, in the
corresponding section, how basically simple it is
with our microconvex probe.

For having by any means the control of very
superficial areas (0—5 mm), we would face a seri-
ous, lethal issue. The result of this belief would
be to complicate a discipline which can be done
much simpler and more efficient. For no advan-
tage, users will have a non-ergonomic probe, lim-
ited in depth, devoted to be changed in the haste.
Would these 5 first mm need to be assessed, for
these rare applications, our very solution, the
modern “jellyfish,” can be used for a lesser cost.
See Fig. 3.4 and read the caption about the fofu,
our jellyfish for a lesser cost, one Euro instead of
buying a 10.000 $, cumbersome probe. One Euro
per day (far less in fact) makes the equivalent of
one (suboptimal) probe per 30 years. See a nice
other example for those who want to see the
radial artery in Chap. 31, Fig. 31.4.

Some users working in the ER may contest:
“But we need to see the foreign bodies.” We can
answer a lot. First, this is not critical ultrasound.
Then, if the foreign body is that superficial
(<5 mm), use your eyes. Then, they can still use
our modern jellyfish, but if they do this all day
long in their ERs, let them do as they feel. Last
option, an intelligent, up-to-date microconvex
probe with even more superficial resolution
(Figs. 3.5 and 3.10).

Note for the anesthesiologists who are now
all using ultrasound, a real craze, for looking at
the nerves. All use these vascular probes, with
all problems seen above, and they have also now
to deal with the complex issues of anisotropy.
They want to see nerves? Figure 3.10 shows a
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Fig. 3.10 The median nerve. Those who really need to
have a sharp vision of the nerves and don’t want to make
any compromise can however use the microconvex phi-
losophy. Look at this image acquired using an updated
(and suitable) microconvex probe and make your opinion.
How do you like the vision of this median nerve? Arrows
inserted at a distance, for not disturbing this image. And
possibly, with the microconvex probe, no issue with
anisotropy

median nerve, using a basic microconvex probe.
Scanning nerves from time to time, we don’t
know what is this strange phenomenon of
“anisotropy.” We guess it is one more issue gen-
erated by some refraction phenomena from
these linear probes, like at the optic nerve,
which in most publications was confused with a
vulgar acoustic shadow.
Let them now make an opinion.

Note
Each probe makes the cost of a fine, stan-
dard automobile.

Some Doctors Prefer to Swap
the Probes for Each Application,
and Not Use the Universal
Probe.Why?

It is true, not all machines devoted to critical
ultrasound are equipped with the universal probe.
Why? How are doctors positioned with this
issue? We made deep investigations.

1. Some just don’t know it. Nothing to say, but
inform them.

2. Some had no choice: they have bought the
usual three probes, not this one. Here, there is
nothing to do but wait to collect the sum of
money (or selling the probes to whoever is
interested).

3. Some users complained that this probe is slip-
pery (when plenty of gel), more than the large
abdominal ones. They don’t know Ecolight®,
our product described in Chap. 2. Using it,
nothing is slippery, the user has all advantages
of this small probe: holistic ultrasound.

4. Some key-opinion leaders argue that they just
don’t like it. They had a microconvex probe in
hands and they don’t appreciate it. We took
time for understanding what happened there.
One day (it was in a slovenian course) we
understood: those manufacturers of the recent
and explosive laptop market made, in a haste,
probes that were microconvex is true, but hav-
ing none of our two main qualities, they had a
poor resolution or they had a poor penetration,
usually 8 cm, exceptionally 10. Given these
critical details, we understand the positions of
these few KOL. We are not at ease with these
probes too. They cannot be considered “uni-
versal.” They are just gadgets. To make it
clear, we must write “our” instead of “the”
microconvex probe, an insignificant label, for
being clear.

Pericardial Tamponade: Time
for a Nice Paradox, Just One
Illustration of What is “Holistic
Ultrasound”

A discipline is holistic when it is necessary to
understand each of its components for being able
to understand its whole. The definition of holistic
ultrasound includes the choice of a probe able
both to diagnose a pericardial tamponade and to
efficiently guide the pericardiocentesis. You are
now dealing with a pericardial tamponade, with
imminence of cardiac arrest. The cardiac probe
made the diagnosis it is true. But you are con-
demned to perform the pericardiocentesis using a
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probe unsuitable for needle detection. Even if
you had time, which probe would you use
instead? The abdominal? The ergonomy of the
subcostal angle is not optimal. The linear? Here,
the user pays both the ergonomy (too large) and
the penetration (too short). Consequently they
developed complex protocols for seeing the nee-
dle (contrast with microbubbles in the syringe,
costly needles, etc.), while your patient initiates a
bradycardia. This is an issue we never faced.

What to Say to Those Who Still Have
Only the Three Usual Probes?

During several years, they will have to make the
ultrasound revolution with this.
Can one use linear probes for the lungs?

Lives can certainly be saved using them. The
users must just accept to have restricted access to
the nonlinear areas and the deep structures; there-
fore, they need to swap probes, i.e., buy them, dis-
infect them, store them, take care of not letting the
cable trail, etc. The user must be expert in swap-
ping probes very rapidly if suddenly facing a car-
diac arrest. The user must accept to have limited
access to the longitudinal approach (the one
which makes lung ultrasound easy), limited crite-
ria for distinguishing B-lines from Z-lines, and
limited access in obese patients. The user must
accept, when cannulating a deep vein, to practice
a complicated profession (65 statements). Some
advocate that lung sliding is easier to detect. Our
Japanese microconvex probe makes perfectly the
work (see in particular Figs. 1, 3, 7-9 of Chap. 10).
We talked with respected giants of emergency
ultrasound who argued that Italian articles on lung
ultrasound wused linear probes, we just
answered we saw exactly the same patterns
(e.g., thickened pleural line) with ours.

The cardiac probes?

Same kind of remark, see the paragraph on
pericardiocentesis. Some probes can make a bit
of lung ultrasound, the owner can still try.

The abdominal probe?

This is probably the one we would use in first
intention if we had no choice, but we would not
be at ease. Clearly we would have to swap the

Fig. 3.11 At Las Vegas. This nervy, slightly puzzled
sonographer had no other choice, for a demonstration of
LUCI somewhere in Nevada, but taking this rather cum-
bersome probe, with it is true a suitable head, reminder of
a microconvex probe. Most importantly, the image
became clearly interpretable, and this unfortunate patient
was saved, so to speak

probes regularly for other targets (veins, heart,
“difficult” lung).

All in all, when we have to animate work-
shops with the sempiternal three probes, we
spend our time swapping probes, not finding the
ideal one, not finding a real compromise. Some
desperate solutions can sometimes rise in the
heat of troubles, when nothing works (Fig. 3.11).

An Unexpected (Temporary)
Solution?

Our best advise for helping the locomotive to go
on the right rails would be to sell the vascular plus
the abdominal probes, allowing to buy instead
one microconvex probe, even not with the univer-
sal range — provided the resolution is suitable.
An 8-10-cm range probe would be easy to find.
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The physicians would use this microconvex probe
for all those superficial tasks which make a
majoritary part of critical ultrasound, they would
use the cardiac probe for the heart, and also for all
these rough abdominal assessments. They would
still have, of course, to swap the probes during a
SESAME-protocol. Just, outside this extreme set-
ting, just making this slight and reasonable change
for no added cost, they would already rediscover
ultrasound.

Important Notes Used
as Conclusion

The words “cardiac arrest” appear 12 times in
the text. This does not mean that we are obsessed
by a condition which comes from time to time,

not all the time, and is far from summarizing
holistic ultrasound. Our message is of critical
simplicity: the use of ultrasound in cardiac
arrest (13 now) is exactly the same, with no
adaptation, as in hundreds daily, more quiet
applications, with the same probe, the same set-
tings: venous line insertion, dyspnea or shock
assessment, abdominal routine scanning, etc.
Ready for the worst, this probe makes the
routine work with the same ease. This is holistic
ultrasound, typically.
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How We Conduct a BLUE-Protocol
(And Any Critical Ultrasound):
Practical Aspects

What happens when a BLUE-protocol is
performed or when any ultrasound test is done on
a critically ill patient?

First, we see an “unusual” patient. Unusual is
a term from the traditional perspective of the
radiologist or the cardiologist. Our patient is in
high distress (dyspneic, agitated, etc.) or already
sedated. As opposed to ambulatory patients, who
can be positioned laterally with inspiratory apnea
for studying the liver, or sitting for pleural effu-
sions, or again with legs down for venous analy-
sis, etc., no cooperation is awaited. Apnea cannot
be obtained: the patient is either mechanically
ventilated, or dyspneic, or encephalopathic.

Then, we have to access the patient. When
surrounded by multiple life-support devices
(ventilator, hemodialysis, pleural drainage, etc.),
the machine must be as narrow as possible. This
is why we keep on using our 32-cm-width (with
cart) 1992 machine. This is why laptops, which
may be 5 cm high but 50, 60, or worse wide (we
measured up to 76 cm), are not our preference
(especially in extreme emergencies). Each saved
lateral cm makes our work easier. In hospitals,
ceilings are high enough — the height is not a
problem.

Usually, lung ultrasound in a dyspneic patient
is perfectly feasible using our unsophisticated,
instant response system.

The barrier is lowered. We don’t need to tear
away the electrodes because our nurses have been
taught to apply them at nonstrategic areas, i.e.,
the shoulders and sternum. The ECG is not

disturbed. This slight detail makes one less
useless loss of time (and costs).

Now, just before scanning our patient, we can
note a remarkable and providential feature of
ultrasound in the critically ill: most can be done
in the supine position. The supine patient offers
wide access to the most critical areas: the optic
nerve, maxillary sinus, anterior and lateral areas
of the lungs, most deep veins, heart, abdomen,
etc. Turning a patient 90° is never easy nor fully
harmless nor fast (and the BLUE-protocol is a
fast protocol). The “hidden side” of the ventilated
patient, i.e., the posterior disorders (effusion,
consolidation), is a usual limitation, which we
deeply reduce by optimizing the tools for making
this setting like any other. The choice of our
unique 88-mm-long probe is the main key for
reducing the hidden face of the lung. For assess-
ing the PLAPS-point (detection of most pleural
effusions and posterior consolidations), the
elbows are gently spread from the chest in order
to facilitate a slight rotation.

Then, the scanning begins. With our compress
soaked with Ecolight on the patient’s skin (the
bed would “drink” it and oblige to more soak-
ings, i.e., loss of time) and our probe in hand, we
scan what is required: the lungs and the veins for
the BLUE-protocol and the heart first for the
FALLS-protocol. We follow standardized points
for expediting the protocol and make more com-
prehensive scanning once the clinical question is
answered (time permitting). Each change of area
(e.g., from deep lungs to femoral veins) takes two

D.A. Lichtenstein, Lung Ultrasound in the Critically Ill: The BLUE Protocol, 37
DOI 10.1007/978-3-319-15371-1_4, © Springer International Publishing Switzerland 2016



38 4 How We Conduct a BLUE-Protocol (And Any Critical Ultrasound): Practical Aspects

seconds: no time for swapping the probe and no
time for taking the bottle of gel; we just take our
soaked compress and treat the next area to scan.
We always use both hands, permanently.

In good conditions, the whole body can be
analyzed in less than 10 min using our probe (the
BLUE-protocol takes 3 min or less; sometimes it
is concluded after 5 s). The examination can be
recorded in real time without losing time taking
figures. When the question is focused (e.g. left
pneumothorax or not), a few seconds are required.
Table 4.1 shows a suggestion of ultrasound report
made with this spirit.

The critically ill patient is — in a way —
privileged with respect to ultrasound. The seda-
tion facilitates all interventional procedures.
Traditional obstacles (the gas barrier) turn into
advantages since lung ultrasound is the main
topic of this textbook. Our study showed a 92 %
feasibility for all usual targets [1].

Disinfection of the Unit: Not
a Futile Step

Prevention of cross-infections is a major care in
the ICU, and this regards ultrasound. When we
see these laptops plenty of buttons, we wonder
how they can be kept clean. Our protocol is logi-
cal and easy to follow, aiming at a 95 % efficiency
(96 % would need much more work; 97 % would
be followed by nobody, resulting in dirty
machines). We just ask to the user to create some
good sense reflexes.

For instance, one may either say “do not touch
useless things with contaminated hands” or make
the list of the mistakes: pushing the machine by the
hand for centimetric moves (we use our feet at low
areas), leaving the contact product on the bed (it
should never leave the cart), touching for no rea-
son the on-site bottle of disinfectant, etc. Then, the
reflexes become automatisms.

Our compact equipment really helps. Its key-
board is flat, no protrusion of buttons. Its unique
probe is easily cleaned (several intricate probes, no).
Such equipments exist since 1982 (ADR-4000).

We define as “dirty areas” the few parts which
will be touched during an examination, probe,

keyboard, and contact product, if used several

times (Fig. 4.1). We define as “clean areas” all

other parts of the ultrasound machine and avoid
to touch them without strong reason during the
examination.

Once the work is finished, the patient is cov-
ered again and the barrier up again; we leave the
probe on the bed when the patient is quiet (if not,
we leave the probe in a special place). We come
back with clean hands. Our on-site disinfectant
product (in a dedicated place, never handled dur-
ing the examination) is poured onto a simple not
woven compress which allows an efficient work.
The stock of compresses is located in a “clean
area” of the machine. Traditional moist wipes are
not as efficient as our system of well-soaked
compress. Then, the work of disinfection is sim-
ple: only the “dirty parts” are cleaned:

1. The flat keyboard is cleaned in a few seconds
(Fig. 4.2).

2. The (unique) probe is cleaned from the cable
to the probe. The cleaned probe is then
inserted onto the stand. The stand is clean by
definition because the user always cleans the
probe before laying it on the stand. An effi-
cient cleaning of a stand is difficult.

3. The contact product, if used twice, is cleaned
(sophisticated note: the body of the bottle,
easy to clean, is a “dirty area.” The top, every-
thing but flat, is difficult to clean and is defined
as a “clean area,” never to be touched during
an examination. Once hands are clean, it is
easy to take the bottle from the clean top and
wipe the dirty body, making no asepsis fault).
It is not forbidden to touch “clean areas” of the

unit without necessity. Putting soiled hands on

clean areas, leaving the contact product bottle
lying on the bed, or again handling the disinfec-
tant by soiled hands is allowed, provided the user
carefully cleans everything after examination.

This is just a loss of energy. When the steps are

done in a logical order, the cleaning time is esti-

mated at 30 s and the unit remains clean.

Which disinfectants do we pour on our com-
press? We do not like to see products devoted for
the grounds; they may be too detergent for our
subtle equipment, especially the delicate silicone
part. Manufacturers have always given us obscure
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Table 4.1 Usual report of whole-body critical ultrasound

Hépital Service de
Ambroise-Paré Réanimation Médicale

ULTRASOUND REPORT

| NAME oo, DATE2008 o AM/PM

D. Lichtenstein ~ Unit: Hitachi EUB-405 - probe 5 MHz microconvex  Birth date  Setting Day XX
Clinical question :

Conditions, patient’s echogenicity : correct OR ELSE (1)

Ventilatory status and position :  mechanical/spontaneous ventilation Tidal volume  PEEP 02 Eupnea/dyspnea
Patient sedated or not  Curarization or not supine position  semi recumbent armchair other

Various items for research design (auscultation data, description of radiography)

Thorax
Right lung
- Anterior analysis:
- Upper BLUE-point :
- peak lung sliding: present abolished
- artifacts : exclusive or predominant A lines OR ELSE
- Lower BLUE-point :
- same items
- Lateral analysis :
- lateral: B lines OR ELSE
- pleural effusion:
- alveolar consolidation:
- phrenic point : Cupola:  eutopic OR ELSE.  Amplitude xxx mm
- Semiposterior analysis :
- PLAPS-point : PLAPS (+ details) or not - OR ELSE
- Stage 4 analysis :
- apex analysis:
- comprehensive posterior scanning:
Left lung

- same items
Mediastinum
Thoracic aorta (initial, arch, descending aorta) :  normal OR ELSE
Right pulmonary artery : visible OR ELSE
Vena cava superior: visible OR ELSE
Heart (two-dimensional approach). Easy examination OR ELSE
Pericardium : sub- normal (2) OR ELSE

Left ventricle : text
- diastolic caliper - systolic caliper
- i.e. : global contractility : low normal exagerated
- dilatation :  absent moderate substantial

Right ventricle: text

- volume: normal enlarged
- free wall: thin thick OR ELSE
- contractility

Other elements : text
Deep veins
Two-dimension, without Doppler, controlled compression method
Internal jugular (dominant: right or left) : free OR ELSE  On-site catheter Yes No
Subclavian: free OR ELSE On-site catheter Yes No

IVC: correct exploration, empty vessel OR ELSE
lliac: correct exploration, empty vessel  OR ELSE
Femoral: free OR ELSE
(continued)
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Table 4.1 (continued)

Popliteal: free OR ELSE
Calf:  atleast partially (%) compressible OR ELSE

Head

Right (left) optic nerve: Caliper xxx (hM) Micro-bulging : yes/no  Sinuosity checked: yes/no
Maxillary sinus (supine / erect patient) ( nasogastric probe yes / no) Right (left) : Sinusogram absent OR
present If present: complete OR incomplete

Abdomen
Examination : optimal / suboptimal (reasons: body habitus, gas, dressings, others)
Fluid peritoneal effusion: absent OR ELSE
Pneumoperitoneum : absent (gut sliding present and/or splanchnogram) OR ELSE
Stomac: full empty gastric probe visible insitu  OR ELSE

Small bowel : peristalsis present or abolished or not accessible Wall: thin OR ELSE
Caliper: normal OR ELSE Contents: anechoic or echoic Unaccessible bowel

Colon Same items  Search for air-fluid levels

Aorta: regular OR ELSE

Inferior vena cava: Expiratory size at the left renal vein = xxx mm Patency :

Adrenal : analyzed  OR ELSE

Kidneys : nondilated pelvis OR ELSE

Bladder: full empty correctly drained Uterus :

Gallbladder :  No elective pain Not enlarged (nn x nn mm) Wall not thickened ( mm)

Wall regular homogeneous Contents anechoic, or sludge (%)  No satellite peritoneal effusion
OR ABSENCE OF THESE ITEMS

Liver : no visible acute anomaly - no portal gas - on comprehensive or limited examination OR ELSE
Biliary tract: fine OR ELSE

Spleen: normalsize OR ELSE  Homogeneous pattern OR ELSE

Portal system : noanomaly OR ELSE

Pancreas : normal in size and echostructure OR ELSE

Retroperitoneum : analyzed OR ELSE

Other remarkable elements seen:

Miscellaneous
Musculo-fat ratio. Thickness of the crural muscle (right tigh):

| SYNTHESIS |

A practical synthesis is written (time permitting) in a style allowing any physician, even
without ultrasound culture, to understand the main points of the clinical situation. It focuses
on immediate management changes.

Notes for the textbook :

(1) an item which has not been filled (in the heat of the night management e.g.) does not
create ambiguity thanks to the words “or else”

(2) If minimal pericardial effusion, keep “sub”

The style of this report has been designed for expediting its writing. It contains data pertinent to the initial examination
of an unstable patient as well as routine examinations in stable, ventilated patients: a kind of photographic reference,
useful for later examinations. Positive as well as negative items are specified. Serendipitous findings with immediate or
delayed (aneurism) consequences are recalled here
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Fig. 4.1 Bacteriological partition of our unit. Only the
circled parts need to be touched and should therefore be
disinfected after use. See this flat keyboard, immediately
cleaned. One single probe can efficiently be cleaned
before insertion on its stand. There is no need to touch any
of the other parts (with crosses) during the examination
(or if so, they should just be cleaned after)

answers. We were obliged to take some risk and
build up experience with years. We have been
using a 60 % alcohol-based alkylamine bacteri-
cidal spray with neutral tensioactive amphoteric
pH on the microconvex probe of our Hitachi
EUB-405 unit since 1995, and our probe has still
not shown any damage (Fig. 4.3). Some authors
have proposed 70 % alcohol as a simple and effi-
cient procedure [2], but a majority of authors find
it risky for the probes and not effective enough.
An aldehyde-based and alcohol-based spray has
been advocated [3], but this is a questionable
approach if this blend fixes the proteins. The gel

Fig. 4.2 A flat screen. This kind of screen, available in
our 1982 ADR-4000 and 1992 Hitachi-405, is cleaned in
a few seconds

Fig.4.3 How the top of our unit is optimized. This simple
figure shows several points. First, our analogic unit, not a
laptop, has a top, and we can see how this top is exploited,
optimal space management in the usual dimension, the
width: three tools, including one single probe (P), allowing
to avoid these lateral stands which expand the width of the
laptop (and other) machines, one (gelless) contact product
(C), and one disinfectant (D) well tolerated since years and
years by the probe. Second, it shows how the three tools we
permanently use are solidly fixed on allotted holes, prevent-
ing any fall during transportation. Third, the unique probe
concept allows precisely this configuration, avoiding these
lateral stands which take lateral space (see through the text-
book). Fourth, here is featuring the 2008 update of our 1992
technology (they just added some cosmetic changes: this
purple color on the body).

is a culture medium for bacteria. Many constrain-
ing procedures have been designed for carefully
withdrawing all marks of gel. Some advocate an
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absorbent towel between two patients [4]. In the
ICU, this solution seems clearly questionable.
Since we do not use gel, these complicated pro-
cedures can be forgotten.

When Is It Time to Perform
an Ultrasound Examination

The simple admission to an ICU is a sign of grav-
ity. Ultrasound is fully part of the physical exami-
nation and is practiced during (sometimes after)
(sometimes before, in cardiac arrest) this basic
step. Only beneficial information can emerge
from it (read Anecdotal Note 1). The utility of
ultrasound has been proven in the critically ill.
We expect each patient to benefit from several
examinations during any long stay — not to say
everyday or more.

For being schematical, the first contact pro-
vides the initial diagnosis. It includes any proce-
dure, either diagnostic (puncture of suspect site)
or venous line insertion. The following step is the
follow-up, done ad lib, for early detection of the
usual complications (pneumonia, sinusitis,
thromboses, etc.). Routine, repeated ultrasound
tests in the ICU are like taking a “photograph” of
the patient. A test limited to one point (e.g., full
bladder) takes a few seconds. The CLOT-protocol
is a typical application of this concept (developed
in Chap. 28).

Since When Do We Perform
These Whole-Body Ultrasound
Examinations: Some Historical
Perspectives

Our hospital is probably the first where an ultra-
sound unit, belonging to the ICU for cardiac
investigations (the efficient work of Francgois
Jardin), was used on the whole body by the
intensivist, for immediate management. Our
princeps study, sent in 1991, found a 22 % util-
ity rate with immediate therapeutic changes in
consecutive patients [5]. This percentage is con-
firmed in clinical settings [6] as well as, inter-

estingly, the 31 % rate in a study considering
unexpected autopsy findings from ICU patients
[7]. Our 22 % rate was a minimal, since it did
not include unpublished applications, i.e.,
mainly lung ultrasound and other fields (optic
nerve, sinusitis, etc.), nor the benefit of repeated
examinations for monitoring critically ill
patients (venous thromboses, e.g.), nor cardiac
results, nor interventional procedures, nor nega-
tive findings with immediate change in manage-
ment (e.g., postponing CT when the question
was answered), nor the decrease in radiations
(X-rays), nor postponing of painful tests (arte-
rial blood gas), etc. Performed today, this study
would clearly quadruple this initial value of
22 %.

Anecdotal Note

1. In ancient times, but far after the era of clinical
ultrasound, it was not rare to see in prestigious
institutions the admission of a patient by a team
who knew the work and did not need bedside
ultrasound. The patient, definitely critically ill,
worsened day after day in spite of the therapy
(done from a wrong diagnosis), eventually the
team decided to practice an ultrasound test (at
worst, sending the patient to the radiology
department and to an inexperienced radiolo-
gist) (at best in the ICU by a skilled ICU mem-
ber), and the diagnosis was done, just a bit late,
once the inflammatory cascade was ongoing.
We use the past, because we hope such a
scenario would be difficult to find, nowadays.
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The Seven Principles of Lung

Ultrasound

Lung ultrasound is a standardized domain. Each
of its components is based upon pathophysiologi-
cal realities. As for any novelty, a new terminol-
ogy had to be considered. The one used in the

BLUE-protocol favors fast communication, in

the spirit of aviation language: maximal informa-

tion in minimal time.

In this quest, a maximal effort has been done
for helping memory. Logic and culture were
mixed together. As an example, the term “B-line”
should spontaneously suggest interstitial syn-
drome to any physician. Confusions were avoided
for the best. The terms A-lines, B-lines, and up to
Z-lines have been chosen on purpose with each
time a precise idea helping memorization. We
checked that the bat sign, seashore sign, lung
sliding, quad sign, sinusoid sign, tissue-like sign,
shred sign, lung rockets, stratosphere sign, lung
point, BLUE-protocol, etc., did not yield confu-
sion in the medical terminology. The standardiza-
tion of the method is favored by following seven
principles:

1. A simple method is suitable for lung ultra-
sound. A two-dimensional unit without filters
or facilities is the most appropriate.

2. The thorax is an area where air and water are
intimately mingled.

3. The lung is the largest organ in the human
body.

4. All signs arise from the pleural line.

5. Lung signs are mainly based on the analysis
of the artifacts.

6. The lung is a vital organ. Most signs are
dynamic.

7. Nearly all acute disorders of the thorax come
in contact with the surface. This explains the
potential of lung ultrasound, which is para-
doxical only at first view.

Development of the First Principle:
A Simple Method

Two peculiar points highlight lung ultrasound.

First, sophisticated units — usually devoted
for cardiac explorations — are not ideal. The
large size of these cardiac units, the image res-
olution, the start-up time, the probe shape, the
complexity of the technology, and the high
cost can be hindrances for bedside use devoted
to critically ill patients The machine that we
use, manufactured in 1992, last (cosmetic)
update 2008, is perfect for lung — and whole
body - analysis. We provide some figures
allowing the reader to compare our 1992 reso-
lution with laptop models from the twenty-first
century (see Fig. 2.2). One figure in particular
may explain one of the main reasons of the
delay of use of lung ultrasound in many ICUs
(Fig. 5.1).
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Fig.5.1 Cardiac probes. This figure shows (right image)
how lung ultrasound appeared to many intensivists who
had standard echocardiography units. One can understand

Second, the pleural line and the normal signs
arising from it (A-lines and lung sliding) are the
same at any part of the thorax. The lung is a
simple organ, unlike the heart, the abdomen
(which contains more than 21 organs), or a
fetus.

Development of the Second
Principle: Understanding the Air-
Fluid Ratio and Respecting the Sky-
Earth Axis

Air and fluids coexist in the lung. Air rises, fluids
sink. Lung ultrasound requires precisions on the
patient’s position with respect to the sky-earth
axis and the area where the probe is applied.
Pneumothorax is nondependent, interstitial syn-
drome usually nondependent, alveolar consolida-
tion usually dependent, and fluid pleural effusion
fully dependent.

The critically ill patient can be examined in
supine, semirecumbent, or sometimes lateral
position, rarely in an armchair, and on occasion

‘ ¥155 24.04m200
08:16:11

825-3.
28H

that they were not fully encouraged to go beyond.
Compare with our 1992 machine (/eft)

in the prone position. Dependent disorders can
become nondependent in the prone position.

The mingling between air and fluids generates
the artifacts because of the high acoustic impedance
gradient. Air completely stops the ultrasound
beam (acoustic barrier); fluid is an excellent
medium that facilitates its transmission. The air-
fluid ratio differs completely from one disease to
another. We used to describe the disorders from
pure fluid to pure air, i.e., pleural effusion (pure
fluid), lung consolidation, from atelectasis (mostly
fluid) to pneumonia (some air), interstitial syn-
drome (mostly air), the normal lung (slightly
hydrated), and pneumothorax (pure air) (Fig. 5.2).

In pleural effusion, the air-fluid ratio is 0.

In lung consolidation, the air-fluid ratio is
very low, roughly 0.1 (due to some air
bronchograms).

In interstitial syndrome, the air-fluid ratio is
very high, roughly 0.95 (air is mingled with min-
ute interstitial edema).

In decompensated COPD or asthma, air is the
major component, and the ratio is higher, roughly
0.98.
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Air
100%

- Pneumothorax
=
" .

Normal lung
[ =
97% \ Interstitial syndrome (thickened septa)

Pneumonia

Atelectasis

Pleural effusion

Fluid

Fig. 5.2 The air-fluid ratio curve. The main disorders —
and the normal lung — feature between pure air and pure
fluid. Note, between pneumothorax and interstitial syn-
drome, the position of the normal lung. In order not to
complicate this graph, we did not feature anaerobic empy-
ema, which contains minute amounts of gas (and has
echoic content)

The normal lung should logically be located
here, the air-fluid ratio being roughly the same,
0.98.

In pneumothorax, the air-fluid ratio is 1.

The Third Principle: Locating
the Lung and Defining Areas
of Investigation

This deserves a whole chapter to make sub-
headings more visual. The principle is to make
a lung ultrasound examination as standardized
as an ECG. This principle is linked to the 7th,
which defines where the diseases are. Like the
ECG, we will define 6 basic points of analysis,
three per lung: the BLUE-points (Chap. 6).

The Fourth Principle: Defining
the Pleural Line

This is the time to take the probe. The pleural line
is the basis of lung ultrasound, developed in
Chap. 8.

The Fifth Principle: Dealing
with the Artifact Which Defines
the Normal Lung, the A-Line

This is the time to analyze the resulting image;
this is developed in Chap. 9.

The Sixth Principle: Defining
the Dynamic Characteristic
of the Normal Lung, Lung Sliding

The lung is a vital organ and therefore moves per-
manently, from birth to death. This is developed
in Chap. 10.

Development of the Seventh
Principle: Acute Disorders Have
Superficial, and Extensive, Location

Two providential features make lung ultrasound

an accessible discipline:

(a) The lung is a superficial organ. The critical
disorders are just near the probe.

The superficial extension of most disorders
to the pleural line explains the 98—100 % fea-
sibility of lung ultrasound in the critically ill.
Pleural effusions and pneumothorax always
reach the pleural line (no necessary study for
proving it — read any CT). Acute lung consoli-
dations touch the chest wall in nearly all cases
(see Chap. 17). Acute interstitial syndrome
extends superficially. The interstitial syndrome
detected at the lung surface is a representa-
tive sample of deeper interstitial syndrome.
Figure 5.3 explains how these disorders are
sharply detected. As opposed to bedside radi-
ography, which creates a summation of pleural,
alveolar, and interstitial changes, ultrasound
distinguishes each of them. The next chap-
ters will show that each acute disorder gives
a particular signal: lung consolidation from
pneumonia to atelectasis, interstitial disorders,
abscess, even pulmonary embolism, etc.
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Air-fluid ratio

Fig.5.3 How the main disorders generate specific signs.
This figure demonstrates the basis of lung ultrasound
according to the air-fluid ratio. Pneumothorax (pure air):
the pleural line is drawn only on the parietal pleura. Pure
air abuts the pleural line. This yields A-lines. The absence
of visceral pleura yields abolition of lung sliding (strato-
sphere sign). Normal lung surface (99 % air): the dynam-
ics of the visceral pleura generates lung sliding. The
normal interlobular septa are too fine for generating
B-lines. The visceral pleura contains a layer of cells, with
minimal hydric content (sufficient for creating lung slid-
ing). Interstitial edema (95 % air): these subpleural inter-
lobular septa are thickened and surrounded by alveolar
gas. The beam penetrates this small mixed system, is
trapped after less than one millimeter, and tries to come
back at the probe head, but is trapped again, this resulting
in persistent to and fro movements, generating one small
line at each movement, resulting in a long, vertical look-
ing hyperechoic line, the B-line (an hydro-aeric artifact).

(b) The acute lung disorders are usually extensive.
Therefore, a few standardized points are suf-
ficient (dealt with in Chap. 6). This property
makes LUCI easy, allowing to expedite our
fast protocols: time-consuming, chancy scan-
nings are unnecessary as opposed to the heart
or abdominal organs. Pleural effusions and
pneumothoraces develop in a free cavity and,
like sheets of paper, have several dimensions.
Even if they are “minute,” they are also exten-
sively applied at the wall. Acute interstitial
syndrome is in our experience quite always

Although enlarged, the septum is still too small to be
directly visualized. Lung consolidation (3 % air): numer-
ous alveoli are filled with fluid (transudate, exudate, etc.).
They are separated by (deep) interlobular septa which,
thin or thick, generate multiple reflecting interfaces,
resulting in a tissue-like pattern. The whole is traversed by
the ultrasound beam, resulting in a lump image of lung
consolidation. The correct term should therefore be alveo-
lar-interstitial syndrome. There is no place here for the
generation of any comet-tail artifact. Note the irregular
end of this (nontranslobar) consolidation, the shred (or
fractal) line, which generates the shred or fractal sign.
Pleural effusion (pure fluid): the two layers of the pleura
are separated by fluid — resulting in a homogeneous pat-
tern (traditionally anechoic, but not for the critical causes:
empyema, hemothorax). This image is enclosed by four
regular borders, especially the lower one, the lung line,
which generates the quad sign

extensive. Lung consolidations make a slight
exception, although most cases are located at
standardized areas (PLAPS-point). Some can
be located anywhere else and be small.

Figure 5.4 shows that only ten signs are
required for diagnosing normal lung surface,
pleural effusion, lung consolidation, interstitial
syndrome, and pneumothorax.

These are the seven principles of lung ultra-
sound. Although long described, they received
constant improvements aiming at gaining effi-
ciency and simplicity [1].
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Fig. 5.4 The ten basic signs for the
lung part of the BLUE-protocol. The
first sign, from the left and the top, is
the basis (the bat sign). The second and
third are signs of normality (A-lines
and lung sliding). The rest are pleural
effusion (quad sign, sinusoid sign),
lung consolidation (shred sign, tissue-
like sign), interstitial syndrome (lung
rockets), and pneumothorax (strato-
sphere sign and lung point — the A-line
sign is already featuring). The only
color is the one of the background, for
esthetic purpose. No space for Doppler
in LUCI. Nice figure indeed (which
inspired some manufacturers)
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The BLUE-Points: Three Points
Allowing Standardization
of a BLUE-Protocol

For exploring the most voluminous organ,
three points allow standardized protocols,
expedite the investigation of critically ill
patients, and warrant the accuracy pub-
lished in the BLUE-protocol native article.

The lung is our most voluminous organ (skin
apart): about 1,500 cm? surface and 17 % of the
body skin area. Where to apply the probe may
appear as a quandary. We could answer simply but
not efficiently “at the same places as the stetho-
scope.” Some experts simplify the problem but
complicate the technique by advocating compre-
hensive scans. In critical settings, time is too pre-
cious. The 7th principle of LUCI states that the
life-threatening disorders have usually an exten-
sive projection. Apart from some small and aber-
rant lung consolidations (read Anecdotal Note 1),
the daily profiles are extensive: pulmonary edema
(even moderate), pneumothorax (even small),
pleural effusion, etc. This remarkable property
allows to use standardized points for expediting a
BLUE-protocol. A basic empiricism associated
with a long research has allowed us to define the
BLUE-points [1]. We defined six BLUE-points,
exactly like the 6 thoracic electrodes of standard
ECG. There are three points per lung, two anterior
and one semiposterior (Anecdotal Note 2).

The Concept of the BLUE-Hands

This concept allows to immediately locate the
lung on any patient, from skinny to bariatric
ones, from firm youngsters to old, tired ladies,
and from babies to giants. The physician first
compares both hand sizes (the term BLUE-
hands refers to the patient). Between 1.65 and
1.85 m, the difference is insignificant. Then,
the physician applies the “upper” hand, just
below the clavicle, with tip of fingers at the
midline (Fig. 6.1). Therefore, the upper hand is
oblique. The physician then applies the “lower”
hand, just below the upper one, thumbs
excluded. The geometry of the hands makes
the lower finger of the lower hand naturally
transverse on the thorax.

Once this is done, the anterior lung is
located, in almost all cases, exactly facing both
hands. The lower finger of the lower hand indi-
cates the lower anterior border of the lung (i.e.,
what we may call the phrenic line). The BLUE-
points replace our previous concepts (read
Anecdotal Note 3).

The BLUE-protocol was designed for explor-
ing supine or semirecumbent patients without
bothering them too much. The anterior and lat-
eral chest walls are rather accessible. The poste-
rior wall, of high relevance, requires more
technical subtleties.

D.A. Lichtenstein, Lung Ultrasound in the Critically Ill: The BLUE Protocol, 51
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Fig. 6.1 The anterior BLUE-points. The upper hand is
applied with the little finger against the lower border of
the clavicle (in its long axis). The finger tips touch the
midline. The lower hand is applied below the first one.
The thumbs do not count. The upper BLUE-point is at the
root of the middle and ring fingers of the upper hand
(upper cross). The lower BLUE-point is in the middle of
the palm of the lower hand (lower cross). In this subject,
the lower BLUE-point is near the nipple. This definition
makes a symmetric analysis usually avoiding the heart.
The lower edge of the lower hand roughly indicates the
phrenic line (arrow), i.e., the end of the lung. Note that
the shape of the hands has been studied in order to correct
the obliquity of the clavicle, yielding a roughly transver-
sal phrenic line. Figure 1.1 shows an examination at the
lower BLUE-point, in a supine patient at Earth level,
defining a Stage 1 examination (1’ in actual fact, since the
subject is in semirecumbent)

Lung Zones, Their Relevance

in the BLUE-Protocol, Their
Combination with the Sky-Earth
Axis for Defining Stages

of Investigation

The anterior zone, defined using the BLUE-hands,
is of utmost relevance, defining in a few seconds
half of the profiles of the BLUE-protocol.

The lateral zone, defined from the anterior to
the posterior axillary line, is not used in the
BLUE-protocol, for reasons of redundancy. It
may be however useful on occasion (if PLAPS-
point is hard to reach) (Fig. 6.2).

Fig. 6.2 Phrenic point. This figure shows a Stage 2
examination, i.e., a lateral continuation of the Stage 1. The
probe here is at the intersection between the middle axil-
lary line (vertical arrow) and the phrenic line (horizontal
arrow): the phrenic point

The posterior zone, i.e., all that is behind the
posterior axillary line, may appear of limited access
in supine patients, a kind of twilight zone, a hidden
face of the moon, etc., because the patient’s weight
squashes the bed. The aim of the PLAPS-point is to
make this zone accessible, precise, and easy (with-
out searching for a help, turning difficult patients,
losing time for unleashing the hands, etc.).

We define stages by considering these areas and
the fact that the patient is seen in the supine posi-
tion and (for most of us) at Earth level. The notion
of stages specifies that the finding is done at Earth
level, a kinda tribute to Scott Dulchavsky and
Andrew Kirkpatrick, who investigate astronauts.
Stage 1 investigates the anterior wall in supine

patients.

Stage 2 adds the lateral wall.

Stage 3 adds the external part of the posterior
wall (zone “3”).

In Stage 4, the patient must be positioned later-
ally, or seated, in order to comprehensively
study the posterior chest wall. Stage 4 also
includes the apex. Only a microconvex probe
can efficiently do this. With Stage 4, ultra-
sound is nearly as competitive as CT.


http://dx.doi.org/10.1007/978-3-319-15371-1_1
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Some Technical Points for Making
Lung Ultrasound an Easier
Discipline

One major interest of the BLUE-points is to
define points far enough from the abdomen. The
advantages are as follows:

e Energy for explaining what the diaphragm
looks like (although not a big issue) is avoided,
at least initially.

* Energy for explaining how to recognize a dia-
phragm in challenging patients (a bigger
issue) is avoided.

* Energy for explaining how to distinguish a
pleural from a peritoneal effusion is avoided.

e Energy for explaining signs we don’t use
(e.g., spinal sign) is avoided.

e Energy for explaining how to distinguish a
basithoracic lung consolidation from some
common abdominal fat (or organ) is avoided.
Without any notion of probe location, it can be
a challenge (Fig. 6.3).

We guess that many users would be frustrated
not to see the diaphragm. Its anterior insertion is
located at the lowest finger of the BLUE-hands,

DVH:4 EMH:2-2 SCC:4
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Fig.6.3 Abdominal fat. Such an image given to a reader
without the notion on where it was taken (here, far more
podal than the lower BLUE-point or PLAPS-point) could
mislead this reader for a lung consolidation. This abdomi-
nal fat may be distinguished, but this would require com-
plicated knowledge: a waste of energy

defining the phrenic line. One main point must be
understood. Using our perpendicular approach,
we do not need to see the diaphragm: its location
and dynamics are much more important. The dia-
phragm insertion is the location where the image
displays on inspiration a thoracic structure at the
left of the screen (i.e., air barrier or pleural or
alveolar disorders) and on expiration an image of
the liver (or spleen) at the right of the screen. We
then know exactly where the diaphragm is (and
how it works) without any direct visualization,
sparing energy.

Following the BLUE-points prevents some
mistakes, such as applying the probe too low. If
applying it on the zones 2 and 4 of (color) Fig. 1
of the international consensus conference on
lung ultrasound (2012), for instance, the users
would regularly see the liver/kidney interface
(which may look at very first sight as a dia-
phragm), would be happy to recognize the “dia-
phragm,” would diagnose a huge lung
consolidation (the... liver) above, and would
prescribe antibiotics to a patient who has noth-
ing to do with a diagnosis of pneumonia (and
will remain untreated).

We should avoid to position patients with their
hand behind their head, as often done for insert-
ing chest tubes. In this position, the scapula
comes in the field, generating an image really dif-
ficult to understand.

Standardization of a Lung
Examination: The BLUE-Points

There are 6 BLUE-points, three per lung. Like
the 6 standard derivations of the ECG, the con-
cept of the BLUE-points should help the users
when they apply their probe on the largest organ
of the body (read caption of Figs. 6.1 and 6.2).
The label upper and lower BLUE-points
assumes a Stage 1 (supine) or 1’ (semirecum-
bent) analysis (if not, position has to be speci-
fied). They aim at following the trapezoidal
shape of the lung.
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Standardization of a Lung
Examination: The Upper
BLUE-Point

It is defined between the 3rd and 4th finger of the
upper BLUE-hand, at their palmar insertion.

Standardization of a Lung
Examination: The Lower BLUE-Point

Itis defined at the middle of the palm of the lower
BLUE-hand. This allows to avoid the heart in
most cases, while having a symmetric definition.
The lower BLUE-point is near to the nipple in the
adult and far below in the neonate, but works at
any age. When the heart occupies the lower
BLUE-point, the probe should be placed more
laterally.

The little finger of the lower BLUE-hand indi-
cates the phrenic line (Fig. 6.2). The continuation
of this line and its intersection with the middle
axillary line define the phrenic point, locating the
usual lateral place of the cupola (which can vary
if there is atelectasis or lung overdistension).

The PLAPS-Point

This paragraph is long. Several details make this
point more complicated than the anterior ones.
One of the multiple benefits is the possibility to
postpone a transfer to CT.

PLAPS is a practical abbreviation (a bit of an
onomatopoeia, since PLAPS often looks like
“splashes”) for posterolateral alveolar and/or pleu-
ral syndrome. See Chap. 15. The PLAPS-point is
posterior (Fig. 6.4). PLAPS is sought for in a Stage
3 examination, i.e., in supine (or semirecumbent)
patients. The PLAPS-point is designed for detect-
ing most alveolar or pleural disorders. Its basic
description is simple: “the intersection between the
posterior axillary line and the transversal line con-
tinuing posteriorly the lower BLUE-point.” The
reality is more complex:

1. Critically ill patients are usually supine, venti-

lated, sedated, and curarized. The bed makes a

physical hindrance to the progression of the

Fig.6.4 PLAPS-point. This figure shows a probe applied
at the PLAPS-point: this is a Stage 3, which adds this
external part of the posterior area, using a short probe.
This is the intersection between the transversal line con-
tinuing the lower BLUE-point (dotted line) and the longi-
tudinal posterior axillary line (arrow) or, as seen here, as
far as possible behind. This figure shows how the back of
the patient is made slightly accessible by taking the elbow
and rotating the thorax to the left, here. We gain precious
centimeters of posterior exploration, with the probe head
as perpendicular as possible and mostly pointing (as far as
possible) to the sky, i.e., suitable for detecting small effu-
sions in supine patients. Rigid beds require more of this
maneuver, since the operator’s hand cannot make a “hole”
in the bed. The PLAPS-point immediately detects small
and large pleural effusions (and 90 % of cases of lung con-
solidations in the critically ill). On the target to the left,
the numbers 1 and 2 indicate the down extensions of the
PLAPS-point. Using the PLAPS-point, the probe is just
above the diaphragm, i.e., in full lung area. PLAPS: pos-
terolateral alveolar and/or pleural syndrome. The right
index of the operator points on the phrenic point (cross)

probe at the back and above all to a 100 %
perpendicular approach of the probe on the
posterior chest wall (a general rule in LUCI).
A long probe would be a major issue to this
maneuver. We aim at showing the maximal of
this posterior wall. The probe head must point
as far as possible to the sky, in accordance
with the principle N°2. We wish at shooting at
the lung (probe being considered like a gun)
and not the parietal layers (Fig. 6.5).
Several solutions are now showed for optimiz-
ing this step:
» Using the shortest probe. Each cm of saved
length is providential for analyzing more


http://dx.doi.org/10.1007/978-3-319-15371-1_15
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Fig.6.5 PLAPS-point and perpendicularity of the probe. Fig. 6.6 PLAPS-hand. For PLAPS-point explorations,
The left red arrow is a little perpendicular to the chest wall ~ the probe must be held this way, like a tennis racket. See
and will display the lung consolidation quite well. The in the text why

right red arrow goes through soft tissues and will never
show lung ultrasound patterns. Intermediate images will
give ill-defined images. The operator should care at apply-
ing the probe as far as possible perpendicular to the wall

the posterior lung (i.e., developing LUCI).
Our microconvex probe is 88 mm long.

e Making a kind of “hole” in the bed. The
hand depresses the bed to gain important
cm. Rigid beds make this gesture more
difficult.

» Slightly turning the patient by putting the
ipsilateral arm above the thorax and push-
ing slightly the elbow toward the midline.
This opens a few (sometimes providential)
degrees (Fig. 6.4). Turning the patient too
much would maybe locate a small effusion
at the mediastinal pleura, preventing to
locate it posteriorly.

e Our last solution for being 100 % perpen-
dicular to the pleural line: just inserting a
TEE probe posteriorly, a maneuver pomp-
ously labeled the BAPLUTEEP maneuver
(bedside assessment of posterior lung using
transesophageal echography probes).

2. How to hold the probe is diametrically
opposed to the anterior way, where there is no
constraint. Here, we have no visual control on
the probe. We will hold it like a tennis racket,
firmly, using the whole hand (Fig. 6.6). Like
orbital walls that protect an eye, the thumb
and index will protect the probe head. This

allows to softly feel the skin and avoid a harm-
ful pressure (for the patient and for the probe).
The cable of the probe should also be pro-
tected from excessive curvature, and the hand,
holding a short probe, will be able to protect
both head and cable.

. The probe should be as perpendicular as pos-

sible: this allows to have well-defined, stan-
dardized images of lung ultrasound signatures
(lung line, fractal line, etc.); it ensures the best
correlations with measurements (a tangential
probe would overestimate dimensions).

. The image acquisition. It can be useful to

slightly rotate the probe for correcting the
obliquity of the ribs. A clear bat sign must be
displayed for locating the pleural line with
confidence.

. For optimizing this approach, the variable geom-

etry of the PLAPS-points must be studied.

* As regards the horizontal component, the
short probe is inserted as far as possible
medially (toward the rachis), after the pos-
terior axillary line, depending on the body
habitus, the possibility to slightly turning
the patient’s back. The shorter the probe,
the easier the PLAPS-point.

* Asregards the vertical component, a nega-
tive examination makes already ultrasound
as accurate as radiography. But the user
wants more.
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* The “extended PLAPS-point”: one inter-
costal downward defines a first extension
of the PLAPS-point (Fig. 6.4). Finding a
PLAPS there makes ultrasound superior to
radiograph. Logically, if no PLAPS has
been found at the native PLAPS-point, a
PLAPS found at this first extension must
have a small volume.

¢ The second extension (one more intercos-

tal space down), done if the first exten-
sion is negative, makes ultrasound as
accurate as CT. If a PLAPS is present, its
volume will be logically very small, just
above the cupola. If a large image appears
on the screen, it cannot be a PLAPS: this
is the liver. This detail (useful in chal-
lenging patients) makes ultrasound easy.

The aim of the PLAPS-point is to have the
probe located at the thorax. Too cranial would
miss small juxta-phrenic lesions and too podal
would make sometimes an insertion of the probe
at the abdomen, showing structural images which
can mimic consolidations, such as the liver,
spleen, or fat. It is much simpler to avoid these
structures than trying to explain why they are not
a lung consolidation (Fig. 6.3). Using the notion
of extended PLAPS-point, the operator will
descend and detect the diaphragm easily. The
principle of this flexible approach allows to
define PLAPS with maximal accuracy and mini-
mal explanations.

The user is free to use a lateral analysis first,
more easy than the PLAPS-point in some venti-
lated patients. If large effusions or consolidations
are detected this way, the BLUE-protocol is con-
cluded as well.

Location of the Lung in Challenging
Patients

The lung volume is the same in batriatric and
thinner patients, yet all this fat may make it dif-
ficult to locate it. The BLUE-hands allow to
confidently locate the anterior lung and acquire
an information rather easily. Although the

PLAPS-point will be strictly defined, the image
acquisition is more difficult. We use some prin-
ciples inspired from air navigation. If there is a
doubt about the diaphragm, the user will scan
podally and identify a large mass podally that
will maybe look also ill defined. This tissular
mass is supposedly the spleen, but may be a lung
consolidation. If the user scans downward, and
detects an organ, also ill-defined, but looking,
even from far, to a kidney, the probability of a
kidney surrounded by a spleen is major. And the
phrenic location is confidently done.

Other Points? The Case
of the Patient in the Prone Position

The simplest way we found was to consider the
scapula. The point just inside its internal border
at half way would be an equivalent of the upper
BLUE-point (upper prone point?). The point at
its lower end would fit for the lower BLUE-point
(lower prone point?). A horizontal line drawn
from one or two fingers above the point where the
lower rib reaches the rachis usually indicates the
diaphragm, at least in young adults (Fig. 6.7).

Regarding the whole thorax, we could have
added many other points, but, from Sybile
Merceron’s words, “too many points kill the
points.” We agree.

BLUE-Points and Clinical
Information

The upper and lower BLUE-points immediately
indicate anterior interstitial syndrome.

The upper BLUE-point immediately indicates
pneumothorax in semirecumbent, dyspneic
patients.

The lower BLUE-point immediately indicates
pneumothorax in supine, ventilated patients.

The PLAPS-point immediately indicates the
huge majority of pleural effusions, whatever their
size, and 90 % of locations of acute lung consoli-
dations. Obviously, substantial effusions or con-
solidations are detected at the phrenic point.
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Fig. 6.7 The prone points, suggestion. Patient in the
prone position. The upper prone point is located just
inside the middle of the scapula. The lower prone point is
just below the scapula. We determine the junction between
the lung and abdomen, in young adults, at one or two cm
above the point where the last ribs reach the rachis

Aside Note More Devoted
to Pulmonologists

Of minor interest to the intensivist, the upper
BLUE-point is roughly located at the upper lobe
or culmen, the lower BLUE-point at the middle
lobe (lingula), and the PLAPS-point at the lower
lobe. In the prone position, one can correlate the
upper third to the upper lobe, the middle to the
Fowler segment of the lower lobe, and the lower
third to the basal pyramid of the lower lobe.

Philosophy of the BLUE-Points:
Can the Users Do Without?

Yes, the operator is always free to insert the probe
at will of course.

Specifically designed for the BLUE-protocol,
the BLUE-points make lung ultrasound simple.
They are standardized and reproducible, associ-
ating clinical efficiency and easiness of use. They
were carefully designed for optimizing the search

for pleural or alveolar disorders, even small. One
main idea is (reminder) to be far enough from the
abdomen. The BLUE-points follow the principle
N°7 of LUCI: most disorders have substantial
extension. A disorder not seen behind a rib will
for sure be seen also above or below. Interstitial
syndrome, pneumothorax, and pleural effusion
especially will be detected as well at a given
BLUE-point than just beside and even at any
other area (the only exception would be a minute
isolated consolidation). Therefore, the BLUE-
points are indicative, but also very flexible. If a
BLUE-point is not accessible (dressing, subcuta-
neous device, electrode applied by not trained
paramedical team, etc.), applying the probe just
beside is faster than tearing the electrode or train-
ing the nursing team to put them at the shoulders
(which should be ideal). As indicated on page 7,
the ribs hide maybe half of the lung surface (at a
given phase), but one can do perfectly with the
other half.

Anecdotal Notes
1. Are small consolidations relevant?

If the patient management critically
depends on the detection of small consolida-
tions, here, we agree that the lung ultrasound
test should be comprehensive. This is not the
case in the BLUE-protocol (this is more
achieved in the extended BLUE-protocol).

2. ECG

We find such definitions frequently in med-
icine, such as the 9 areas which score the abdo-
men, the four breast quadrants, etc. Regarding
the ECG, when we just see how the electrodes
are placed by some students, we just hope that
the users will do better and read the user’s
guide with conscience (to begin with, the one
of Einthoven, published in 1903, awarded 21
years later).

3. Previous points

We defined the lower lung border in the adult
between zero and two/three fingers below the
nipple line. This landmark was valuable only in
adult males, had too wide range, and was diffi-
cult to imagine in the case of saggy breasts,
while young men have a phrenic line 3 fingers
below the nipple line. In the neonate, the nipple
is located higher (five fingers). The BLUE-hands
are valuable at any age. Previously, we divided
the anterior wall in four quadrants, like a breast.




58 6 The BLUE-Points: Three Points Allowing Standardization of a BLUE-Protocol

Reference

1. Lichtenstein D, Meziere G (2011) The BLUE-points:
three standardized points used in the BLUE-protocol
for ultrasound assessment of the lung in acute respira-
tory failure. Crit Ultrasound J 3:109-110



An Introduction to the Signatures
of Lung Ultrasound

For performing lung ultrasound in the critically ill,

we have counted 12 main signs. Only the first ten

are used in the BLUE-protocol (the two others are

the dynamic air bronchogram and the lung pulse).
1. The pleural line

A-lines

Lung sliding

The quad sign

The sinusoid sign

The shred sign

The tissue-like sign

Lung rockets

Abolished lung sliding

The lung point

XXk WD

—_—

1.The pleural line

This is the basis of any lung examination.

2.The A-line

This fundamental horizontal artifact demon-
strates air in the thorax (living or dead air, the
next sign will tell).

4-7.The quad sign, sinusoid
sign, shred sign, and tissue-like
sign

There are signs of pleural effusion and lung con-
solidation. The concept of PLAPS makes one
sign of four, resulting in expediting the BLUE-
protocol and its learning curve.

8.Lung rockets

Defined by three B-lines (or more) between two
ribs, these fundamental artifacts indicate intersti-
tial syndrome. Diffuse lung rockets indicate dif-
fuse interstitial syndrome, of prime relevance in
the critically ill.

9. Abolished lung sliding

It suggests pneumothorax (as well as a multitude
of other conditions). This is demonstrated using
the vision, in real time. If needed, the M-mode
confirms the trouble, displaying the stratosphere
sign.

3.Lungssliding

This sign demonstrates the physiological
dynamic of the lung toward the chest wall. It
gives in M-mode the seashore sign.

10.The lung point

This sign, showing sudden lung signs at a given
area, is pathognomonic to pneumothorax.

D.A. Lichtenstein, Lung Ultrasound in the Critically Ill: The BLUE Protocol, 59
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Other Signs

The dynamic air bronchogram and the lung pulse,
detailed in Chap. 35, are not used in the BLUE-
protocol. They are of high relevance in more
advanced levels of LUCI, since they allow to dis-
tinguish infections from atelectatic lungs, sche-
matically and among other uses.

Countless other signs can be described on
structural patterns, i.e., among others, septations
within  effusions and necrosis  within
consolidations.

Note

“Lung sliding” is not really the opposite of
“abolished lung sliding.” Lung sliding is a basic
sign seen in some diseases (mainly pulmonary
embolism); abolished lung sliding is seen in
other diseases (mainly pneumothorax). In a
shocked patient, lung sliding indicates particu-
lar diseases more than others. This makes ten
signs all in all.


http://dx.doi.org/10.1007/978-3-319-15371-1_35

The Pleural Line

The previous chapters detailed the first three of
the seven main principles of lung ultrasound, just
evoking the four last. Now it is time to take the
probe. Chapter 1 showed how we hold it and how
we don’t. The probe is perpendicular to the ante-
rior chest wall and tries to stay perpendicular at
the PLAPS-point.

Principle N°4 tells that in LUCI, all signs come
from the pleural line. This is an apparently easy
statement, but the pleural line must be carefully
defined, in all circumstances, especially in agi-
tated, dyspneic, bariatric patients, subcutaneous
emphysema, and shaky environments. In bariatric
patients who are agitated because of a severe pneu-
mothorax associated with subcutaneous emphy-
sema, all this in an airborne mission, the rules of
LUCI should minimize the difficulties.

Any BLUE-protocol must begin by a correct
recognition of the pleural line. We do not use
transversal scans. This would make lung ultra-
sound more difficult, since slight movements (of
physician or patient) would deeply change the
image acquisition (see Fig. 1.2).

Our 5 MHz microconvex probe is perfect for
this part of lung investigation.

The Pleural Line: The Basis
General Remarks

The thorax is built by the ribs and lungs. A longi-
tudinal scan in adults makes an alternance of the

rib surface on roughly 2 cm, the lung surface on
roughly 2 cm, the rib on 2 cm, etc.

The rib is recognized easily: arciform hyper-
echoic structure and then acoustic shadow.

Between the top of 2 ribs, one can draw a “rib
line.”

The lung surface, i.e., the visceral pleural, is nor-
mally against the parietal pleural, and both make the
pleural line in normal subjects. This is the line visi-
ble less than a cm below the rib line in standard
adults. This distance is roughly 1/2 cm anteriorly, a
little more posteriorly. At any age including neo-
nates, the pleural line is located at roughly 1/4—1/3
of the distance between the two rib borders.

The pleural line appears as a hyperechoic,
roughly horizontal line (when the probe is cor-
rectly applied, tangential), in actual fact slightly
bended because of intrinsic distorsion of the
image (visible as well with sectorial as linear
probes). The pleural line should be visible in any
circumstance, apart from huge surgical emphy-
sema (Fig. 8.1).

The pleural line indicates the interface
between the soft tissues (fluid-rich) of the wall
and the lung tissue (gas-rich), i.e., the lung-wall
interface. It shows the parietal pleura in all cases
and the visceral pleura, i.e., the lung surface, only
when there is no pneumothorax (nor pulmonec-
tomy). The pleural cavity is normally virtual. The
pleural line makes the parietal and visceral pleu-
ras one line. With our 5 MHz probe, we do not
distinguish the two layers, which is not a
problem.

D.A. Lichtenstein, Lung Ultrasound in the Critically Ill: The BLUE Protocol, 61
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Fig.8.1 The bat sign. The right vertical scale is centimet-
ric. The ribs (cm 1) are recognized by their arciform shape
with frank posterior acoustic shadow. A horizontal line
below the rib line (1/2 cm in the adult) is highlighted
(1.75 cm). This is the pleural line, which basically indi-
cates the parietal pleura (and usually the visceral pleura).
The upper rib, pleural line, and lower rib shape a kind of
bat flying facing us, hence the bat sign, a basic landmark
in lung ultrasonography. We made this figure without
arrow, for keeping it preserved (see Figs. 9.1 and 10.1, for
more details)

Pleural Line and the Bat Sign

The pattern created by the upper rib (left wing),
pleural line (belly), and lower rib (right wing) has
been labeled the bat sign, the basic first step in
any lung ultrasound. It allows to precisely locate
the lung surface using a stable landmark. Using
longitudinal scans, the pleural line is always
under control, even in hard conditions.

The concept of the bat sign avoids confusions
with all other horizontal hyperechoic lines, i.e.,
superficial aponeuroses or deep repetition lines
(A-lines, sub-A-lines, see below).

The visible length of the pleural line in adults,
between two rib shadows (the belly of the bat), is
roughly 2.5 cm (since the concept of a sectorial
scan makes a triangular image).

In the neonate, the bat sign has exactly the
same proportions (see Fig. 32.2).

The term “bat sign” appears in our publica-
tions in 2001 [1].

Variant of the Bat Sign

The “young bat sign.” If the probe is applied near
the sternum (inside the BLUE-points), the carti-
lage generates an ovoid structure that is traversed
by the beam. We associated this pattern to the
image of the young bat (with the idea that the
bones are not yet calcified). In some cases where
this may disturb (challenging examination), a
shift of the probe to the outside will find the
familiar landmark of the ribs.

Subcutaneous Emphysema:
The Mocelin Variant

Amounts of gas invade the soft tissues in this
case, and this prevents to detect the pleural line:
subcutaneous emphysema is a main hindrance to
LUCI. There is a possible reply. Bones are pres-
ent, making a rigid deeper plan. Provided it does
not harm the patient, we apply the probe with a
pressure toward the rib cage in order to hide the
gas. This can result in suddenly detecting an ill-
defined bat sign. This sign, called the “bat in the
fog,” can be as precious as is the sudden detection
of the runway through the fog for a stressed pilot
lost in the fog (Fig. 8.2 and video 14.5).

Like in aviation rules again, the emergency
can change the academic rules. In very difficult
cases, to see a dynamic at the pleural line is pre-
cious, because it allows to locate precisely this
pleural line (even if the ribs are not clearly
visible). In other words, one uses lung sliding as
a sign indicating the pleural line. This nonaca-
demic way, called the Mocelin variant (from a
Brazilian CEURFer), should be carefully used
and must not be a habit, just a tool used in extreme
difficulties. If we detect the pleural line because
there is a lung sliding, this will prevent us to get
accustomed to immediately detect a pneumotho-
rax, which is, in the extreme emergency, one of
the basis of LUCI. The pleural line should be rec-
ognized without any dynamic reference, only
using the bat sign, as far as possible.


http://dx.doi.org/10.1007/978-3-319-15371-1_32#fig2
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Fig.8.2 The bat in the fog and T-lines. Many items are
seen in this apparently challenging figure. This patient had
a rather severe subcutaneous emphysema — after a trauma.
The left image (real time) was quite impossible to inter-
pret. After pressing the probe toward the rib cage, one has
the feeling to detect ill-defined images which may corre-
spond to acoustic shadows of the ribs (rising white
arrows). Below what is possibly the rib line, a hyper-
echoic, horizontal line, ill-defined too, is visible, possibly
the pleural line (2.0 cm of the right vertical scale). On the
right, M-mode image, very slight accidents are visible,
coming exactly from this line (black arrows) or, seen from
bottom to top, stopping exactly at this line (2.0 cm of right
scale). They shape the letter “T.” They are definitely
T-lines, i.e., an extreme equivalent of discreet lung pulse
(see these terms in corresponding Chap. 10). In this really
challenging file, from a traumatized patient with subcuta-
neous emphysema, and in spite of this extreme hindrance,
one could define the rib shadows and the pleural line (the
“bat in the fog”) and a lung pulse. The rules of critical
ultrasound make no space for confusion: there is no
pneumothorax

Standardizing Lung Ultrasound:
Merlin’s Space

Once a probe is applied on an intercostal space
and once the pleural line is identified, it is easy to
build a space which has critical relevance in
LUCI. This is the space located between the
pleural line, the shadow of the ribs, and the lower
border of the screen. It was called Merlin’s space
(from a question of Elisabeth Merlin, CEURFer
from Oceania).

Merlin’s space is normally occupied by air
artifacts. Although always considered indesir-
able, they are under extreme attention in LUCI
(principle N° 5). For the sake of rapid communi-
cation, air artifacts were given short names using

alphabetic classification (we describe 12 of them
at the pleural line: A-, B-, C-, F-, I-,J-, N-, O-, P-,
T-, X-, and Z-lines). This is simpler than appear-
ing at first view. Other artifacts are described
above the pleural line (E-, S-, W-line), in other
parts of the body (sub-B-, G-, R-, U-, V-lines), or
outside the body (H-, K-lines). Most are either
horizontally or vertically oriented.

All signs of LUCI arise at the very level of the
pleural line (see Fig. 5.3). When the pleural lay-
ers are separated, the visceral pleura is either hid-
den by the air (in the case of a pneumothorax) or
perfectly visible (in the case of a pleural
effusion).

Standardizing Lung Ultrasound:
Keye’s Space

For making basic phenomena more easy to stan-
dardize, we have defined a virtual space, gener-
ated by the M-mode. The pleural line separates
an upper rectangle and a lower one. This upper
rectangle, limited downward by the pleural line
(upward and laterally by the borders of the
image), has been coined Keye’s space (from
Linda Keyes, CEURFer from Colorado)
(Fig. 8.3). What happens in Keye’s space is
superficial to the lung.

In quiet breathing, Keye’s space can be
described as a stratified pattern. During dyspnea,
accidents are visible within.

Just note a critical detail: the pleural line is
perfectly defined without any confusion on the
real-time image, using the bat sign. Using our
1992 machine (last update 2008), the pleural
line is at exactly the same level, with no space
for confusion, on the right M-mode image, with
no lag as seen in quite all laptop machines. This
means that, for searching the pleural line on the
right image, one has just to continue the point
where it appears (in the M-mode shooting line,
supposedly at the middle) to the right image.
Not configurating the modern machines this
way would violate principle N°1 of LUCI:
simplicity.
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Fig. 8.3 Keye’s and Merlin’s space. To the left (real
time), Merlin’s space (in blue), framing what is below
the pleural line (rib shadows excluded). To the right
(M-mode), two spaces, separated by the pleural line,
can be defined in any image of lung ultrasound. (1) An
upper rectangle, Keye’s space (in red), a virtual space,
showing what is above the pleural line. (2) A lower rect-
angle, called for simplifying the MM-space, material-
izing what appears at and below the pleural line. Note
this critical point: both images (left and right) are
rigourously side by side. This will help in standardizing
the field. Slightly prematurate now would be the
description of the content of Merlin’s space (an A-line);
Keye’s space (absence of dyspnea) and MM-space (lung
sliding) are rich in data: the basis of the A-profile, sche-
matically a normal lung surface

This notion, just introduced here, will have
critical relevance when diagnosing pneumothorax
in difficult settings. It will be developed in Chaps.
10 and mainly 14.

Standardizing Lung Ultrasound:
The M-Mode-Merlin's Space

We have to define one more entity for clarifying
the concept. Keye’s space was defined as the upper
square on the M-mode image. The lower square
deserves a label. Since it corresponds to Merlin’s
space (real-time concept), we will label it the
“M-Merlin’s space.” Any M-mode image in LUCI
is built from two spaces, Keye’s space above and
the M-mode-Merlin’s space below, both separated
by the line materializing the pleural line (Fig. 8.3).
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The A-Profile (Normal Lung
Surface): 1) The A-Line

We now describe the 5th principle of LUCI. It
should be understood that the A-profile is defined
by both lung sliding and the A-line. Note that a
lung sliding associated to one, or even 2 B-lines
(described in Chap. 11), is still in the definition of
an A-profile (3 B-lines would change it into a
B-profile.

We do not use transversal scans. This would
make lung ultrasound more difficult. Slight
movements (of the physician or patient) would
deeply change the image (see Fig. 1.2). See also
some scary pitfalls in Chap. 14.

Our 5 MHz microconvex probe is perfect for
this part of lung investigation.

The Artifact Which Defines
the Normal Lung Surface: The A-line

Once a probe is applied on an intercostal space,
only artifacts (from bones and lungs) are visible.
These artifacts were always considered undesir-
able. Let us see them with more attention. For the
sake of rapid communication, they were given
short names using alphabetic classification (we
describe 12 of them at the pleural line: A-, B-, C-,
F-, I, J-, N-, O-, P-, T-, X-, and Z-lines). This is
simpler than seemingly at first view. Other arti-
facts are described above the pleural line (E-, S-,
We-line), in other parts of the body (G-, M-, R-, V-,
U-lines), or outside the body (H-, K-lines). Most
are either horizontally or vertically oriented.

The normal artifact arising from the pleural
line, i.e., displayed in Merlin’s space, is the rep-
etition of the pleural line, a roughly horizontal
hyperechoic fine line parallel to the pleural line
(Fig. 9.1). We coined this artifact the A-line, fol-
lowing the alphabetic logic in a nascent disci-
pline. Air blocks the ultrasound beam, which
comes back to the head, yielding this regular arti-
fact. The distance between the pleural line and
the A-line is equal to the skin-pleural line dis-
tance. Several equidistant A-lines can be visible.
They can be called Al-lines, A2-lines, etc.,
according to the number of observed lines, with
little clinical relevance. Of same relevance, hori-
zontal artifacts are sometimes seen between two
A-lines and called “sub-A-lines” and even “sub-
sub-A-lines” (Pi-lines, see Fig. 40.4).

The A-line can be as long as the pleural line
(slightly longer, given the sectorial image) but
can be shorter or even not visible (Fig. 9.2). In
this case, Merlin’s space is homogeneous and
darker than the pleural line. Slight Carmen
maneuvers may make appear A-lines, but this is
not a clinical problem, provided there is no visi-
ble B-line (see Fig. 11.1). This absence of any
artifact is called O-line (O for non-A non-B) or
again A° line, if one accepts to call the first visi-
ble A-line the “Al-line.” In other words, to see
the complete absence of any artifact arising from
the pleural line has the clinical meaning of the
A-line: just gas. The O-line concept allows to
demonstrate the real tone of air: hydro-aeric
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Fig. 9.1 The A-line. The normal lung surface.
Continuation of Fig. 8.1, here featuring with a few arrows.
The right vertical scale is centimetric. The pleural line is
1.75 cm deep, located half a cm below the rib line (verti-
cal arrows, ribs). The horizontal lines visible at cm 3.4
and cm 5.2, in Merlin’s space, are repetitions of the pleu-
ral line. These are the A-lines (horizontal arrows). They
are located at standardized distances: the skin-pleural line
distance, here 1.75 cm. The first A-line is large (upper
arrows). The pleural line and the A-lines cannot be con-
fused with other horizontal lines located above or below.
Note that the center of gravity of the A-line is the head of
the probe (the fop of the image), as opposed to the one of
the B-line, which is at the pleural line

Fig. 9.2 The O-Line. Merlin’s space is completely
homogeneous here, without any anatomic nor artifactual
image, horizontal (A-lines) or vertical (B-lines). The
arrows delineate the expected location of real A-lines.
This artifact, non-A non-B but having the value of A-lines,
has been called O-line (don’t search for any line; O is also
for zero). As opposed to endless zoologic discussions
about the zebra’s coat, this figure proves that the natural
tone of air is dark on ultrasound. Normal or pathologic gas
(pneumothorax) can yield O-lines

artifacts (the B-lines) give hyperechoic patterns,
up to a completely white diffuse Merlin’s space
(the Birolleau variant; see Fig. 12.6). We con-
clude that fluids, traditionally described as
anechoic, yield hyperechoic tone, when they are
minute and surrounded by gas. We also conclude
that the natural tone of the pure air is, in the ultra-
sound world, the dark.

Note

The A-line is the normal artifact, yet it is also one
of the signs of pneumothorax. What should be
understood is that A-lines indicate air, either
quasi-pure (normal lung surface) or pure (pneu-
mothorax). The air of the ICU room, when the
probe is on its stand, generates a kind of horizon-
tal lines, the H-lines (see Fig. 40.2). Air yields
horizontal lines.

Other Artifacts

The main other artifact is the vertical B-line. Its
description raises a didactic issue: it is pathologi-
cal but some locations are found at the normal
lung. See Chap. 12, normal variants of the
B-lines.

Some History

The first official mention of the label “A-lines”
was made in 1997 [1].
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The A-Profile (Normal Lung
Surface): 2) Lung Sliding

In workshops, the lung sliding of healthy
models is rather easy to study. In the criti-
cally ill, because either exacerbated but
parasited by severe dyspneas or made too
subtle by deep sedations, its study needs
the consideration of adapted signs.

The normal lung surface is defined by the
association of A-lines and lung sliding. At the
anterior chest wall in a supine patient, this is the
A-profile.

Detecting lung sliding is the first step of the
BLUE-protocol. Lung sliding is a physiological
phenomenon that anyone can easily detect using
appropriate tools. In the critically ill, because
either dyspneic or ventilated, different phenom-
ena occur. For describing them scientifically, sev-
eral points must be specified, and this deserves a
full chapter.

Like any vital organ, the lung moves from our
birth to our death without interruption. Lung slid-
ing is a kind of dynamic (sparkling, twinkling,
glittering, shimmering, and “ant’s walk” are suit-
able terms too) arising from the pleural line
(Fig. 10.1, Video 10.1). The pleural line is built

Electronic supplementary material The online ver-
sion of this chapter (doi:10.1007/978-3-319-15371-1_10)
contains supplementary material, which is available to
authorized users.
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by two layers: the parietal pleura, always motion-
less, and the visceral pleura, only when the lung
is at the chest wall, moving or not. The sliding of
the visceral pleura against the parietal pleura cre-
ates this sparkling at the pleural line.

Lung sliding indicates that, first, the lung is at
the chest wall and, second, this lung works.

“Lung sliding” is a euphonic locution; read
Anecdotal note 1.

Our 5 MHz microconvex probe is ideal for
this part of lung investigation. Using our tech-
nique (which can be summarized as withdrawing
any kind of filter), it makes a work similar (if not
superior) to the usual vascular probes advocated
by some.

Lung Sliding: A New Sign, a New
Entity in the Respiratory Semiology

Lung sliding indicates a physiological reality,
the descent of the lung toward the abdomen. Is it
a valuable sign? How to assess it? Not clinically
of course; we don’t benefit from any specific
sign from the father of lung semiology [1]. So
with what? Fluoroscopy? It is a too imperfect
tool. Lung sliding should be considered as a
new sign which speaks for itself and does not
need any gold standard. Those who denied the
reality of lung ultrasound were maybe in lack of
a gold standard [2]. Some would have appreci-
ated a tool allowing to better understand the
lung physiology [3].
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Fig. 10.1 The seashore sign. This figure is the continua-
tion of Fig. 8.1 and Fig. 9.1, provided without any arrow.
The present figure is crowded with arrows. Left, real-time
image. The simple (isolated) vertical arrows show the
ribs. The white horizontal arrows show the pleural line,
clearly defined by the bat sign. Gray horizontal arrows
show some of the numerous horizontal lines which should
not be confused with the pleural line. They indicate, from
top to bottom, the skin, some aponeuroses, a rib, minor air
reflections below the pleural line called sub-A-lines (see
Fig. 40.4), and (lower gray arrow) an A-line. Right:
M-mode. A marked change appears between Keye’s
space, here “quiet” above the black arrows, and the space

Since when is ultrasound able to detect this
fine movement? From our eyes, since at least
1982, but it is obvious that the antique, panto-
graphic systems of the 1960s were able to dem-
onstrate this dynamic, using M-mode.

Normal Lung Sliding in the Healthy
Subject, a Relative Dynamic:
The Seashore Sign

The lung works like a craniocaudal piston. Lung
sliding is more easy to detect using longitudinal
scans; this is one of the reasons why we advise
them.

We now define lung sliding as a homogeneous
sparkling of the whole of the Merlin’s space, i.e.,
beginning at the very pleural line, not one mm
above, not one mm below. This dynamic is rela-
tive, a critical notion since a diffuse dynamic of
the whole image is unavoidable. First, the patient
as well as the doctor are still alive, both generat-
ing minute movements. Second, there is a minute
background noise. Yet these dynamics are dif-

below, called M-Merlin’s space or again MM-space. The
black arrows indicate precisely the pleural line, with no
space for confusion. Look at the upper coupled, vertical
white arrows, indicating how finely real time and M-mode
are tuned together: this allows immediate location of the
pleural line in any circumstance, a critical point in extreme
emergencies. Compare with Fig. 10.5. Keye’s space dis-
plays something like quiet waves. The space below
(MM-space) shows a homogeneous, sandy pattern, gener-
ated by the lung when sliding against the chest wall. This
is the seashore sign. No need for video, this figure allows
to identify a lung sliding without any confusion

fuse, whereas lung sliding begins at the very
pleural line. The M-mode appears to be insensi-
tive to the background noise; this is why it dis-
plays a sandy pattern exactly at and below the
pleural line. We called this pattern the seashore
sign (Fig. 10.1). The use of the M-mode perfectly
highlights the relativity between lung sliding and
motionless wall.

The M-mode is useful for understanding lung
sliding. The whole of Merlin’s space twinkles,
creating this seashore sign. The physicians able
to interpret a posteriori a frozen M-mode image
prove that they master lung ultrasound. They
won’t need videos. Yet one point is of prime
importance: the operator’s eye should recognize
lung sliding through a real-time image before
using M-mode. This must be a habit. One main
reason is explained in the SESAME-protocol
(cardiac arrest), where there is no time for start-
ing the M-mode.

The M-mode is practical for data recording; it
is easier to insert an image in a medical file. In the
LUCIFLR project, one image is taken after any
thoracic procedure and must show the bat sign at
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the left, the seashore sign at the right, and a men-
tion where it was taken (e.g., upper BLUE-point,
supine patient): this replaces (to advantage!) the
chest radiography (Chap. 29).

Lung sliding is suppressed by many condi-
tions (listed in Table 14.1). Apart from them, it is
present in eupnea and dyspnea, in spontaneous as
well as conventional mechanical ventilation. It is
visible in skinny and bariatric patients (see Fig.
33.3). It is present in bronchial emphysema. In
giant emphysema bulla, in our observations, a
minute lung sliding (or equivalents, see below) is
usually detected. Lung sliding is visible at any
age, from the first second of extrauterine life to
the dying breath.

Lung Sliding, Also a Subtle Sign
Which Can Be Destroyed by
Inappropriate Filters or So-Called
Facilities. The Importance

of Mastering Dynamics

and Bypassing These Facilities

Simple clues will optimize the analysis of lung

sliding. We face a dynamic feature. Therefore,

the physician must control the dynamic dimen-
sion, i.e., suppressing, or understanding, all other
dynamics.

1. A dynamic coming from the physician must
be suppressed by any means.

Only the patient is allowed to move. The
operator’s hand must be fully standstill
(Fig. 10.2). Our small microconvex probe,
easy to handle like a pen, favors this standstill-
ness. Ecolight is a non-slippery product, and
energy devoted for keeping the probe stable is
spared. Once the operator gets the best image
of the bat sign, he/she stops any movement
and “quietly” watches at the pleural line, like
a sniper (see again Fig. 1.1).

2. A dynamic impaired by filters must be recog-
nized by any means, and these filters must be
suppressed.

All factors making lung ultrasound more
difficult must be destroyed. The problem is

Fig. 10.2 Mastery of dynamics. As far as possible (set-
ting permitting), the hand of the operator must be com-
pletely motionless and be able to wait for hours, without
moving and without fatigue, like a sniper. Nonsteady hand
is a key for failure. Only the patient is expected to move

simple: they have conceived sophisticated
programs which slightly improve tissular
imaging (a minor benefit for us) and deeply
worsen lung imaging, the most critical. See
the sections below, widely dealing with this
issue.

3. A dynamic created by the critically ill patient,
either exacerbated by dyspnea or decreased by
mechanical ventilation.

This dynamic cannot be suppressed; one
must work with it. It will generate difficulties.
These difficulties will be mastered. This also
deserves a special section.

The Various Degrees of Lung
Sliding, Considering Caricaturally
Opposed States

Lung sliding is naturally weaker at the apex, a
kind of starting block. Lung sliding is naturally
weaker in quiet ventilation. We can therefore
imagine two situations: Studying the lower
BLUE-point of a hyperventilating, dyspneic
patient will show a frank lung sliding but associ-
ated with parasite noise. Studying the upper
BLUE-point of a deeply sedated patient will not
show any parasite dynamic but will show an
extremely weak lung sliding.

Note: one can be very dyspneic on mechanical
ventilation.

For mastering lung sliding in these extreme,
but daily, situations, we should master the real-
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time/M-mode harmony, as well as all filters. This
proves highly useful when there is too much
dynamic or not enough dynamic.

For making all this clear, we will ask a
healthy volunteer to show us various degrees of
breathing. These experiments will be done just
for simplifying the concept, but the whole of the
observations can be found in our critically ill
patients.

Lung Sliding in the Dyspneic
Patient. The Maximal Type. Critical
Notions Regarding the Mastery
of the B/M-Mode

A severe dyspnea generates uncontrolled move-
ments of the patient, at the highest degree of
anxiety. This patient tries to survive by any
means, futile such as opening the window, use-
ful such as recruiting the accessory respiratory
muscles.

Observing the fine dynamic of lung sliding in
such a “messy” environment may appear chal-
lenging, an equivalent of shooting from a mobile
point toward a mobile target, obeying to the
hectic rules of dogfights. All patients of the
BLUE-protocol had a severe dyspnea, generat-
ing a parasite dynamic above the pleural line
that we called muscular sliding on real time.
Users may be unable to locate whether the
dynamic comes from the pleural line or above.
Here, the M-mode has a critical relevance. The
rules of lung ultrasound make no space for
approximation: a “sand” arising above the pleu-
ral line, even a few mm above, does not come
from the lung. Any sandy phenomenon which
arises above the pleural line cannot be labeled a
“seashore sign.”

Dyspnea and the Keyes’ Sign

Take our healthy volunteer and lock him up in a
confined room. You create a “pure” dyspnea (on
healthy lungs) which gradually worsens

(Technical note 1). Then analyze the lower
BLUE-point or more caudal, where lung ampli-
tude is maximal. Such a dyspnea will create two
conflicting dynamics (apart from the body agita-
tion due to uncontrolled anxiety).
A. The dyspnea creates an increase of the tidal
volume. The amplitude of lung sliding is
increased, resulting in a marked seashore
sign.
The dyspnea recruits accessory muscles. This
generates perturbations above the pleural
line.
The real time (bat sign) locates the pleural line
in any circumstances, allowing to define Keye’s
space on M-mode. A Keye space full of accidents
instead of the regular stratified image has the
meaning of a severe dyspnea and was coined
Keye’s sign (Fig. 10.3) (Video 10.2). Keyes’ sign
describes with no space for confusion these para-
site dynamic phenomena occurring above the
pleural line. And now, we have all elements for
defining the seashore sign. The seashore must
arise from the pleural line, always, i.e., the lower
limit of Keye’s space (defined using real time
first, reminder).

For recognizing a lung sliding within Keye’s
sign and getting rid of any trouble, we use several
successive approaches.

1. The first to do is to focus on the real-time
image. Some patterns are disturbing when
seen only on M-mode, especially when there
is a permanent Keye’s sand (we called them
the Nogué-Armandariz sign, from spanish
Ceurfers), but can be much easier to analyze
on real time, allowing often to distinguish the
muscular sliding from the lung sliding. Think
“M like Moderate.”

2. If the first approach does not work, sometimes
muscular sliding and lung sliding are not per-
fectly synchronized. This makes transitory but
sufficient instants where the seashore sign can
be recognized, distinct from stratospheric pat-
tern above (Fig. 10.3). These subtle signs
remind how ventricular tachycardia is diag-
nosed (Anecdotal note 2).

3. If the first two approaches do not work, we use
a sign not yet labeled (it is in actual fact the
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Fig. 10.3 Dyspnea and Keye’s sign. Left, real time. The
black arrow shows an intermuscular aponeurosis. The
white arrow shows the pleural line. R, shadow of ribs.
Right, M-mode. This image may appear as a stormy sea.
The muscular contraction (indicating major dyspnea) has
generated a sandy pattern beginning (from top) at the area
of the black horizontal arrow, i.e., above the pleural line.
Is this dyspnea due to a pneumothorax? The vertical white
arrows (inserted at a distance of the event) clearly display
an area of typical seashore sign with a short zone of pre-
served Keye’s space. This is sufficient. The diagnosis of

opposite of Avicenne’s sign, described in

Chap. 14 and demonstrating how an abolished

lung sliding can anyway be detected). It

requires full understanding of Keye’s space.

When the column of sand from above the

pleural line (the dyspnea) undergoes a change,

even slight, when crossing the pleural line, it
is possible to affirm that lung sliding is pres-

ent (Fig. 10.3).

Note (this can help) that the “sand” of the
Keyes’ sign is a bit different from the seashore
sign of lung sliding. It is stretched, not as puncti-
form as the genuine seashore sign.

Confusing Configurations

We wrote in Chap. 8 that correctly designed
machines locate the real-time and M-mode
images exactly side by side. Not “side by side.”
Exactly side by side. Now an issue has to be
known. Most laptop machines, from cheap to
costly, display the M-mode with a lag when
compared to the real-time image. This will pre-

pneumothorax can be excluded. This 55-year-old lady
suffered from a severe asthma. The location of the real-
time and M-mode images at the same horizontal level
makes easy the distinction between pleural line and mus-
cular lines — in time-dependent settings. Would such an
area not be displayed, subtle eyes may observe a fine
change when the column of sand arising from the horizon-
tal black arrow crosses the pleural line at the horizontal
white arrow: this pattern is opposed to Avicenne’s sign
described in Chap. 14. Here, lung sliding has been identi-
fied as present

vent to locate immediately the pleural line with
confidence in acute situations, when stress does
not help.

We see two options. In one, the real-time
image comes upstairs, small, with a large
M-mode image downstairs; one must extrapo-
late, with haste, where the real pleural line is
(Fig. 10.4). In another, both images are dis-
played apparently side by side, but not exactly
side by side (Fig. 10.5). The perfect configu-
ration we had in our 1982 ADR-4000 and our
1992 Hitachi 405, which both display both
images exactly side by side, with no space for
confusion, was not used again by the modern
manufacturers, who, for incomprehensible rea-
sons, display a gap, a lag. And nothing to rectify
it. This lag corresponds roughly, bad luck, to the
thickness of the intercostal muscle or more. The
consequences are dealt with in Chap. 14. The
operator must guess the pleural line location
with extreme haste (when there is no time for
guesses) or, worse, risks to believe that the right
image corresponds to the left one. Therefore,
the unexperienced operator will think that the
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Fig. 10.4 One configuration of M-mode. Example of a
nonsuitable setting for lung ultrasound. The image quality
of the upper image prevents from locating the pleural line
with accuracy (cardiac probe). Since the real-time image
is not located at the left of the M-mode image, the pleural
line cannot be rapidly and confidently located; the user
must guess or extrapolate. The “seashore” pattern comes
maybe from the pleural line, maybe from a more superfi-
cial structure. Please see Fig. 10.5, even more pernicious.
Lung sliding in a ventilated neonate

M-mode pleural line is this line at the level of
the real-time pleural line; confusing the pleura
with an aponeurosis will confuse the sand aris-
ing above the pleural line with a lung sliding,
conclude “lung sliding present,” and miss the
pneumothorax.

This configuration where both images are
roughly but not exactly side by side is the
worst.

These concepts are not suitable for optimal
lung ultrasound. They have been built by man-
ufacturers unaware of the existence of lung
ultrasound. This adds complexity in a field
which is simple but not that simple, so let’s not
add more. Look at the musical notes of
Fig. 10.5.

This is not the last surprise. Some 2014 machines
coming from self-proclaimed leaders in critical
ultrasound display the M-mode at the detriment of
the real time: once the M-mode is activated, the real-
time image is frozen. The operator suddenly flies in
the fog and loses control of lung ultrasound.

One last pitfall: beginning by M-mode (first
mistake) and for no reason increasing the gain.

Correct music

Bad music

Fig.10.5 M-mode and a wrong note. The arrows indicate
the misconception. In very widespread machines, for
unknown reasons, real time and M-mode are not exactly
side by side (compare with Fig. 10.1). By bad providence,
the lag corresponds to the intercostal muscle. In dyspneic
patients, “sand” can be displayed from this level, i.e., above
the pleural line. This will make more complex a diagnosis
(pneumothorax) which asks to be, and is, simple — yet lung
ultrasound does not need superimposed complexity. Here,
more than in Fig. 10.1, young users can be fooled. At the
bottom is a musical score. The left note is ill defined, and
the composer’s intentions are unclear. The notes at the right
are perfectly defined; anyone can play them

These wrong notes are easy to avoid (read
Technical note 2).

Lung Sliding in the Ventilated
Patient.The Minimal Type. Critical
Notions Regarding the Mastery
of the Filters

Take our healthy volunteer out of the confined
room once the first demonstration is done, and
now intubate him, sedate him deeply, curarize
him, and apply a low tidal volume and a low fre-
quency. You create a quiet bradypnea. Then
analyze the upper BLUE-point (or more cepha-
lad), where the lung sliding amplitude is natu-
rally minimal.

In these pure conditions, Keye’s space is abso-
lutely homogeneous, without any sign of dys-
pnea, but lung sliding will appear very discrete
and quite abolished. Lung ultrasound is a stan-
dardized field. For facing this apparent issue, we
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have to describe the variants of minimal lung
sliding. First understand that the slightest filter,
in this setting, will completely obliterate a mini-
mal lung sliding.

The up-to-date, sophisticated machines are
rich in facilities which can deeply impair the
detection of minimal lung sliding. Some have
disastrous effects on this subtle dynamics (Video
10.3). All filters must be disactivated. Take major
care on this. Any filter attacking time is not com-
patible with critical ultrasound. The “instant
response” technology was available in 1978. In
most up-to-date machines, the computer works
on the image before restoring it, hence an irre-
versible mode which creates a time lag, a destruc-
tive mode which is not compatible with a
real-time discipline where every tenth of a sec-
ond makes the difference for understanding the
disease. Lung ultrasound requires natural images,
showing the dynamic and the artifacts.

The less the filters, the easiest is lung ultra-
sound. The persistence filter, average filter, tem-
poral averaging, dynamic noise filter, summation
filter, etc., make lung ultrasound more difficult.
Average filters give a soft image, nice to look at,
at the very detriment of the dynamic (Video
10.3). Repeat: these filters yield flattering images,
which mask the true content, like a makeup.
Precisely, we want to see the wrinkles.

Compound, harmonics seem to be a powerful
destructor of LUCI.

Now that this technical moment is over, we
describe variants more or less intricated that we
can also simplify in one sentence: “The slightest
phenomenon arising at the pleural line and
spreading below mean that the pleural line
includes not only the parietal but also the visceral
pleura.”

Some maneuvers can help. Sometimes,
decreasing the gain makes more visible a discrete
lung sliding. Sometimes, lung sliding is more
visible just near the ribs than at the middle of the
pleural line (the Meziere sign).

Very importantly, there is an interdepen-
dency between lung sliding and lung artifacts:
when Merlin’s space displays B-lines (not yet

End-expiration
pause

Expiration

Fig.10.6 The mangrove variant. Left, real time showing
a pleural line with A-lines (example here of ill-defined
A-lines). Right, M-mode showing a soft interruption of
the sand yielding a regular horizontal pattern at the
MM-space. This interruption is progressive (see Fig. 14.6
for comparison). This looks like aerial roots of mangrove
trees (bottom image, horizontalized). The message is:
don’t press the M button if not necessary

described, hence a didactic challenge), those
vertical artifacts move like pendulums, and
this greatly helps in detecting a minimal lung
sliding. When they are absent, replaced by
A-lines, the challenge is to recognize the mini-
mal lung sliding. A-lines and B-lines are a
function of the underlying disease (pulmonary
edema, COPD, etc.). Mainly, the mastery of
the filters and wise use of the M-mode will
demonstrate the extreme variants of minimal
lung sliding.
Let us describe three kinds.

Variant 1: The Mangrove Variant
(Fig. 10.6)

The respiration is not a permanent dynamic;
there are pauses. These physiological end-inspi-
ratory and end-expiratory pauses are enhanced
in sedated patients. These pauses generate a
brief interruption (therefore, usually not seen in
polypneic patients). On real time, the lung slid-
ing quietly stops. On M-mode, the sandy pattern
of lung sliding is transiently replaced by a regu-
lar horizontal pattern evoking a “stratosphere
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sign” (this makes a didactic challenge, since this
pattern, evoking pneumothorax, will be detailed
in the Chap. 14). This pattern, called mangrove
variant (Anecdotal note 3), may be confused by
young users with a lung point, i.e., a main sign
of pneumothorax (Chap. 14 again). We must
devote some lines for smashing this problem to
smithereens.

1. First, the mangrove variant is a progressive
phenomenon. Lung sliding is detected on real
time. It quietly comes, stops, goes, stops,
comes, etc. It does not suddenly disappear
(like the lung point in pneumothorax). If begin-
ning with the real time, there is no trouble. The
mangrove variant is built by the use of
M-mode. M-mode should not be used for con-
firming a lung sliding which has already been
detected using the real time. This is one per-
verse effect of an immoderate use of the
M-mode.

2. Second, the lung point should be sought for
only if pneumothorax is suspected, i.e., in the
case of anterior absence of lung sliding asso-
ciated with exclusive A-lines (described as
the A’-profile in Chap. 14). The mangrove
variant occurs at the entire lung surface,
including the anterior parasternal areas. In
other words, the only confusion should be, if
any, with a limited, parasternal, clinically
insignificant pneumothorax. The visualiza-
tion, more laterally and on the whole lung
surface, of the strictly identical pattern avoids
any confusion.

Variant 2: The Pseudo-A’-Profile

This label represents a daily reality seen on nor-
mal lungs (normal lung surface, better) in
deeply sedated patients. It designates an appar-
ently abolished lung sliding, which may, if
associated with A-lines, suggest pneumothorax
(Chap. 14). There is quite always one of these
subtle signs, subtle but standardizable. We
describe the lung pulse, the grain of sand vari-
ant, and the T-lines, which are roughly the same
entity with some subtleties.

Fig. 10.7 The lung pulse. In this case of complete and
recent atelectasis, lung sliding is abolished. Merlin’s
space displays O-lines (i.e., A-lines). Pneumothorax?
Impossible: vibrations in rhythm with the heart activity
are seen in real time, stopping at (or arising from) the
pleural line. They can be recorded in M-mode (g waves of
ECG). Patient probably on mechanical ventilation (quiet
Keye’s space in spite of this disorder)

The Lung Pulse

Take again our volunteer, still deeply sedated and
curarized. Give him a normal tidal volume, a nor-
mal frequency, let us analyze the left lower
BLUE-point, i.e., near the heart, all conditions
for improving the detection of a lung sliding.
There is a cardiac activity, but it is not visible as
far as it is masked by the lung activity. Now, sud-
denly disconnect the endotracheal tube. We can
observe an immediate abolition of lung sliding,
which allows the heart to express its beatings
through a motionless parenchymateous cushion.
This generates a kind of vibration arising from
(in actual fact, stopping at) the pleural line, in
rhythm with heartbeats, visible in real time,
recordable in M-mode: the lung pulse (Fig. 10.7,
Video 10.4).

The lung pulse can be discrete. It is some-
times absent, maybe (not always) when the heart
is too far (right lung) or if the heartbeats are too
weak. Maybe the lung pulse is a sign of good
cardiac function.

This variant of lung activity indicates a disease
(loss of lung compliance, including atelectasis) but
also an absence of disease (the visceral pleura is
well attached, i.e., there is no pneumothorax).

The lung pulse rules out pneumothorax. In
order to simplify medicine, we can avoid the
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Fig. 10.8 An extreme variant of T-lines. An example of
pseudo-A’-profile with the T-line. To the left, a short
A-line. To the right, this very subtle lung activity, material-
ized by these T-lines (each looks like a “T”), stopping
exactly at the pleural line. No pneumothorax here again.
Just one arrow is inserted at the foot of the first T-line, for
not spoiling this subtle image. Four T-lines are identified in
the MM-space. This old patient had a large emphysema-
tous bulla and respiratory discomfort, but the pneumotho-
rax could be ruled out. Some antibiotics and physiotherapy
solved the problem. Minor note, T-lines have nothing to do
with B-lines (the T-line is an M-mode concept, the B-line
a real-time image)

reading of long articles positioning the “lung
pulse” at the end of long decision trees (lung slid-
ing absent, then B-lines absent, then lung point
absent, then lung pulse present=no pneumotho-
rax). Please just consider that we can simply
write: “lung sliding, or any equivalent such as the
lung pulse” at the begin of the decision tree.

The impaired lung expansion is seen mainly in
complete atelectasis (including one lung intuba-
tion, foreign body aspiration, lung exclusion in
thoracic surgery, etc.), acute pleural symphysis
(often seen in ARDS), chronic conditions (pleu-
ral sequelae), simple apnea, and expiratory pause,
a.m.o. The lung pulse as a sign of atelectasis is
detailed in the corresponding section in Chap. 35.

The Grain of Sand Variant

When lung sliding is extremely discrete, the sea-
shore sign can be restricted to the visualization of
some sand (we made previous comparisons with
a termitarium). In these cases, detecting even a
few grains of sand, provided they stop exactly at
the pleural line, is enough for considering that the
lung is at the chest wall.

Fig. 10.9 A variant of lung sliding. This variant may be
labeled the “bandoneon sign.” The meaning is unchanged:
no pneumothorax. Note to the left (real-time) a beautiful
Z-line (see Chap. 11)

TheT-Line

This is an extreme variant, shaping more or less
the letter “T,” starting exactly from the pleural
line (Fig. 10.8). See also Fig. 8.3. Following the
rule expressed above, the slightest T-line rules
out pneumothorax. There are probably several
ways for the T-lines to be displayed (Fig. 10.9).

Lung Sliding Abolished with

One or Two B-Lines

These B-lines (see Chap. 11) are usually sufficient
for demonstrating the presence of the visceral
pleura against the parietal pleura. Note: with not
one, not two, but three B-lines (or more), the pat-
tern would be the “B’-profile”; see Chap. 13.

Variant 3: The A’-Profile

This profile, which is also the first main sign of
pneumothorax, fully described in Chap. 14, com-
bines complete abolition of lung sliding, com-
plete absence of equivalents (lung pulse, T-line,
etc.), and exclusive A-lines (which implies com-
plete absence of B-line; see next chapters). Since
medicine is medicine, in some cases, patients
without pneumothorax can exhibit a genuine
A’-profile (Video 10.5). We can explain it by con-
sidering an absence of lung expansion for any
reason (see above) associated with complete
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Altered A'-profile Can One Quantify Lung Sliding?
compliance Pseudo A™orofil
sSeuao A-protile . . .
P No pneumothorax Absolutely, this is specified in Chap. 28.
Lung sliding Here and briefly, at the lower BLUE-point, a

Fig.10.10 Double dichotomy. The double dichotomy of
lung sliding. Present or quite abolished, it rules out pneu-
mothorax. Quite abolished or abolished, it indicates a
major impairment of lung compliance

absence of interstitial syndrome or lung fissure
and without any perception of heartbeats. One
message: the A’-profile is not sufficient for the
diagnosis of pneumothorax (See Table 14.1).

Lung Sliding: Three Degrees, but
a Dichotomous Sign Anyway

Some users complain that the familiar dichotomy
which defines lung ultrasound is not respected here.
It is. There are simply two levels of dichotomy

(Fig. 10.10).

1. When the question is “pneumothorax,” the
completely abolished lung sliding is opposed
to all other variants (normal lung sliding and
all kinds of minimal lung sliding), which
clearly rule out pneumothorax. Very discrete
or abolished lung sliding makes a big clinical
distinction.

2. When the question is “impaired lung compli-
ance,” an abolished or very discrete lung sliding
is pathologic, as opposed to ample lung sliding.
Very discrete or abolished lung sliding make no
clinical difference. Lung sliding is decreased in
several processes in the critically ill, mainly
ARDS (See Table 14.1).

normal lung sliding covers the distance of the
pleural line, i.e., roughly, 2 cm.

One word on the B-lines (next chapters).
When they are present, using our probe and its
sectorial image, they move like pendulums. This
phenomenon amplifies the dynamics of lung slid-
ing. This is one of the countless advantages of
our microconvex probe.

At an advanced level, the user will identify
“ample lung sliding,” “weak lung sliding,” and
“absent lung sliding” — as easily as distinguishing an
awake person, a sleeping person, and a corpse. The
real A’-profile looks like a deadly standstillness.

How About Our Healthy Volunteer?

We have to thank him and apologize for the hard
manipulations we made on him. After that, if you
have difficulties to find a next enthusiastic one will-
ing to undergo the same delights, don’t worry: just
ask any new volunteer to breathe deeper and deeper,
up to recruiting accessory muscles (deep breathe
through one nostril), then very slowly, then halt
breathing. You reproduce all these patterns at will —
and this should be done in all these workshops.
Some academicians are sorry that the attendees of
courses can feel a little frustrated not to see a lot of
diseases there (“n’ont pas leur biscuit,” according to
the French words). Healthy models can express a lot
of LUCI. See Chap. 38 on training.
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Technical Notes
1. Dyspnea and lung sliding
We created here a dyspnea on healthy
lungs, for simplifying. Apart from pneumo-
thorax, various diseases impair lung sliding
(this is detailed through the textbook).
2. Suboptimal control of the gain
If an operator for no reason increases the
gain too much and looks at the M-mode before
the real time (double mistake), the far field will
be polluted by a background noise, looking
from very far like a seashore sign. This pattern,
called the Peyrouset phenomenon (our fellow,
who witnessed it), is not a serious pitfall:
a. The sand of the Peyrouset phenomenon is
not punctiform like the seashore sign but
rather micropunctiform.

V. @+ 4FREQ

Fig.10.11 The Peyrouset phenomenon, a side effect
of excessive gain. The left image indicates the air of
the ICU room — the probe is still on its stand. What is
visible here is an air acoustic barrier. These roughly
horizontal artifacts, called H-lines, are described in
Chap. 40. To the right, on M-mode, the gain was (for
no reason) too much increased, and a noise appears.
We can see two major differences with the seashore
sign. (1) The “sand” is microscopic (compare with

b. This sand progressively fades, whereas the
sandy pattern of the seashore sign stops at
the very location of the pleural line.

c. The M-mode should not have a diagnostic
interest except specific situations (objec-
tifying minimal or maximal lung sliding).
It should usually be used only for keeping
a document showing on paper what was
actually seen on real time. Lung sliding is
detected using real time. In no case will the
Peyrouset phenomenon give the illusion of
a lung sliding in a patient with a pneumo-
thorax if one cares among others in focus-
ing on the real-time image.

Figure 10.11 gives clues that allow
easy distinction from a genuine seashore
sign.

Seashore
pattern

-

HITACHI
SHEXNT

standard seashore sign, in the white cartouche). (2)
The sand density increases toward the bottom of the
screen, progressively, without sudden change (whereas
the seashore sign has a millimetric limit, precisely at
the pleural line). To see displayed the (ill-defined) top
of this parasite noise at the very level of the pleural
line would really be bad luck. Don’t press the M but-
ton if not necessary
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Anecdotal Notes
1. Euphonic note on lung sliding
Lung sliding, sliding lung, is easy to

pronounce (and if we may allow, rather
elegant). “Pleural sliding” and “pleural
gliding” are more difficult (even for
native English speakers) and longer, for
no advantage. The “gliding sign,” the
worst, confuses with the pericardium,
peritoneum, eyeball, and any muscle,
all “gliding” structures. As to “seashore
sign,” the term “beach” sign, sometimes
heard, is maybe a little short for such a
precious application, with in addition
the risk of ill-defined spelling generat-
ing more trite words.

2. Note about ventricular tachycardia

The diagnosis is based on ECG on

fleeting visualizations of fusion or cap-
ture complexes, quite exactly the same
logic.

3. The mangrove variant
The mangrove sign was conceived dur-
ing a CEUREF training program in a Pacific
area full of mangrove (Neo Caledonia,
2004). The stretched aerial roots of these
mangrove trees were reminder of the sand
of the mangrove variant.
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Interstitial Syndrome
and the BLUE-Protocol: The B-Line

Nothing is banal with lung ultrasound in
the critically ill. It requires the simplest
machines, one ideal probe also suitable for
the whole body, and only two signs for
mastering the normal pattern of this organ
which is the most voluminous and the most
vital one. This is the paradox of lung ultra-
sound, again.

Interstitial syndrome does not escape this
rule. If lung ultrasound is a raison d’étre of
critical ultrasound, the potential of interstitial
syndrome is a raison d’étre of lung ultra-
sound. Based on the artifacts’ analysis, it
changes the approach to the critically ill. The
mastery of interstitial syndrome will be used
in no less than 15 disciplines (Chap. 33).

One may wonder whether lung ultrasound is
feasible and above all how infra-millimetric
structures lost in all this gas could be detected.
The artifacts are usually considered as undesir-
able [1, 2]. The potential of the diagnosis of inter-
stitial syndrome, heralded since 1994 [3], more
specified in 1997 [4], may surprise novice read-
ers. One must very schematically see first ~ow to

Electronic supplementary material The online ver-
sion of this chapter (doi:10.1007/978-3-319-15371-1_11)
contains supplementary material, which is available to
authorized users.
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detect it using ultrasound, then why to detect it.
This chapter will simply describe the elementary
note of this entity.

Our 5 MHz microconvex probe is perfect for
this part of lung investigation.

A Preliminary Definition:
What Should Be Understood
by “Interstitial Syndrome”?

The radiologists often question the notion of
ultrasound diagnosis of interstitial syndrome
since this term involves many conditions and
they are accustomed to high-resolution
CT. Those who have heard about lung rockets
argue that this sign is not specific, but they mean
for distinguishing, for example, histiocytosis X
from sarcoidosis. This is the typical misconcep-
tion which can occur in medicine when a tool is
not in the right hands. In the critically ill, the
interstitial syndrome is limited to acute phe-
nearly always pulmonary edema,
either hemodynamic or permeability induced.
Hemodynamic pulmonary edema includes fluid
overload and cardiogenic pulmonary edema.
Permeability-induced edema includes ARDS
and any inflammatory syndromes surrounding
infectious processes (bacterial, viral, etc.). Even
in the rare cases of chronic interstitial syndrome
seen in acute settings, the intensivist has tools
for this diagnosis; see Chap. 35.

nomena:

D.A. Lichtenstein, Lung Ultrasound in the Critically Ill: The BLUE Protocol, 79
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The Usual Tools for Diagnosing
Interstitial Syndrome

Before assessing the utility of interstitial syn-
drome, we must consider that this diagnosis is
not accessible in acute situations using usual
tools.

The auscultation? Two centuries old [5], it
does not provide any sign of interstitial syndrome
to our knowledge.

The bedside radiography? More than one cen-
tury old [6], it rarely demonstrates interstitial
changes in critical settings. It shows rough
alveolar-interstitial patterns, but rarely the Kerley
lines. Even in a good-quality radiograph taken in
an ambulatory patient, this diagnosis is fragile:
an imaging specialist can make different interpre-
tations from one day to another [7].

CT? It has been available since the 1980s [8].
It can maybe describe interstitial patterns, but
referring critically ill patients to this heavy tech-
nique for this diagnosis alone would be really
questionable. What more is experience showed
us that standard CT inconstantly demonstrates
subtle interstitial changes.

Therefore, maybe for a lack of easy-to-access
diagnosis, the intensivist has invested little for
knowing whether this patient has, or not, intersti-
tial syndrome: he or she never integrated this dis-
order in the medical thought process and got
accustomed to do without, not aware of what
could be done with, it.

Elementary Sign of Interstitial
Syndrome, the B-Line

The B-line was coined using alphabetic order. It
was even elegantly called “BLUE-line” by a col-
league in Bangalore (Dr. Gana without mistake),
which may result in a new term with the advan-
tage of decreasing the effort of memory (BLUE
speaks more than B — the very principle of SLAM
(Anecdotal Note 1)).

The “BLUE-line” or, say for the moment, the
B-line is a hydro-aeric artifact, indicating a min-
gling of fluid and air and whose definition has

POST-P: 1

110emm 2. .SH
0OSIRIS

HITACHI

Fig.11.1 An elementary B-line. We identify the ribs, the
pleural line. From the pleural line arises a strong forma-
tion, having all criteria of the B-line (but the dynamic one,
not displayed in this static view): comet-tail artifact, aris-
ing from the pleural line, well-defined, long, erasing
A-lines, hyperechoic

been updated from article to article (Anecdotal
Note 2). The most recent definition is given in
this book (this was one reason among others to
build this new edition, paradoxically faster than
trying to submit 1000 manuscripts).

The B-line is an artifact having seven charac-
teristic features (Fig. 11.1). Three are constant
and four almost constant.

Constant features:

1. This is a comet-tail artifact, always.

2. It arises from the pleural line, always.

3. It moves with lung sliding, always.
Almost constant features (93-97 %):

4. Almost always, it is well defined, laser-like.

5. Almost always, it is long, spreading out

without fading to the edge of the screen.

6. Almost always, it obliterates the A-lines.

7. Almost always, it is hyperechoic.

This updated, standardized, comprehensive
definition allows immediate distinction with any
other artifact that can be seen in the human being,
mainly E-lines and Z-lines (see below). The risk
of confusion is decreased by a factor 10 (even
more) for each added criterium (read Anecdotal
Note 3). Here is how to understand this concept.
A comet-tail artifact that arises from the pleural
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line can be a B-line or many others. If lung slid-
ing is absent, the 3rd criterium does not work; the
probability is, say, 90 % at worst. Now adding the
well-defined criterium, it climbs up to 99 %; add-
ing the long criterium, to 99.9 %; adding the
dominant criterium, to 99.99 %; and adding the
echoic criterium, to 99.999 %. In medicine, this
precision appears as clinically sufficient.

The Seven Detailed Criteria
of the B-Lines

1. The B-line is a comet-tail artifact. This sign is
constant.

But it is not the comet-tail artifact. The
label “comet-tail artifact” was suggested long
ago for describing shotgun pellets within a
liver [9]. The point is that no study gave arti-
facts a precise meaning at the lung area. This
generated confusion in the literature (some
high-level experts still speak of “comet-tail”
for designating the precious B-line). Some
energy was necessary for making accepted the
correct nomenclature. One may define the
comet-tail artifact definitely as an artifact,
definitely vertical (by definition), definitely
echoic. The B-lines is a certain type of comet
tail. When explaining the generation of the
B-line, we will see that its “verticality” is a
relative notion which may be debated; read
below. Let us accept at this present step that
the B-line is vertical.

2. It arises from the pleural line. This sign is
constant.

The longitudinal scans have only advan-
tages, including the one to permanently show
the lung surface (using the bat sign).
Disrespecting this rule will make the user
abused by comet-tail artifacts arising above
the pleural line.

3. It moves with lung sliding. This sign is
constant.

It moves with lung sliding, provided there
is a lung sliding. When lung sliding is abol-
ished, the B-line appears standstill. Using the
sectorial property of our probe and its long

distance (17 cm), we can demonstrate the abo-
lition of lung sliding by observing the lower
end of the B-line, which does not move or
quite not (its dynamic is amplified at this level
(multiplied by 3 at a depth of 17 cm)).

The four other signs are almost constant.

. It is well defined.

This makes the B-line immediately
detected by beginners. B-lines are narrow
(roughly, no more than one-tenth of the width
of the pleural line).

Rarely (less than 5 %), B-lines can be
slightly ill defined.

Rarely, the B-line can be large; this is the
“squirrel variant” (see Fig. 12.3).

Modern machines with too sophisticated
facilities result in blurring the B-lines.

. Itislong.

The B-line does not fade. Using our sys-
tem, which provides a 17-cm depth, the B-line
spreads up to this limit.

In some occasions, B-lines can appear a
little shorter, some 13-15 cm (i.e., anyway
long). This distinguishes these lines from
usual Z-lines. Slight probe angulations will
make them reaching the edge of the screen if
needed.

. It erases the A-lines.

This is of prime importance. The B-line
dominates (obliterates) the A-line, so to speak.

In rare instances, A-lines and B-lines are
visible crossing (see Fig. 40.3). This pattern
was coined X-lines (indicating the crossing of
perpendicular lines). We still investigate this
pattern, assuming that it may possibly indicate
a mild degree of septal thickening.

7. It is hyperechoic.

The B-line is as echoic as the pleural line.
On occasion, it can be slightly less echoic.

Physiopathologic Meaning
of the B-Lines

Defining the B-line independently from lung
rockets is a didactic challenge. Our way of cast-
ing the lines, published in [4], can be done more
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academically from this point of view. Here, we
try to isolate the very B-line.

The B-line indicates an anatomical element
with a major acoustic impedance gradient with
its surroundings [9], as are air and water. Air is an
absolute barrier; fluids are facilitators for the
ultrasound flow. Something must happen, a kind
of uncontrolled explosion, when these two ele-
ments are too close from each other.

The fluid element should be small enough for
not being directly detected by the ultrasound
beam. The resolution of ultrasound is roughly
1 mm.

The edematous or thickened subpleural
interlobular septum surrounded by aerated
alveoli reproduces this situation. Fluids are
present at such a small amount that they cannot
be directly visualized using ultrasound (they
are roughly 600 pm, for less than 300 for nor-
mal subpleural interlobular septa). These fluids
are surrounded by air. This mingling seems the
condition required to generate the ultrasound
B-lines.

Since the B-line is present at the lung surface,
all over the lung surface, is present (massively) in
hemodynamic pulmonary edema, vanishes under
therapy of pulmonary edema [10], and is seen
also in any chronic interstitial syndrome, it can be
assumed at first view that no element apart from
the thickened subpleural interlobular septa (thick-
ened by fluid, transudate or exudate, or by tissue
disease) answers to so many criteria. The B-lines
indicate diseased interlobular septa.

We spoke of didactic challenge because there
is in fact one other structure having quite all these
elements: the lung fissure (Fig. 11.2). These are
fluid elements (cells) surrounded by gas, and we
see quite always, in healthy subjects, an anterior
B-line at a location expected to be the minor fis-
sura. Since medicine is also done by unavoidable
rarities (“always” and “never” are not medical
words), we could see on exceptional occasion
another disorder able to generate a minute fluid
disorder surrounded by gas, described at Fig.
12.7. In massive pulmonary emphysema, the
destroyed structures maybe no longer deserve the

Fig.11.2 Normal CT. This CT scan shows some fissures
(arrows), generating fine structures abutting the pleural
surface. Such structures are assumed to generate B-lines

name of interlobular septa. They should however
generate isolated B-lines. If readers have ideas of
other structures with the same features, we should
be glad to hear of them.

Now, one point indicates that B-lines are the
equivalent of diseased interlobular septa, when
we consider that in diffuse interstitial syndromes
(e.g., pulmonary edema), the B-lines are roughly
6 or 7 mm apart: this is the anatomical distance
between two subpleural interlobular septa.

As a last proof, several B-lines are present at
the last intercostal space in about one-quarter of
normal subjects, such as the physiological Kerley
lines (as proven in Chap. 12).

All these criteria precisely describe the sub-
pleural thickened interlobular septa surrounded
by air-filled subpleural alveoli. CT analysis
showed that normal visible dense structures cease
to be visible a few centimeters before the lung
surface, whereas thickened interlobular septa
reach the visceral pleura.

How Do We Explain the Generation
of the B-Line? Is It Really “Vertical,”
Not a Bit Horizontal?

In every concept, one can see something or its
opposite. This makes lawyers such a wealthy
profession (Fig. 11.3). By carefully looking at a
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Fig. 11.3 J-lines. Lung ultrasound will have a future if
we speak the same language and see the same things. The
left image may appear scary at first view, but is rather
peaceful if looking twice (or using a lens). The right
image shows a typical B-line. It is in actual fact made of
multiple horizontal lines, called the J-lines (arrows). We

B-line, this famous basic, vertical artifact, one
can see that it is in actual fact horizontal. A
high-level expert questioned our way to specify
that the B-line is horizontal. The description of
the J-line allows to understand how the B-line is
generated. The ultrasound flow crosses the soft
tissues, then reaches the lung surface. It should
be normally fully rejected, but the microscopic
fluid element located in the edematous subpleu-
ral interlobular septum allows the flow to pene-
trate the lung. Then, for a reason we still do not
explain, the flow appears as trapped. The foot of
the subpleural interlobular septum acts like a
booby trap (a booby trap for ultrasound beam),
trapped inside this structure and rejected
between it and the visceral pleura. The beam
tries to come back to the probe head but is
trapped inside this structure and comes back
toward the deep lung. This generates a pseudo-
distance, i.e., a small, horizontal line. This min-
ute line has been called J-line, a tribute to Julie,

counted roughly 50 J-lines, but the real number is infinite
by definition. They are superposed every 1.6 mm (data
was calculated by dividing the length of the B-line (here
8 cm) by the number of J-lines). The upper J-line is
roughly 3 mm large, the lower 13 mm large

a student who candidly saw first these B-lines as
horizontal components. A to-and-fro dynamics
is generated, in a kind of persistent phenome-
non. We imagine that if a slow motion was
made, it would show the generation of these
multiple lines, superposed one after the other
like a machine gun (or a ping-pong ball blocked
between the racket and the table), spreading at
the speed of 1,540 m/s to the bottom of the
screen. The human eye instantaneously per-
ceives this whacky dynamics as one, unique,
and vertical structure.

We are sorry for this expert; the B-lines have a
horizontal basis.

The J-line of Fig. 11.3 is roughly 2-3 mm
wide at the beginning and roughly 1.5 mm sepa-
rated from each other. One can count roughly
50 J-lines (this number depends on the chosen
depth, since the B-line is unfailing).

For standardizing lung ultrasound and
playing the same “music,” it is critical
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that each physician has the same vision of
the signs. The concept of the J-line avoids
misconceptions.

Accuracy of the B-Line?

This way to speak makes little sense. The next
chapter on lung rockets will answer this question
with more pertinence for the diagnosis of
interstitial syndrome (between 93 and 100 % in
function of the gold standard); the chapter on
pneumothorax shows how one single B-line usu-
ally rules out pneumothorax.

Comet-Tail Artifacts That May Mimic
the B-Lines

Many comet-tail artifacts can on occasion be
encountered. For saving energy, the reader can
omit the reading of this section, provided the
seven signs of the B-line are mastered.

The Z-Line

This frequent artifact should in no case be con-
fused with a B-line. This is a comet-tail arti-
fact, and it arises from the pleural line. The five
last criteria are diametrically opposed to the
B-line, making immediate distinction. It is ill
defined. It is not hyperechoic. It is short, rap-
idly vanishing after 3—4 cm, usually. It does
not erase the A-lines. Last, it is standstill, not
synchronized with lung sliding (Fig. 11.4 and
Video 11.1). This artifact has been called the
Z-line, the last letter of the alphabet symboliz-
ing the place it should take, since it seems for
once to be a genuine parasite. Note that excep-
tional Z-lines can be long, and we called them
perfid Z-lines. This label was witnessed by
Gabriela in Milano (name not included in the
absence of contact for authorization).

The E-Line

This artifact, again a comet tail, is well defined
and spreads up to the edge of the screen without
fading. However, it does not arise from the pleu-
ral line but from superficial layers and results in
erasing the pleural line. The bat sign is no longer
visible. This artifact has been called the E-line, E
for emphysema (see Fig. 14.8). We will see that
parietal emphysema (or rarely parietal shotgun
pellets) can generate this artifact, which should
never mislead the operator.

The A-Line

This is not a provocative heading. No A-line
should ever mimic a B-line. Just some variants of
narrow A-lines with numbers of sub-A-lines and
sub-sub-A-lines may fool very ignorant users.
The A-line is precisely one of the elements of
distinction (see Fig. 40.4). For scientific minds

Fig. 11.4 Z-lines. This figure has relevance, since some
colleagues still confuse B-lines with these parasite
images. Three vertical comet-tail artifacts arising from the
pleural line can be described, in actual fact. But they are
ill-defined, fade after a few centimeters, do not erase the
A-lines (arrows), and are gray at their onset with respect
to the pleural line. These are Z-lines, typical parasites
with no known meaning and which should never be
confused with B-lines
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who would appreciate clues to avoid any confu-
sion, the A-lines have usually the width of the
pleural line, the B-lines roughly one-tenth this
width.

The I-, K-, M-, N-, R-,and S-Lines (See
Fig.40.3)

I-lines are a kind of B-lines but short (a few cm)
and have no known meaning.

K-lines (Klingon) are parasites invading the
whole screen, sometimes visible in our walls
(electrical interferences?).

The M-line is a coarse pitfall; this artifact arises
from the acoustic shadow of a rib.

N-lines are vertical artifacts that are black — i.e.,
far from hyperechoic. They were coined
N-lines (N for Noir, i.e., black in French, and
also for Neri, who witnessed this labeling).
N-lines are maybe normal subpleural inter-
lobular septa.

The R-lines, suggested by Roberta Capp, from
Boston, have most patterns of the B-lines, but
they arise from the pericardium-lung inter-
face — often visible during TEE.

S-lines are sinuous vertical artifacts generated by
large metallic structures (pacemakers).

The Sub-B-Lines

These artifacts have most patterns of the B-lines,
but they arise from the lung line, i.e., below the
pleural line, through a pleural effusion (see Fig.
16.3). Using the term ‘“‘sub-B-line” indicates
that the user has understood this subtlety. The
detected disorder is pleural effusion, more
severe than interstitial syndrome (especially on
dependent locations). The BLUE-protocol
favors the most severe disease. The “butterfly
syndrome” is how we called this frequent mis-
take, when young colleagues see this brilliant

line, where comet-tail artifacts arise, and which
moves, a kind of hypnotic effect, hence the label
(see Video 16.1).

Additional Features of the B-Lines

The Phenomenon of the Unstable
B-Lines

In some occasions, the operator can detect B-lines

at one moment, but cannot find them again some

minutes (or seconds) after or the opposite. Three
explanations are possible; the first two are
obvious:

1. Probe placed again not at the B-line but just
besides — a pitfall defused using the Carmen
maneuver.

2. Off-plane effect when the septum does not
strictly follow the ultrasound plane on respira-
tion, a variant called the Blinder variant (from
a French CEURFer)

3. One explanation has major interest; although
it may appear frustrating at first view to see
multiple B-lines, call your colleagues to see
that together, and not finding them again. This
property is detailed in Chap. 30 devoted on
hemodynamics and should happen when the
scanned patient has a pulmonary artery occlu-
sion pressure turning around the value of 18
mmHg. This refers to the 2nd of the three
critical pathophysiological notes to introduce
the FALLS-protocol (Chap. 30).

Normal Locations of B-Lines

This basic point must be seen after the descrip-
tion of the lung rockets, for didactic reasons
(Chap. 12). Briefly, isolated B-lines can be seen
at the minor fissura; isolated or numerous B-lines
(lung rockets) can be seen laterally, just above the
liver or spleen.
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Anecdotal Notes

1.

3.

The BLUE-line

The SLAM was created with the
simple idea that a letter does not speak
a lot. The more letters are added, the
more they speak. For instance, in the
current literature, L would not mean a
lot. LU for lung ultrasound is not really
used. LUS is a really inaesthetical
abbreviation. LUCI, for one added let-
ter, expresses a completely distinct field
(lung ultrasound, but devoted to the
critically ill) and, to our personal opin-
ion, sounds so more aesthetical.

. Updates

The B-line was first described in
1994 as a comet-tail artifact arising
from the pleural line, i.e., just two of
the actual seven criteria [3]. Three more
criteria were described in 1997: long,
hyperechoic, and well defined [4]. In
1999, we specified that it had to move
in concert with lung sliding [11]. In
2005, it was defined as obliterating the
A-lines [12]. In 2014, we classify the
seven criteria between three constant
and four quite constant [13].

B-lines and bad luck

A patient with an actual pneumonia,
who would happen to have none of the
criteria 3—7 of the B-line, with precisely
a confusing clinical presentation, would
be so unlucky that we would expect
him to have in addition, even with a
correct diagnosis, rare complications
(allergy to antibiotics, errors in doses,
etc.). This is an extension of the
Grotowski law.
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Lung Rockets: The Ultrasound Sign
of Interstitial Syndrome

It was first necessary to carefully define the
B-line. Now, we can do one more step — the
essential one: lung rockets. Several names were
given; here is the latest update (see Anecdotal
Note 1).

Our 5-MHz microconvex probe is ideal for
assessing lung rockets.

Lung Rockets, Preliminary
Definitions

Ultrasound interstitial syndrome is defined by the
visualization of three or more B-lines simultane-
ously visible between two ribs, in a longitudinal
scan (Fig. 12.1). Three or more B-lines were
coined lung rockets, since the pattern is reminis-
cent of a rocket at liftoff. Said differently, lung
rockets include eight features: they are comet-tail
artifacts, arising from the pleural line, moving
with lung sliding, usually long, usually well-
defined, usually erasing A-lines, usually hyper-
echoic, and multiple in one longitudinal scan.

By definition, lung rockets are plural. Less
than three B-lines are not consistent with intersti-
tial syndrome. The b-line (lower case): It is
defined by a single B-line between two ribs. It
cannot be assimilated to interstitial syndrome nor
any disease. Can be the sign of a minor fissura
(see Fig. 11.2).

Isolated lung rockets (i.e., visible at only one
focal area) define focalized interstitial syndrome,

12

of minor importance in the BLUE-protocol.
Lung rockets disseminated to the whole lung
define diffuse interstitial syndrome, i.e., a char-
acteristic of most disorders seen in the
emergency.

The Data of Our Princeps Study
and the Real Life

Our princeps study, assessing 121 cases of
patients with diffuse alveolar-interstitial syn-
drome on radiography, and comparing them
with 129 patients without any alveolar-intersti-
tial pattern, showed a sensitivity of 93 % and a
specificity of 93 % for the disseminated lung
rockets [1]. When CT was used as a reference,
the concordance was complete with interstitial
syndrome.

These data mean that no disorder can yield
lung rockets, if not interstitial syndrome. This
was published in 1997, and we wanted to see how
these data would age. With time, we never saw
diffuse lung rockets in the countless healthy
models we have insonated during workshops,
which shows that time passing, ultrasound sensi-
tivity would be 100 %. With time, a case of inter-
stitial syndrome without lung rockets will maybe
be described, but this will be an extreme rarity.
Extremely rare cases of lung rockets not related
to interstitial syndrome should now be described
(read Peculiar Note 1).

D.A. Lichtenstein, Lung Ultrasound in the Critically Ill: The BLUE Protocol, 87
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Pathophysiological Explanation
of Lung Rockets, Clinical Outcome

The average distance between two B-lines in the
septal variant is roughly 6-7 mm. This corre-
sponds to the average size of a lobule. The polye-
dric shape of these lobules explains that the
6-/7-mm distance is an average; it can be less,
depending on the section. Between two ribs in an
adult, 2 cm of pleural line is visible, i.e., space for
three or four subpleural interlobular septa, let us
keep in mind the minimal value of three.

The question whether one may miss deep
interstitial syndrome (without superficial exten-
sion) is solved by looking any CT: the subpleural
interlobular septal thickening is a representative
sample of deeper changes.

Fig. 12.1 Septal lung rockets. Patient with cardiogenic
pulmonary edema. Four B-lines are identified in this longi-
tudinal scan of the anterior chest wall. Reminiscent of a
rocket at liftoff, this pattern has been called lung rockets.
The B-lines are separated from each other by an average
distance of 7 mm; this is the septal variant of the lung rock-
ets, labeled septal rockets. Lung rockets indicate interstitial
syndrome. Anterior disseminated lung rockets in the criti-
cally ill usually mean pulmonary edema. They have a basic
place in the BLUE-protocol and FALLS-protocol

Fig. 12.2 From no B-line to countless B-lines, a contin-
uum. This figure shows, from left to right, an O-line then
an A-line, then a b-line then a bb-line. Then follow three

Characterization of the Lung
Rockets in Function

of Their Density:
Morphological Patterns

There is a subtle gradation of the number of
B-lines, with a dichotomy inside (Fig. 12.2).
All data must be understood “between two ribs
in longitudinal scans.” To the left, all patterns
which are not lung rockets are first the O-line
(a variant of A-line), then the A-lines, then the
isolated B-line, dubbed b-line (lower case),
then two B-lines between two ribs, and dubbed
bb-lines (lower case). To the right, there are
three B-lines or more, i.e., lung rockets, i.e.,
interstitial syndrome. The label B-lines does
not infer a specific number. Some B-lines can
be large with a fusiform pattern; this does not
mean, without mistake, a severe form of edema
(Fig. 12.3).

Fig.12.3 Squirrel variant. These are typical (septal) lung
rockets, with here two fusiform B-lines, at the center,
reminiscent of a squirrel tail, the squirrel variant (unknown
meaning, but no apparent link with the severity of the
interstitial syndrome without mistake)

types of lung rockets: septal rockets, ground-glass rock-
ets, then the Birolleau variant (countless B-lines)
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No Lung Rockets

O-lines mean A-lines.

One B-line means probably, when seen between
the anterior BLUE-points, a minor fissura (see Fig.
11.2). For disseminated b-lines, an uncommon
finding, we have not enough cases to conclude.

Two B-lines (labeled bb-lines) have no solid
meaning yet. It is not enough for being assimi-
lated to interstitial syndrome. This infrequent
finding has still no pathological correlation.

Lung Rockets

Septal Rockets

This label specifies that B-lines are 6-/7-mm apart,
i.e., space for three or four B-lines between two
ribs. This is the anatomic distance between two
subpleural interlobular septa in adults (Fig. 12.1).
Septal rockets indicate thickened subpleural inter-
lobular septa (probably a mild stage of edema).
They appear as an ultrasound equivalent of the
familiar Kerley B-lines [2] (Fig. 12.4).

Ground-Glass Rockets

This label indicates one more degree of sever-
ity. The B-lines are twice as numerous as septal
rockets, i.e., separated by 3 mm from each other,

rp

Fig.12.4 CT correlating with septal rockets. CT scan of
massive alveolar-interstitial syndrome. Thickened inter-
lobular septa are visible touching the anterior surface
(arrows). In a normal subject, no dense structure (apart
from fissurae, see Fig. 11.2) is visible abutting the surface.
This is the CT appearance of the Kerley lines

i.e., space for 68 B-lines (Fig. 12.5). Ground-
glass rockets indicate ground-glass areas on
CT, a high-degree interstitial syndrome.

The Birolleau Variant

This is an extreme variant of ground-glass rock-
ets. B-lines are so contiguous that no anechoic
space is managed between the two, and the
Merlin’s space appears homogeneous and hyper-
echoic (Fig. 12.6). We suppose it corresponds to
extremely severe edema. The correspondent dis-
order on CT is again a ground-glass lesion. This
variant cannot be confused with an O-line (see
Fig. 9.2), which also yields homogeneous
Merlin’s space: O-lines make a dark space, and
the Birolleau variant makes a white space (the
Storti’s distinction).

The Clinical Relevance of the Lung
Rockets in the Critically Ill, Some
lllustrations

We have learned how to recognize the B-lines,
lung rockets, their physiopathological basis.
Now, the reader may ask: So what? Which change
in my daily practice? A practical use of intersti-
tial syndrome is not routine in our art; we have
now to explain how it changes multiple thought
processes.

Ultrasound Diagnosis of an Acute
Respiratory Failure

This textbook is mainly devoted to the role of
lung rockets in diagnosing hemodynamic pulmo-
nary edema, exacerbation of COPD, acute
asthma, pulmonary embolism, pneumonia,
according to the presence or absence of B-lines,
and the diffuse or unilateral distribution [3].

Diagnosis of Hemodynamic
Pulmonary Edema

This is the main practical use of lung rockets,
long heralded [4, 5].
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Fig. 12.5 Here, 6 or 7 comet-tail artifacts are visible.
The distance between each B-line is roughly 3 mm. These
lung rockets called ground-glass rockets correlate with
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Fig. 12.6 Extreme case of pulmonary edema. The
B-lines are so contiguous that they shape a homogeneous
hyperechoic Merlin’s space (Birolleau variant). The
underlying CT pattern is a ground-glass disorder. The
pleural line can be used as a reference tone. A lung con-
solidation would yield a less echoic pattern. An O-line
would yield an anechoic Merlin’s space. Here, in the
Birolleau variant, the Merlin’s space is as echoic as the
pleural line (the Storti’s distinction). This demonstrates
that in this zebra, the native, natural tone is dark

Diagnosis of Asthma (and Differential
Diagnosis from Cardiac Asthma)

Asthma involves bronchial disease. The bron-
chial tree is not accessible to ultrasound, and the
main sign is indirect: absence of lung rockets in a

i

CT ground-glass areas (arrows), i.e. severe stage of inter-
stitial edema Arrowheads: thickened interlobular septa
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dyspneic patient. Disseminated lung rockets are
observed in no case of bronchial asthma and are
the main pattern in cardiac asthma.

Diagnosis of Exacerbation of Chronic
Obstructive Pulmonary Disease

Among patients seen by the intensivist (i.e.,
severe cases), diffuse lung rockets were observed
in 8 % of cases of patients with exacerbation of
COPD versus 100 % of patients with acute hemo-
dynamic pulmonary edema [5]. In this situation,
lung ultrasound offers a highly dichotomic test,
with little place for intermediate situations (mild
cases may raise different problems).

Diagnosis of Pneumothorax

The recognition of B-lines (even one B-line)
immediately rules out complete pneumothorax
[6]. This item is particularly relevant when lung
sliding is absent, a common finding in ARDS.

Diagnosis of Pulmonary Embolism

The visualization of anterolateral lung rockets is
uncommon [7].
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Differential Diagnosis
Between Hemodynamic
and Permeability-Induced
Pulmonary Edema in
Patients with White
Radiological Lungs

Asymmetric lung rockets (A-/B-profile), standstill
lung rockets (B’-profile), association with minute
anterior alveolar changes (C-profile), and absence
of anterior lung rockets (A-no-V-PLAPS-profile)
favor the diagnosis of permeability-induced pul-
monary edema.

Managing Acute Circulatory Failure
by Controlling Fluid Therapy Using
Qualitative Estimation of Pulmonary
Artery Occlusion Pressure

The application is detailed extensively in Chap.
30 on the FALLS-protocol. The absence of lung
rockets basically indicates low PAOP. This gives,
in a few seconds, clearance for initiating fluid
therapy. Lung rockets appear when the PAOP
comes above 18 mmHg [8].

Evaluation of Lung Expansion

The movement of the B-lines can be analyzed
and measured. This can give an accurate index of
the lung expansion, with clinical implications.
The normal lung excursion is 20 mm at the bases
in ventilated patients. It can be completely abol-
ished in case of lung stiffness.

Assessing Diaphragmatic Function

A sectorial probe gives a pendular look of the
B-lines, their distal (bottom) part moving more
than their native part at the pleural line. This
amplifies their movement. Using basic mathe-
matical rules, this allows indirect assessment of
the diaphragmatic dynamic.

Managing ARDS

This is dealt with in Chap. 28.

Diagnosis of Nonaerated Lung

The detection of lung rockets in a posterior
approach of a supine patient is equivalent to rul-
ing out lung consolidation, since 90 % of cases of
consolidation reach the posterior pleura [9]. In
these cases, the posterior aspect of the lung is
interstitial, but not alveolar. Posterior lung rock-
ets are quasi-physiological in chronically supine
patients. Following this logic, if lung consolida-
tion is detected in a dependent area, pleural effu-
sion can be ruled out as well.

Airway Management

It is easy to demonstrate abolished lung sliding
when B-lines are motionless (see above, lung
expansion), making immediate diagnosis of correct
intubation or the possibility of one lung intubation.

Weaning Ventilated Patients

It is probably not a good idea to wean a patient
with massive lung rockets, meaning interstitial
changes still present. Conversely, a pulmonary
edema occuring during weaning can be detected
(study in progress).

Managing Hyponatremia

The diagnosis of hyponatremia makes the dis-
tinction between the lucky doctors who master
its physiopathologic mechanism and the oth-
ers. For them (the others), we use the principle
N°1 of lung ultrasound: simplicity. Depletion
hyponatremia should yield low volemia and
ultrasound A-lines. Dilution hyponatremia
should increase the fluid volume and induce
lung rockets, even before clinical respiratory
signs.
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Applications Outside Critical Settings

They are countless and regard more than 15 disci-
plines, such as anesthesiology, pediatrics, cardi-
ology, emergency department, internal medicine,
nephrology, neurology, thoracic surgery, obstet-
rics, pulmonology, radiology, functional explora-
tions, ultrasound, and veterinary medicine, to cite
only those. Just one example? The early diagno-
sis of chronic interstitial disease.

Normal Locations of B-Lines
and Lung Rockets

One point should not confuse the reader: B-lines,

even lung rockets, can be physiological. Probably

each of us has one or some locations. These loca-
tions are, however, standardized:

1. One anterior B-line: it is usually seen around
the lower BLUE-point and is possibly the
expression of the minor fissura, which repro-
duces a minute fluid pattern trapped between
two gas areas, i.e., the condition for generat-
ing the B-line.

2. Lateral B-lines or even lung rockets, at the last
(or two last) intercostal space(s) above the
abdomen: this is here the physiological inter-
stitial syndrome long assessed by B. Felson in
1,000 healthy young men undergoing standard
radiograph for the military duties [10]. Felson
found 18 % of localized B-lines (we mean,
Kerley B-lines) laterally just above the liver or
spleen. Ultrasound obviously detects the same
pattern. Its 27 % rate just indicates the slight
superiority of ultrasound compared with radi-
ography in detecting these very fine elements.

3. Posterior lung rockets. They are quite com-
mon in supine, ventilated patients. We guess
someone sleeping all night long on the back
without moving (after a good party, for
instance) may have posterior lung rockets
upon waking up. In supine patients, it possibly
indicates that the lung water accumulates in
the dependent areas. Analysis of CTs without
lung disorders often shows these dependent
changes. On the other hand, the absence of
posterior lung rockets in a chronically supine
patient may suggest substantial hypovolemia.

In normal subjects, the variant of ground-glass
rockets has never yet been found.

Pathological Focalized Lung
Rockets

Focalized interstitial syndrome can be the sign of
a focal pneumonia, usually, or, rarely, focal inter-
stitial scars (e.g., after breast radiotherapy).

Lateral lung rockets including more than two
intercostal spaces above the diaphragm are not
normal. The label used is “extensive lateral rock-
ets.” This is usually a redundant finding since
anterior scanning usually shows anterior lung
rockets and posterior scanning usually shows
alveolar and/or pleural syndrome (PLAPS).
Extensive lateral lung rockets without anterior
lung rockets are rare and usually due to pneumo-
nia in our experience. This may be also the sign
of mild hemodynamic pulmonary edema, to be
confirmed (it should more likely be a preclinical
stage).

A Small Story of Lung Rockets
to Conclude: Notes About Our
Princeps Papers

We profit of this new edition for updating points
of our work.

A preliminary note was published in 1994 [4],
and then the serious work was done in the inter-
national literature. The title was “The comet-tail
artifact, an ultrasound sign of alveolar-interstitial
syndrome” [1].

The first part of the title is incorrect. Many
comet-tail artifacts are not B-lines, particularly
the Z-lines. This distinction was well specified
through all our subsequent papers.

The second part of the title is incorrect. The
B-lines are not a sign of alveolar-interstitial syn-
drome. They are correlated maybe with radiologi-
cal alveolar-interstitial syndrome, but they clearly
indicate the interstitial component, which is com-
pletely distinct from alveolar consolidation (as it
was specified in the body of the article).

The section Results of the Abstract is incor-
rect. The sensitivity and specificity of the B-line
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are not really 93 and 93 % but, if CT correlations
are taken into account, 100 and 100 %. This basic
information was available, but no reviewer
required to specify this in the Abstract section. In
our previous edition, we asked the readers to
kindly warn us 24/7/365, if they met diffuse lung
rockets in patients with proven absence of inter-
stitial syndrome, or their absence in patients with
documented interstitial disease. In this updated
edition, since we have described a new, extremely
rare entity (in search for a label, temporarily the
gooey sign), we still invite them to warn us, for
assessing the frequency of this sign.

Peculiar Notes

1. Are lung rockets 100 % specific to intersti-
tial syndrome? In two occasions (in 26
years), we saw bridges of apparently gooey
substance (fibrin? pus?) coming from
pneumothorax in ARDS patients and
precisely separated like lung rockets in
small areas (Fig. 12.7). The gooey sign,
as we have temporarily labeled this
entity, means an updated specificity
less than 100 %, but clearly superior to
99 % (using extrapolations, we have
calculated a 99.7 % specificity). This
just indicates that situations where the
“100 %> exist in medicine are excep-
tional. This is the case however — up to
now — for the lung point, a sign of
pneumothorax, and we still observed

This manuscript (in the BLUE-journal) had been
already rejected 1,000 times. We had the aim of at
last publishing these findings — in order to be able to
submit the subsequent ones (having in mind to rap-
idly submit the BLUE-protocol). Without arguing
too much, we tightly followed the Reviewers
requirements [11]. This was a mistake, because
even today, nosologic confusions prevent lung
ultrasound for being a fully homogeneous field, and
some colleagues still speak without any discrimina-
tion of “comet-tail artifacts,” “alveolar-interstitial
syndrome” instead of “lung rockets,” and “intersti-
tial syndrome” (among many, many examples).

not far from the skin — to be confirmed). We
will not use this highly specious argument:
the gooey sign indicates that there is an
(underlying, precisely, not attached to the
wall) interstitial syndrome.

no case refuting its 100 % specificity.
Regarding again the gooey sign, we
wait our next case for assessing a sign
which should theoretically make them
distinct from B-lines. The usual prob-
lem with these extremely rare cases is
that they must keep us cautious, but
too much caution for such infrequent
cases should show double sided (in
addition, the gooey sign should possi-
bly indicate a moderate pneumothorax,

Fig. 12.7 Lung rockets not associated to interstitial syn-
drome. One can see a right pneumothorax, with three close
bridges of (probably) exudative, gooey material which
sticks more or less the lung to the wall. This geometry
should generate an image of (standstill) lung rockets. This
is an exceptional event, seen here in a patient with ARDS,
just showing that nothing is 100 % sure in medicine. In the
frame, a piece of cheese pizza with a similar phenomenon.
This rare feature may be labeled with an explicit, suitable,
and shorter label, the gooey sign. Just note that in this case,
the lung is not far from the wall (meaning, possibly, that
the gooey sign should be associated to moderate volumes
of pneumothorax)
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Anectodal Notes

1. Several names were successively given to the
lung rockets and their declination. Discovering
this pattern, in the early 1990s, we hesitated
between the sunset sign, the iridance, and the
fan sign, but these terms were too bucolic,
somehow inappropriate (same remark about
the “barcode sign”; see our Anecdotal Note at
the end of Chap. 14). Then “lung rockets”
came, answering to our requirements (short
terms, not confusing, evoking some aggressive
idea).

The initial name of the septal rockets was the
B7-lines, the ground-glass rockets B3-lines.
David Curtelin, CEURFer from Canaries Islands,
initiated this change. It was a bit logical, referring
to the distance between two septa, but was inap-
propriate in children and neonates of course,
since one can see three B-lines when they are
B7-lines and seven B-lines when they are
B3-lines. Much too confusing! The terms of sep-
tal and ground-glass rockets are independent
from the age, therefore more universal. In addi-
tion, we try to spare the memorization work of the
poor doctors. Septal edema: septal rockets.
Ground-glass lesions: ground-glass rockets — we
move more easily from a current knowledge to
new terms.

I1.

10.
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and the B’-Profile

This chapter will probably be the shortest. It was

necessary to understand quietly, step-by-step, the

elementary sign (the B-line, Chap. 11), the devel-
oped sign (lung rockets, Chap. 12) of interstitial
syndrome, and the phenomenon of lung sliding

(Chap. 10).

Lung ultrasound is a dynamic tool investigat-
ing a dynamic organ, using a sign, lung sliding,
with no equivalent using traditional tools
(X-rays and CT mainly). This allows to define
two opposing kinds of interstitial syndrome, the
transudative and the exudative interstitial syn-
drome. In the BLUE-protocol, they were given
short labels:

1. The detection in a blue patient, at the anterior
chest wall, of lung rockets associated with
lung sliding (each word is important) has been
called the B-profile (Video 13.1).

2. The B’-profile is a B-profile with abolished
lung sliding (Video 13.2).

This distinction follows the logic of the
BLUE-protocol, by determining profiles using
associations of signs [1]. When we write that
lung sliding is “abolished” in the B’-profile,
it can be completely, or quite completely

Electronic supplementary material The online version
of this chapter (doi:10.1007/978-3-319-15371-1_13)
contains supplementary material, which is available to
authorized users.

abolished, with a 1-mm amplitude roughly. This
distinction is of no relevance: both cases indi-
cate a very impaired compliance. The question
of pneumothorax makes no sense in the pres-
ence of any B-line. Note interestingly that vid-
eos are not mandatory if good quality M-mode
data are provided (Fig. 13.1).

The B-profile and mostly the B’-profile are
seen independently from the type of ventilation
(spontaneous or mechanical).

The Ultrasound Transudative
Interstitial Syndrome (B-Profile)

Briefly, hemodynamic pulmonary edema gener-
ates transudate, a kind of oil preventing the lung
to burn during an all-life breathing. Usually, the
B-profile will be seen in hemodynamic pulmo-
nary edema.

The Ultrasound Exudative
Interstitial Syndrome (B’-Profile)

Inflammatory diseases generate exudate, fibrin,
and various viscous stuffs, which may stick the
lung to the wall. The B’-profile will prove a
highly specific sign of pneumonia/ARDS. The
pathophysiology will be evoked in Chaps. 23 and
24, and detailed in the Chap. 35.

D.A. Lichtenstein, Lung Ultrasound in the Critically Ill: The BLUE Protocol, 95
DOI 10.1007/978-3-319-15371-1_13, © Springer International Publishing Switzerland 2016
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Fig. 13.1 This figure is devoted to show that static
images can indicate dynamic phenomena. To the left, the
alternation of vertical hyperechoic lines shows that
B-lines come and go through the shooting line of the
M-mode: lung sliding is present. Note also the marked

The Language of the BLUE-Protocol,
Its Main Principle

The label “B-profile” should be understood,
like in aviation language, where speed is life,
and where most pieces of information must be
said in a minimal time. Instead of “B-profile,”
one could have said: “the pattern with ten fea-
tures, which is a comet-tail artifact, arising
from the pleural line, moving with lung slid-
ing, usually long, usually well-defined, usually
erasing A-lines, usually hyperechoic, multiple
(three or more) in one longitudinal scan, dis-
seminated to the anterior bilateral chest wall,
and moving with a preserved lung sliding,”

[
110
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dyspnea in the Keye’s space: patient likely not intubated.
To the right, the M-mode shows a homogeneous field
below the Keye’s space, indicating that the B-line taken
by the shooting line is standstill

a little long for being adopted. Words are the
principle of any language.

In usual conditions, the “B-profile” and the
“B’-profile” are recognized in a few seconds or
less. One of the immediate therapeutic outcomes
is the suggestion of CPAP in the case of a
B-profile and direct intubation in the case of a
B’-profile, as seen in the detailed chapters.

Reference

1. Lichtenstein D, Meziere G (2008) Relevance of lung
ultrasound in the diagnosis of acute respiratory fail-
ure. The BLUE-protocol. Chest 134:117-125



Pneumothorax and the A’-Profile

A few seconds are sufficient to rule out
pneumothorax, less than 1 min to rule it in,
at the bedside. This justifies the length of
the present chapter.

Chapter 27 will explain how the inclusion of
this simple diagnosis can change the habits in
several areas of medicine. The present chapter
will be as technical and short as possible. Just
imagine all situations where the diagnosis of
pneumothorax is evoked, or routinely sought for.
Just after the usual physical examination (or
before, in the case of cardiac arrest), ultrasound
will most of the time be the only used modality.
Just imagine.

Referring to the air-fluid ratio, pneumothorax
is pure air. In the gas-fluid ratio graph (see Fig. 5.2),
it is on top. One may consider this diagnosis some
sort of a “non-lung” diagnosis. The description of
the interstitial syndrome had to be done previ-
ously. Note in the graph that the normal lung,
which contains minute volumes of fluid, is placed
between these two pathological conditions.

Our 5-MHz microconvex probe is ideal for the
investigation of pneumothorax.

Electronic supplementary material The online version
of this chapter (doi:10.1007/978-3-319-15371-1_14)
contains supplementary material, which is available to
authorized users.
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Warning for the Reader

The diagnosis of pneumothorax — detecting air
within air — appeared abstract, not to say fantasy
for the experts, even experienced radiologists
during decades. This is why even today, many
emergency physicians know this potential but do
not reach the next step, i.e., taking concrete deci-
sions (chest tube insertion in extreme emer-
gency). Using a methodical approach, the
diagnosis can be fully standardized.

For being at ease and taking full profit of this
chapter, we advise the readers a full control on
Chaps. 8, 9, 10, 11, and 12. Each chapter is a
basis for the following one.

Pneumothorax, How Many Signs?

The user will need sequential thinking, i.e., first
searching for an A’-profile and then confirming
the diagnosis using the lung point. This makes
two signs.

The determination of an A’-profile includes
two steps: abolished lung sliding, the A-line sign.

The first step, abolished lung sliding, will be
studied in two settings: eupnea and dyspnea for
simplifying what can be simplified. In Chap. 10,
we studied three settings: normal breathing
(where everything is easy), very quiet breathing,
and dyspnea. We can here consider together two
conditions: normal breathing together with very
quiet breathing in mechanical ventilation (since
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DOI 10.1007/978-3-319-15371-1_14, © Springer International Publishing Switzerland 2016
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none generates the Keye’s sign), opposed to
breathing exacerbated by acute dyspnea (with
Keye’s sign).

Determination of the A’-Profile

The detection at the anterior chest wall of abol-
ished lung sliding with the A-line sign in a supine
or semirecumbent patient defines the A’-profile.
Lung ultrasound is an interactive field, with
didactic challenges. Here, the challenge comes
from the fact that the abolition of lung sliding,
obvious in the case of coexisting B-lines, is more
subtle to detect in their absence.

Where to apply the probe? The free pneumo-
thorax is a light disorder (principle N°2). In supine
patients, it collects at the less dependent area, near
the sky [1]. All life-threatening, free cases involve
at least the lower half of the anterior chest wall in
a supine patient [2]. The probe should be applied
at the point nearest to the sky. In extreme emergen-
cies (cardiac arrest mainly), the patient is supine:
the lower BLUE-point. In the semirecumbent
patient: the upper BLUE-point. For diagnosing
minute, apical cases, read Chap. 36.

Abolition of Lung Sliding

Abolition of Lung Sliding in Eupneic
Patients: A Nice Basis

Pneumothorax should be learned “slowly.” The
abolition of lung sliding, a first step, should be
first recognized on nondyspneic patients quietly.
Idiopathic cases seen in the ER and cases occur-
ring on mechanical ventilation do not generate
dyspnea (nor do patients in cardiac arrest, but it is
not the quiet place for learning). In these “pure”
conditions, one can see, first on real time, that the
pleural line is completely, strikingly standstill.
The slightest sign of activity at the pleural line or
Merlin’s space should be considered (see again
the variants of lung sliding in Chap. 10). Here,
nothing is moving. This is definitely not normal at
a vital organ, supposed to move all the time. The
absence of parietal activity (severe dyspnea)
makes the absence of lung sliding more obvious

to detect. The absence of dyspnea is recognized
on real time by simple observation (Video 14.1).
Critical detail explained in Chap. 10: all filters
should have been deactivated.

The M-mode analysis in LUCI shows two super-
imposed, rectangular areas: the upper Keye’s space
and the lower M-Merlin’s space (MM-space). They
are separated by the pleural line. In a pure pneumo-
thorax, not dyspneic, the absence of motion from
the chest wall makes a regular Keye’s space (upper
square), and the absence of lung motion makes a
regular MM-space (lower square). Consequently,
both spaces have exactly the same pattern, resulting
in one M-mode stratified pattern, strikingly homo-
geneous, from top to bottom (the opposite of the
usual seashore sign). Reminiscent of stratospheric
condensation phenomena of B-17 flying fortresses
squadrons in high altitude, this sign was called the
stratosphere sign [3] (Fig. 14.1, Video 14.2). Those
who really want by any means to call it the barcode
sign should see the Fig. 14.2, read its caption
(Fig. 14.2), and make their opinion.

We highly advise to take some time for fixing
(in one’s brain) the absence of lung sliding on
real-time first. The M-mode helps for under-
standing the pathophysiology of pneumothorax
and the difficult cases which will come soon or
late. The control of the real-time pattern will be
of major use for being operational in a few sec-
onds, as requested in the first step of the
SESAME-protocol (cardiac arrest).

Abolition of lung sliding, analyzed in a medical
ICU with CT as reference, showed a sensitivity of
95 % [4]. The rules of reviewing are intangible [5].
Yet if rewritten today, the data would be 100 %;
see Anecdotal Note 1. In other words, all cases of
pneumothorax yield abolition of nondependent
lung sliding. The negative predictive value is
100 % [4]. A normal, nondependent lung sliding
confidently rules out pneumothorax.

Abolished lung sliding has a poor specificity:
it is far from indicating pneumothorax (see
Anecdotal Note 2). When ICU controls have no
lung disease, ultrasound positive predictive value
is 87 % [4]. This rate decreases to 56 % when the
control population includes ARDS patients [6]. It
falls to 27 % when patients in acute respiratory
failure are selected [7]. In ARDS or extensive
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Fig. 14.1 The A’-profile, a basic sign of pneumothorax.
The ultrasound diagnosis of pneumothorax. The left
image shows an A-line. The complete abolition of lung
sliding is perfectly demonstrated on the middle image,

Bitte auf kurzfristigen Wechsel
Please observe gate

Fig.14.2 Barcode sign? This smiling barcode shows that
some expressions can confuse. A word should express an
idea. Even if referring strictly to traditional barcodes, the
image sounds like making nice shopping with the family
in a supermarket on a sunny Saturday. The term of strato-
sphere suggests the threaten of imminent bombing — like
pneumothorax, a deadly event. The suggested idea would
create confusions when considering the modern barcodes,

pneumonia, lung sliding is abolished in more
than one-third of cases. For some who believe
that abolished lung sliding means pneumothorax,
Table 14.1 is a list of many other causes.
How to complicate the procedure?
— If the hand of the operator is not standstill, the
dynamic information is spoilt (see again Fig. 1.1).
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using the M-mode. This pattern made of exclusively strat-
ified horizontal lines was called the stratosphere sign, an
allusion to threatening stratospheric phenomena (right

figure)
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which actually display the seashore sign. Lastly, one can
also just respect the chronology of publications and use
the native term. “Barcode” is quicker? The locution “bar-
code sign” takes 1.40” versus 1.73” for “stratosphere
sign,” but the use of ultrasound (instead of radiography or
CT) allows to save hours. For 0.33,” we can use the origi-
nal label — and avoid deadly confusions

— If the scan is transversal, just on a rib, this rib can
show a standstill hyperechoic line (with some-
times this perfid pitfall: repetition lines called
M-lines, looking like A-lines) (see Fig. 40.3).

— If the machine used is a digital unit especially
from the first generations, the image resolution
will be unsuitable (read Anecdotal Note 3).
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— Unsuitable probes give unsuitable results.
Most phased-array cardiac probes are not ade-
quate to study lung sliding and the dyspnea at
the superficial tissues. Linear probes in
bariatric patients and abdominal probes in
skinny patients make the same issues.

Abolition of Lung Sliding in Dyspneic
Patients: A Higher Step in the Learning
Process

The ultrasound diagnosis of pneumothorax is the
science of standstillness. A dyspneic patient who
tries to survive by recruiting the accessory mus-
cles is not standstill at all. Examining the pleural
line in such patients obeys in some sort to the
rules of shooting from a mobile point to a mobile
target (dogfight). A pneumothorax generates no
movement, and a dyspnea generates hectic move-
ments. This latter dynamics from superficial
areas will parasite the characteristic standstill
sign at the pleural line. The operator must detect
a standstillness (at the pleural line) inside a hec-
tic, moving area: an “absolute quandary?”

A standardized approach, using the M-mode
and the concept of the Keye’s space, gives the
answer. The phenomenon observed on M-mode
can be related to a column of sand. The top of this
column is located above the pleural line, inside
the Keye’s space: this cannot be a seashore sign.
A seashore sign would by definition begin at the
very pleural line, not 1 mm above, not 1 mm
below, spreading below homogeneously. Here,
the dynamic comes from the contraction of the
parietal muscles (pectoral, intercostal). The sand
visible at the Keye’s space, meaning severe dys-
pnea, is called the Keye’s sign (see details in
Chap. 10). Now, the whole of the sand column
will be analyzed. In the case of pneumothorax,
this sandy image will cross the pleural line with-
out any change, even slight. This is the Avicenne
sign (conceived in Avicenne Hospital) (Fig. 14.3,
Video 14.3). The Avicenne sign demonstrates
that, in spite of the diffuse movement coming
from the muscular recruitment above the pleural
line, lung sliding is definitely abolished.

Keep in mind that abolished lung sliding is not
sufficient, but we are no longer blocked by a pat-

Table 14.1 Some of the situations creating abolition of
lung sliding
1. Visceral pleura touching the parietal pleura but
motionless
A history of pleurisy, with pleural adhesions

A history of pneumothorax, with efficient poudrage or
pleurodesis

Acute pleural symphysis, a frequent complication of
ARDS and massive pneumonia

Complete atelectasis

Massive fibrosis

Severe acute asthma

Apnea

Cardiorespiratory arrest

Esophageal intubation (bilateral abolition)
One lung intubation (usually left sided)
Jet ventilation

Severe abdominal compartment syndrome
2. Visceral pleural not touching parietal pleural
Pleural effusions of any volume
Pneumothorax

3. Visceral pleura absent

Pulmonectomy

4. Physical impediments

Parietal emphysema (by preventing clear analysis of the
pleural line)

5. Technical insufficiencies
Machines, probes, filters (read text)

tern that would floor the youngests. The aim of
CEUREF is to insert “difficult” cases inside stan-
dardized rails.

Conversely, the slightest change when the col-
umn of “sand” has crossed the level of the pleural
line would indicate the conservation of lung slid-
ing or equivalents (Fig. 14.3, and see Fig. 10.3).

Now, the reader can understand why CEURF
insists on having, on machines deserving the
name of “critical ultrasound,” both B and M
images strictly at the same horizontal level
(please, Anecdotal Note 4). Why complicate use-
lessly a field which is not that simple? For making
this clear, just imagine, Switzerland, 1307. Mr.
Wilhelm Tell is aiming at a certain apple. Using
the sighting system of such laptop machines (i.e.,
quite all), the arrow would arrive directly in
between the eyes, not really his purpose.
Ultrasound should work like a gunsight. Not two
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Fig. 14.3 The Avicenne sign. Which clinical elements
can be extracted from these static views? First (left image,
a), real time, this is lung ultrasound, with a bat sign. There
is no B-line in the Merlin’s space. Pneumothorax is not
excluded. On the middle image (b), M-mode, a turbulence
is seen (arrows), filling the Keye’s space, above the pleu-
ral line. It descends without any change when crossing the
level of the pleural line (the marked horizontal white line,

aligned metallic spots, but a serious, gyroscopic
system. “In the battle,” when stress does not help,
the configuration of our old (updated 2008)
Japanese unit makes the difference.

It is written again: the usual lag of most mod-
ern laptop machines corresponds to the thickness
of the intercostal muscle, precisely. The Tell’s
apple. We are confident that the manufacturers
will, one after the other, correct this detail.

In the unlikely event this approach does not
work, here are nonacademic ones. First, we can
ask the patient to control the breathing, relaxing
accessory muscles, just for a few seconds (this is
something that we never tried, maybe illusory).
Figure 10.3 shows that a very brief moment of
detected lung sliding is sufficient for ruling out
pneumothorax. Second, the detection of a lung
point, if positive, will clarify the problem (read
below about the lung point). This is the logic of
the Mocelin variant, i.e., an alternative to the
“academic” (say, standardized) approach when
there is no choice. For the cases where a massive
subcutaneous emphysema prevents initially to
detect the pleural line, see Video 14.5 and see
another example in Fig. 8.2.

at cm 2.2). This M-mode sign has been coined the
Avicenne sign. It has the meaning of a muscular contrac-
tion due to severe dyspnea, but also in fine, of an abolished
lung sliding. Pneumothorax is fully possible (to be con-
firmed using the lung point). On real time, this phenome-
non can be difficult to see, and here, M-mode is of real
help. The right image (c¢) shows for comparison a Keye’s
sign and a seashore sign: no pneumothorax

The A-Line Sign

Abolished lung sliding has a poor specificity. Yet
it will be associated with another constant sign,
the A-line sign. The A-line assumes that B-lines
are sought for (using Carmen maneuver) and not
found. This association makes the specificity
deeply increasing. The term of “A-line sign”
means a pattern of exclusive A-lines, a complete
absence of B-line (Fig. 14.4). Chapter 12 showed
that lung rockets indicate interstitial syndrome.
To see a diseased lung also means to see the very
lung — without air interposition between pleural
line and lung.

B-lines were present in 60 % of controls
(defined using CT) and in no case of complete
pneumothorax; absence of B-line, in other words
the A-line sign, had a sensitivity of 100 % and a
specificity of 60 % for the diagnosis of pneumo-
thorax; the negative predictive value was 100 %:
B-lines allowed pneumothorax to be ruled out
[8]. These data indicated that the parietal pleura
alone was unable to generate any B-line. Lung
artifacts were considered as a providential com-
bination, since the patients who were the most at
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Fig. 14.4 Ultrasound diagnosis of pneumothorax since
1982. We show on purpose an image taken with the ADR-
4000 (1982 technology) — with maybe a historical mean-
ing, this was our first case (we left it free of any marking).
Absence of lung sliding is visible in the contemporary
Video 14.1. Three A-lines can be described and also all
those intermediate horizontal lines, called sub-A and sub-
sub A-lines, shaping the Pi-lines — see Chap. 40. An over-
all vertical artifact should not be imagined here.
This characteristic absence of vertical B-line is called the

A-line sign

Inspiration

Fig. 14.5 Pathophysiology of the lung point. The probe
is motionless. At the left, it faces the pneumothorax, on
expiration. At the right, it faces the lung itself, on inspira-
tion, which has slightly increased its volume

risk for pneumothorax, and the most at risk for
not tolerating this pneumothorax, had usually
these lung rockets: extensive pneumonia,
ARDS. We saw meanwhile that the gooey sign,
the “exception confirming the rule,” was able to
decrease this specificity at a level calculated just
below 100 %, around 99.7 %. Read again this
variant in Chap. 12 and Fig. 12.7. We hope such
a rare event will not complicate the daily, basic
rules of LUCI. We wait our next case (expected
in several years) for making a manipulation
which should, possibly, atomize this problem.
LUCI is full of resources; we would not be sur-
prised to find a clue here also.

Important note: any pneumothorax should gen-
erate a completely artifactual screen filling the
Merlin’s space. The A’-profile, as well as the
A-profile, B-profile, and B’-profile is, first, a fully
artifactual image.

Lung sliding or lung rockets identify a major-
ity of patients who do not have pneumothorax.
Specificity of abolished lung sliding plus the
A-line sign is 96 % for the diagnosis of complete
pneumothorax [8]. But we aim at the 100 %.
Artifacts were usually considered indesirable par-
asites in the ultrasound textbooks [9]. Here is a
nice use of them.

The Lung Point, a Sign Specific
to Pneumothorax

Principle

The A’-profile can be seen in any lung with no
freedom of movement (see the numerous causes
in Table 14.1) and no interstitial syndrome. A
100 % specificity is here desirable since the con-
sequence of diagnosing pneumothorax is to
insert a needle in the thorax of a critically ill
patient.

The lung, a vital organ, remains a dynamic
organ. One must imagine that any lung inflates on
inspiration: spontaneous as well as mechanical
ventilation and normal as well as collapsed lungs.
If the collapsed lung has a contact with the chest
wall, a slight increase of contact will occur on
inspiration, at a certain location: the boundary
between the living air of the lung and the dead air
of pneumothorax (Fig. 14.5). This generates a
characteristic sign.

The Sign

When (and only when) the operator has detected
an (anterior) A’-profile, the probe is shifted later-
ally or more, until the lung point is found: a sud-
den and fleeting pattern at a precise location of
the chest wall, at a precise moment of the respira-
tory cycle, usually inspiration, with the probe
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Fig. 14.6 The lung point. In real time (left), not featur-
ing, a transient inspiratory movement was perceived at the
pleural line along the posterior axillary line, in a young
patient with suspected pneumothorax and an A’-profile.
M-mode (right) shows that the appearance, or here disap-
pearance of lung signs, is immediate, according to an all-
or-nothing rule (arrow). The location indicates the volume
(a lung point found at a PLAPS-point indicates substantial
volume)

now strictly motionless. This pattern, which must
mandatorily alternate with an A’-profile, is
usually lung sliding or lung rockets (Fig. 14.6,
Video 14.4). Exceptionally, at the anterior left
wall, it may be the heart — the heart point [10].
This alternance is stable provided the size of the
pneumothorax is stable. We speak of lung “point,”
but this is in actual fact a kind of roughly longitu-
dinal line. However, one point (of this line) is suf-
ficient, hence the current label. No other sign can
mimic a lung point (read Anecdotal Note 5).

The Accuracy

Again in the ICU, when comparing pneumotho-
rax and controls studied on CT, the lung point
had a sensitivity of 66 % and a specificity of
100 % [6]. The lung point is pathognomonic of a
pneumothorax, and we can write this still today,
15 years after the publication of the lung point.
We have never observed a lung point in the count-
less patients we visited who had no pneumotho-
rax. When the focus is done on radio-occult
cases, sensitivity increases to 79 % [3]. Moderate
cases, usually radio-occult, are anterior, explain-
ing this high sensitivity [2].

Which Management in the Absence
of a Lung Point?

A major pneumothorax with complete lung
retraction will never touch the wall, explaining
the low sensitivity of ultrasound for these cases.
Without the lung point, the strategy must be
adapted to the emergency. In noncritical settings,
please ask for a traditional tool (chest radiogra-
phies should usually answer). In critical settings,
please read the “Australian variant” in Chap. 27.

Slight Comments

The lung point demonstrates the high sensitivity
of the all-or-nothing rule of lung sliding. It
proves that a minimal, millimeter-scale pneumo-
thorax is accurately detected. It confirms that the
technique of search for lung sliding and the
machine used (filters, probe, etc.) are correctly
designed.

Abolished lung sliding with A-lines at one
area, with lung sliding or B-lines at another area
of the same lung, separated by ribs, for instance,
but without lung point, is not sufficient; it can be
explained by lobar atelectasis, focal adherences,
among others. Only in extreme cases should this
sign be considered of value.

A variant: the half lung point. The lung point
can be frontal, i.e., touching the wall frontally
(making a sudden change of pattern of the whole
pleural line). It can be lateral, i.e., coming later-
ally on the screen, from one side to another side
of the pleural line (creating a smoother sign that
we call the half lung point, Video 14.4). Read
Anecdotal Note 6.

Additional Signs of Pneumothorax

Other signs can sometimes be useful. The swirl
sign, which has an equivalent at the abdominal
level for the diagnosis of occlusion (see
Figure 16.9 of our 2010 edition), indicates hydro-
pneumothorax. The fluid collection is freely
swirling in a depressurized pleural cavity.
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Fig. 14.7 The swirl sign of hydropneumothorax. On
M-mode, a rapid succession of opposed patterns arising
from the pleural line is visible. The globally dark ones (F)
show fluid, a facilitator for ultrasound. The brighter ones
(G) show the gas of pneumothorax, an absolute barrier for
ultrasound. The rhythm, irregular and much faster than
respiratory or cardiac activities, corresponds to the hectic
swirl of the fluid in a depressurized cavity at atmospheric
pressure

Consequently, when the probe is applied at bed
level and when movements are gently transmitted
to the patient, the fluid pleural effusion shakes in
a characteristic manner (Fig. 14.7).

Evaluation and Evolution of the Size
of Pneumothorax

This is dealt with in Chap. 28. We want to keep
this chapter as short as possible.

Pitfalls and Limitations

There is no real pitfall, only some limitations.
The reading of this long section allows users to
take full advantage of ultrasound.

Fig. 14.8 Massive subcutaneous emphysema. This

patient had a historical subcutaneous emphysema.
Philippe Cornu witnessed it (hence the Cornu’s sign); we
could also have labeled it the Coluche sign, for the few
who know him, because here, really, there is nothing to
see. The probe was here unable to describe any anatomi-
cal pattern, in spite of a compression maneuver. Sometimes
it works (see Video 14.5)

Parietal Emphysema

1. How it appears

It stops ultrasounds, preventing recognition
of underlying structures. We can describe dif-
ferent patterns. Major cases create a remark-
able image with no visible structure at all,
which we called the Cornu’s sign (Fig. 14.8).
Less severe cases make comet-tail artifacts
appear. They really look like B-lines, but one
of the mandatory criteria is absent: they do not
arise from the pleural line. The pleural line,
deeper located, cannot be seen. They arise
from parietal soft tissues. Small air collections
can be randomly organized, generating W-lines
since they shape a bit of a “W” (see Fig. 40.1).
The gas collection can make a horizontal
hyperechoic stripe between two parietal tis-
sues, making aligned comet tails (Fig. 14.9).
These comet-tail artifacts have been called
E-lines (E for emphysema) since 2005 [3]. It
will make a deadly pitfall for those who won’t
care at the basic bat sign. No bat sign? This is
not lung ultrasound. The horizontal hyper-
echoic line is not the pleural line. This is one
among many reasons why we advocate longi-
tudinal scans, which display the bat sign.


http://dx.doi.org/10.1007/978-3-319-15371-1_28
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Fig. 14.9 E-lines, another presentation of subcutaneous
emphysema. In this longitudinal scan of the chest wall,
well-defined comet-tail artifacts are visible, some spread-
ing up to the edge of the screen. They may give the illu-
sion of lung rockets. However, no rib is identified: no bat
sign. We are no longer in lung ultrasound. The hyper-
echoic horizontal line from which the comet tails arise is
not the pleural line. Layer of parietal emphysema in a
patient with traumatic pneumothorax. These lines were
called E-lines (E for emphysema)

Note that E-lines and W-lines are motion-

less, a logical finding.
2. What to do then

For simplifying, we can advise novices to
switch off the machine and do with traditional
tools, as done before, time permitting (and
even not to switch on the machine when clini-
cal emphysema exists).

For more expert users: exploiting the small
footprint of our probe, the advantage of the
rigid rib cage, and the Carmen maneuver, we
use the Compression Lung Ultrasound
Examination, provided it will not create any
pain (e.g., rib fracture). This maneuver some-
times results in hiding little by little the gas
collections. And suddenly, the pleural line
appears. One should not expect an academic
bat sign, but rather the self-speaking sign of
the “bat in the fog,” so to speak (see Fig. 8.3).
The rib shadows are the best landmarks here.
Then, this blurred line, in between the rib
shadows, is the pleural line. It is often possible
to see a lung sliding or lung rockets, which
answer the question (there is no pneumotho-
rax) (Video 14.5). The A’-profile is more dif-
ficult to affirm, yet it is sometimes possible to

detect a “beautiful” lung point — which
answers the question (there is a pneumotho-
rax). We succeeded to postpone many CTs
using this protocol (read the LUCIFLR
project, Chap. 29). Some extreme cases
are an issue for all, experts included.

Subcutaneous Metallic Materials

Bullets and shrapnel fragments generate comet
tails which are not B-lines since they arise above
the pleural line, from soft tissues. This is fortu-
nately rare in our setting but can be encountered
in unstable areas on Earth. Metallic devices such
as pacemakers create comet-tail artifacts with
roughly an “S” shape, thus called “S-lines,” of
course above the pleural line (see Fig. 40.4).

Septated, Complex, Posterior
Pneumothorax

Septated cases: they can locate everywhere. They
occur within pleural symphysis, frequent in
ARDS, with areas of motionless A-lines alternat-
ing with areas of motionless B-lines or A-lines (if
there is no diffuse interstitial injury). Some cases
have a really twisted, spiroid shape. This diagno-
sis is definitely subtle. Obviously, such cases can-
not generate aregular lung point—one understands
why it is required for confident diagnosis. This is
time for a traditional X-ray, or even CT. Sudden
changes in a routine daily ultrasound examina-
tion may be suggestive: disappearance of previ-
ous lung rockets from ARDS - those which are
long to vanish — suggests pneumothorax.
Posterior cases: since we imagine that such a
location plus clinical troubles is a rarity, one can
probably speak of really exceptional events and
keep this book as thin as possible. Here, an aboli-
tion of anterior lung sliding is expected. Why?
We imagine that a posterior pneumothorax occurs
only if there is a massive pleural symphysis. We
imagine this sign because these locations are so
rare; we did not see a lot of proven cases. Another
logical sign should be the absence of posterior
lung rockets, surprising after a long supine stage.


http://dx.doi.org/10.1007/978-3-319-15371-1_8#Fig3
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Similarly, anterior lung sliding should rule out
posterior pneumothorax.

Apical cases: another rare location, which in
addition occurs in a difficult area.

The mediastinal pneumothorax is rare; we will
not describe subtle signs sometimes available.

Is the Tube Intraparenchymateous?

All the conditions are present for making this
application a challenge: the dressing is at the
worst location, subcutaneous emphysema is often
present, and a lung that is not fully consolidated
will never give satisfactory acoustic window for
such a subtle diagnosis. It is worth trying, like
always with ultrasound, anyway.

Dressings

Voluminous dressings (especially around chest
tubes) are among our worst foes. Our solution is
to “think ultrasound” and avoid too large dress-
ings. Read Anecdotal Note 7.

Technical Errors

Using a technique other than longitudinal, focus-
ing on dependent zones, an unsteady hand, con-
fusion between B-, E-, and Z-lines, not aware of
the mangrove variant, using inappropriate
machine, inappropriate probe, and unsuitable fil-
ters (in one word: filters) are all errors erased
using a correct teaching.

For the Users of Modern Laptop
Machines

The machine must be ready to use. The obstacles
should be displaced (e.g., ventilator). Full oxygen
or more while the machine starts up. All filters
should be disactivated. All buttons (Boeing cockpit-
like) must be mastered. The user should now
choose the probe. There is always a solution. Linear
for skinny patients, abdominal for bariatric ones,

and sometimes cardiac probes for the few of them
which have the providential advantage to cover
more or less superficial areas. If the probes have to
be swapped during the test for a best result, they
will. The lag between real time and M-mode should
be perfectly integrated. If the real time is inter-
rupted when the M-mode is activated, there is noth-
ing to do but getting accustomed. All modern
configurations can do the work; it is just more dif-
ficult than with the described equipment. Waiting
for the perfect, simple equipment, these teams will
be able to be operational and even to publish. We
are confident that smart users will take the best of
their machine and imagination. We just think that
when the lack of room, the conditions (dyspnea,
agitation) make additional difficulties, the machine
should help, not confuse.

The Essential in a Few Words

A free pneumothorax locates anteriorly in supine
patients. The first step is always the recognition of
the bat sign, which locates the pleural line. The
BLUE-points make the search effective in a few
seconds by detecting an A’-profile (anterior abol-
ished lung sliding plus A-lines). Lung sliding rules
out pneumothorax, but is abolished by countless
causes. B-lines rule out pneumothorax where they
are observed. The lung point is a sign specific to
pneumothorax (which indicates its size).

A cardiac probe is usually inadequate, a linear
probe is limited for whole-body use, an abdomi-
nal probe is too large, yet each of them is far bet-
ter than nothing.

Cases occurring on severe dyspnea require
standardized analysis, and the equipment must be
as simple as possible.

Ultrasound is superior to bedside chest radio-
graphs for detecting pneumothorax.

An Endnote

This chapter was as structured as possible. The
physician must remain humble and always pre-
pared to see cases where difficulties will appear
(and where the help of other modalities will be
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required). The more the unit, probe, and teaching
will be simple and adapted, the less these situa-
tions should be encountered. The difficulties we
found were always the opportunity to enrich the

semiology of ultrasound (never the opposite), but
our last refinement was rather recent, showing
that it matters to remain careful. Medicine is the
art of humbleness.

Anecdotal Notes for Nonhurried Readers
1. Ninety five or hundred percent
sensitivity?

Due to a basic misconception which
escaped to the young authors as well as
the expert reviewers, the exact sensitiv-
ity should be 100%, not 95%. Patients
with parietal emphysema were wrongly
considered as “false negatives,” in the
spirit that lung sliding could not be ana-
lyzed. False negative assumes present
lung sliding. Either we exclude these
patients for unfeasibility or we describe
what is seen, i.e., characteristically, no
visible lung sliding. Eventually, this
misconception was maybe providential,
because data priding on 100 %, in a dis-
cipline not supposed to exist, is not eas-
ily accepted.

2. Lung sliding abolished

We had the pleasure to see, long after
our first observations, that abolished lung
sliding had been described as a sign of
pneumothorax in the veterinarian domain
[11]. We saw also some studies taking
again this notion [12, 13]. Surprisingly,
these works did not go more ahead in
such an infinite domain.

3. Laptops

The first laptop machines devoted
for filling the ERs created a striking
regression of image quality (see Fig.
2.2) — for no gain of space, on the con-
trary. They are now little by little
slightly improving (they will hopingly
reach our 1992 quality in a few years).

4. An image

Teams working with a cardiac probe
in a not standstill user’s hand using a
transversal scanning and dynamic filters

on a first-generation digital screen, a
non-instant response technology (time
lag), and now, the confusion of a dynamic
not coming from the pleural line, those
ones will likely be rapidly discouraged
of investing intellectual energy in lung
ultrasound. This is what CEURF can
avoid!
5. The liver point
Some colleagues have written that
the liver (or the spleen) respiratory
dynamic simulates a lung point. There is
no risk of confusion. First and above all,
a living lung (lung sliding, lung rockets)
alternates with a plain, anatomical tissu-
lar organ. The lung point alternates liv-
ing lung with dead air. There is no
comparison. Second, the wise user
begins by the beginning: detecting an
A’-profile, i.e., at the anterior BLUE-
points (principle n°2 and 3 of lung ultra-
sound). Let us call the sign described by
our colleagues the “liver point” if
necessary.
6. Half and double lung point
We used the term “half lung point” as
a tribute to Roberto Copetti, who coined
“double lung point” a finding seen in
transient tachypnea of the newborn as a
tribute to our label “lung point” [14].
The consensus conference found the
term confusing (since it was reminiscent
of pneumothorax); our proposal to label
his sign the “Copetti’s sign” was not
accepted by the committee.
7. Dressings
We recently talked with (university)
thoracic surgeons who affirmed us that
these postoperative dressings are not that
mandatory.
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LUCI and the Concept

of the“PLAPS”

The pathophysiological basis of the BLUE-protocol
shows that each acute condition able to generate a
pleural effusion is also able to generate a lung con-
solidation (and vice versa, more logically). In acute
pulmonary edema (hemodynamic and permeability
induced), in pneumonia, and in pulmonary embo-
lism, e.g., both disorders can exist together. In the
aim of giving the most simple tool, we considered
together effusion and consolidation. This simplifi-
cation did not decrease the accuracy of the BLUE-
protocol. Therefore, we present a new syndrome
considering both disorders. The main outcome will
be a faster training of the medical teams.

PLAPS (posterolateral alveolar and/or pleural
syndrome) is a practical onomatopoeia (it can
look like a splash), which figures out the image
seen usually (Fig. 15.1). Let us analyze this term
step by step.

Posterolateral

Anterior pleural effusion is uncommon (this would
usually suggest a huge effusion). Anterior con-
solidations are, we will see, highly suggestive
of pneumonia. The PLAPS is, by definition,
lateral or posterior. The traditional site for
searching a PLAPS is the PLAPS-point.

Alveolar

This disorder will be described in Chap. 17.

And/or

This highlights the fact that the detection of a
consolidation, or an effusion, or both, has the
same meaning: PLAPS (and the same
diagnosis in the sequence of the BLUE-
protocol: pneumonia).

D.A. Lichtenstein, Lung Ultrasound in the Critically 1ll: The BLUE Protocol,
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Pleural Syndrome
This disorder will be described in Chap. 16.

The opposite of “PLAPS” is “absence of
PLAPS,” as far as lung ultrasound is a dichoto-
mous discipline. In the absence of PLAPS,
A-lines or B-lines can be seen (see Figs. 9.1 or
12.1). Since posterior interstitial syndrome can
be due to gravity, and therefore of no signifi-
cance, schematically, the visualization of
A-lines, B-lines, or lung rockets does not require
to be specified at the posterior lung. In other
words, when the probe is positioned at the
PLAPS-point, it can detect, either, a structural
image (effusion or consolidation or both) or an
artifactual image. This also means an optimized
learning curve. This also means that even in dif-
ficult cases in challenging patients, an answer
will be obtained: if the ribs then the pleural line
can be detected, if the Merlin’s space is too dif-
ficult for analysis, but if B-lines or A-lines are
clearly seen, a lung consolidation (and a pleural
effusion) is excluded.

In the BLUE-protocol, only the ten first signs
of LUCT are used. The concept of PLAPS means
that only seven signs are useful:

1. The pleural line

2. A-lines

3. Lung sliding

4. PLAPS (quad, sinusoid, shred, tissue-like
signs)

Lung rockets

Abolished lung sliding

7. Lung point

AN
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Fig. 15.1 Typical PLAPS. Both disorders are seen
together. A pleural effusion, identified between the pleural
line (upper horizontal arrows) and the regular lung line
(lower horizontal arrows). A lung consolidation, identi-
fied between the lung line and the fractal line (vertical
arrows)

The“PLAPS Code”

For relieving the memory, one can write PLAPS
in infinite ways. As a suggestion, using upper
and lower case, PLApS would mean consolida-

tion and no pleural fluid. PLaPS would mean
fluid but no consolidation detected. One can
again write quantitative data, either in elemen-
tary style, i.e., PLA*P'S, or in a developed style,
PLA%PSYS, An informed reader would
understand that this given patient has a lung con-
solidation at the PLAPS-point of 4 cm (or,
roughly, 64 ml), and a pleural effusion of 1.5 cm
(or, roughly, a corrected value according to the
extent of the lung consolidation, of 600 ml). This
language may appear complex at first view, but
isn’t medicine complex? The Chap. 28 will
explain how to make rough volume estimations
(i.e., hopingly suitable for clinically use).

One Major Interest of PLAPS

People skilled in geopolitics know what is
England, Wales, Great Britain, etc. Those who
are not skilled will always be right if speaking of
“United Kingdom.” The PLAPS are the UK of
lung ultrasound. They expedite the learning curve
of the BLUE-protocol.
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PLAPS and Pleural Effusion

In the usual work of a physician, knowing how to
detect a pleural effusion is a conclusion. The
interest of the BLUE-protocol is to specify what
to do with this information (redundant here,
informative there) and how to link it to a cause.

The fast detection of pleural effusions is part of
the BLUE-protocol, which simplifies the diagnosis
by adding original approaches. This familiar appli-
cation imagined by Dénier in 1946 and assessed by
Joyner in 1967 has for many doctors summarized
the interest of thoracic ultrasound [1, 2].

Why to use ultrasound in complement with
other tools (physical examination and others) is
detailed in Chap. 23.

Ultrasound evaluates the volume and the
nature of an effusion and indicates the appropri-
ate area for a thoracentesis, far better than
radiography.

For this application, our 5 MHz microconvex
probe is perfect.

The Technique of the BLUE-Protocol

From the old school and during decades, pleural
effusions were detected during abdominal exami-
nations, using abdominal probes and subcostal
approaches. This route can mislead (Fig. 16.1). Our

Electronic supplementary material The online version
of this chapter (doi:10.1007/978-3-319-15371-1_16) con-
tains supplementary material, which is available to autho-
rized users.
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microconvex probe is perfect for direct analysis
through the intercostal space. Therefore, new signs
adapted to this direct approach will be described.

Pleural effusion collects in dependent areas
(principle n°2 — fluid is heavier than air). Any
free pleural effusion is therefore in contact with
the bed in a supine patient. Rotating the patient
laterally is sometimes difficult, and not satisfac-
tory if the effusion moves to inaccessible depen-
dent areas (Fig. 16.2). Scanning only the
accessible, lateral wall will result in a loss of sen-
sitivity. We insert the probe at the PLAPS-point,
as far as we can (read again carefully the tech-
nique of the PLAPS-point in Chap. 5).

The principle of the PLAPS-point is simple: if
only one ‘“shot” is allowed for determining
whether there is, or not, a pleural effusion, this
location indicates immediately quite all free
pleural effusions, either abundant or minute.
Ultrasound can perfectly detect millimetric effu-
sions (Fig. 16.3), provided the probe is applied at
the correct spot.

The Signs of Pleural Effusion

Traditionally, the diagnosis is based on an
anechoic image. CEURF does not use this crite-
rion in the critically ill. Only anechoic effusions
are anechoic. How about the others, which can
have all degrees of echogenicity, especially the
most life-threatening: hemothorax, pyothorax,
etc.? In addition, hard conditions (challenging
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Fig.16.1 Pleural effusion and traditional approach. This
effusion appears during a transabdominal approach,
through the liver (L), in a transversal scan. This does not
provide a definite diagnosis with certain lower-lobe con-
solidations and also does not allow ultrasound-guided tho-
racentesis. Note that the effusion goes posterior to the
inferior vena cava (V), a feature that distinguishes, if nec-
essary, pleural from peritoneal effusion

Fig. 16.2 PLAPS-point and Earth-sky axis. The lateral-
ization maneuver. Left: the probe explores the lateral zone
up to bed level. The bed prevents the probe from scanning
further. Note the probe is far from perpendicular to the
wall. Using this horizontal axis, the detection of the small
effusion (arrowheads) is not obtained. Right: the back of
the patient has been slightly raised (lateralization maneu-
ver) (or the bed is soft enough for avoiding this maneu-
ver). The probe gains precious centimeters of exploration
and is now pointing to the sky, at a PLAPS-point, not far
from perpendicular. Minimal effusion or posterior con-
solidation can be diagnosed. Note that the effusion has
slightly moved toward the medial line (the arrows indicate
the maximal thickness of the fluid, the circle the medial
line), indicating that the maneuver of turning the patient
should be minimal (a wider maneuver could result
in locating this effusion at the mediastinal wall)

patients) create parasite echoes with difficulties
to affirm the anechoic pattern of the effusion. The
CEUREF definition has been made independent
from the tone of the effusion. We first see a struc-

tural image (i.e., not an artifact) at the PLAPS-
point. Structural images in the thorax, in critically
ill patients, are of either pleural effusions or lung
consolidations. What else? For defining the pleu-
ral effusion anyway and regardless of its volume,
we use two signs of our own.

One Static Sign: The Quad Sign

This is the only static sign we use. A pleural effu-
sion is limited by four regular borders shaping a
quad (Fig. 16.3). These borders are the pleural
line, from where it arises; the upper and lower
shadows of the ribs, regular as any artifact; and the
deep border, which is always regular and roughly
parallel to the pleural line (15° more or less), as it
represents the lung surface. We imagine that apart
from irregular pleural tumors that we never yet
see, the lung surface is always regular. This line
was called the lung line, an ultrasound marker of
the visceral pleura. The lung line is visible when
the visceral pleura is separated from the parietal
pleura by a structure that allows ultrasound trans-
mission, i.e., a fluid effusion. In healthy subjects,
the lung line is virtual, making the parietal and the
visceral pleura one line (the pleural line).

From the lung line, only the lung must be vis-
ible. It can appear as normal, yielding horizontal
artifacts. It can yield vertical artifacts, called the
sub-B-lines (Fig. 16.3). It can yield lung consoli-
dation (Fig. 16.4). If a heart happens to be seen in
the depth, then only the question of a pseudo-
pleural effusion and a real pericardial effusion
may be raised. In 26 years, we never saw an effu-
sion coming up to the lower extension of the
PLAPS-point with a sharp angle and belonging
to a pericardial sac.

Note: An aerated lung floats over the effusion.
A consolidated lung floats within it (same den-
sity). The vision of the inferior part of the lung
freely dancing within the effusion is reminder of
alga, was coined the jellyfish sign, also “sirena
tail” (suggested by Anne-Charlotte, from Tahiti
2005). Agnes Gepner gave a label which we
could not assume. The jellyfish sign is just a vari-
ant of the sinusoid sign; see below (Fig. 16.5).
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Fig.16.3 Minimal pleural effusion. Longitudinal scan at
the PLAPS-point. This figure indicates several pieces of
information.

1. It shows the quad sign: the dark image is an effusion not
because it is dark but because it is framed within four
regular borders: the pleural line, the shadow of the ribs,
and mostly the regular deep border (the lung line —
arrows). The quad sign is drawn at the right image

2. It shows the absence of local lung consolidation, since
the image beyond the lung line is artifactual

Fig. 16.4 Septated pleural effusion. Left PLAPS-point.
The lung line (plain arrows, right arrow at a distance)
demonstrates the pleural effusion. Septations are visible
inside, indicating an infectious process. Deeper to the
lung line, the lower lobe (LL) is consolidated. The cupola
(dotted arrows) is completely motionless. The spleen (S)
is far enough from the puncture site. Usual PLAPS: pleu-
ral and alveolar disorders in one same view

Note: Sophisticated minds may ask how to
distinguish a lung line from an A-line. First, the
A-line is at a precise distance (the skin-pleural
line distance). The A-line is strictly parallel to the
pleural line. Just on a static image, a patient with

3. It indicates the volume of the effusion. The interpleural
expiratory distance is 7 mm. This corresponds to a
20-40 ml effusion.

4. This effusion seems too thin for safe thoracentesis.

5. This figure allows to present the sub-B-lines (artifacts
looking like B-lines, arising not from the pleural line but
from the lung line, whose meaning is not the same, since
only the pleural fluid must be on attention). This notion of
sub-B-lines matters for those who want to know the vol-
ume of a pleural effusion; read more in Chap. 28

Fig. 16.5 Substantial pleural effusion. Intercostal route,
longitudinal scan, PLAPS-point. The anechoic pattern just
evokes the transudate but does not prove it. The lower lobe
(LL) swims within the effusion in real time (yielding sinu-
soid sign). The BLUE-pleural index should be measured
roughly at the lung line (i.e., here, 35 mm, indicating
roughly 1,250-2,500 cc, slightly more if the lung consoli-
dation is considered as having an index of 4, i.e., a correc-
tion factor of 1.2, i.e., 1,500-3,000 cc). No measurement
should be done below the lung, since it should be meaning-
less, going up to the mediastinum with a fixed distance
(here more than 9 cm). L liver. Slight trick, the pleural effu-
sion and the shadow of the rib (asterisks) are both anechoic

a pleural effusion which would be located exactly
at the same distance, and would be rigorously
parallel to the pleural line, would be unlucky. In


http://dx.doi.org/10.1007/978-3-319-15371-1_28

114

16 PLAPS and Pleural Effusion

addition, the A-line is perfectly standstill,
whereas the lung line usually has a dynamic: the
sinusoid sign; see just below.

One Dynamic Sign: The Sinusoid Sign

A gas can modify its volume under pressure, not a

fluid. This is a basic rule in medicine, used when

managing a cardiac arrest (from a talk with

Boussignac, as we understood him). A pleural

effusion in a rigid thorax, surrounding an aerated

organ which inflates, follows this rule. This gener-
ates a dynamic sign, the respiratory variation of
the interpleural distance. On inspiration, this dis-
tance decreases: the lung line moves toward the
pleural line (Fig. 16.6). This sign indicates the
inspiratory increase of size of the lung, spreading

the fluid collection. As the lung moves toward a

“core-surface” axis, the pattern, on M-mode, is a

sinusoid. This sign, also quite specific to pleural

effusion, is therefore slightly redundant with the
quad sign. It is mainly relevant in two cases:

1. In difficult examinations, when the quad sign
is not easy to prove.

2. Mainly, the sinusoid sign indicates a low viscos-
ity, as we will see in Chap. 35. In very viscous
or septate effusion, the sinusoid sign is absent.
Minute effusions and the “butterfly syndrome”:

See Video 16.1.

Other Signs?

We heard on the spinal sign (showing the spine
when there is an ultrasound window), a sign we
don’t use. We heard on signs allowing distinction
between pericardial and pleural effusions (con-
sidering the location of the aorta), but don’t feel
the need when using our described technique. We
do not conceive how a pleural effusion could be
confused with something else.

Value of Ultrasound: The Data

The quad and sinusoid signs confirm the pleural
effusion with a specificity of 97 % when the gold
standard used is withdrawal of pleural fluid [3].

Fig. 16.6 The sinusoid sign. Left (real time). At the
PLAPS-point, this collection’s thickness (E) varies in
rhythm with the respiratory cycle. The lung line, deeper
border (white arrows) moves toward the motionless pleu-
ral line (black arrow) shaping a sinusoid. The sinusoid
sign is specific to pleural effusion. Right (M-mode). This
image shows the relative dynamic of the lung line (white
arrows) and pleural line (black arrows)

Sensitivity and specificity are both 93 % with CT as
gold standard [4]. Note that extremely small effu-
sions generate the quad and sinusoid sign, those
which can be missed on CT. This partly explains
why our data are lower than 100 %, also raising the
question of the pertinence of this gold standard.

Diagnosing Mixt Conditions (Fluid
and Consolidation) and Diagnosing
the Nature or the Volume

of a Pleural Effusion: Interventional
Ultrasound (Thoracentesis)

Complicated patterns can be seen, and we imag-
ine that novices may find difficulties in distin-
guishing echoic fluids from anechoic, necrotizing
lung consolidations. Here one can open to expert
approaches [5], but the principle of the BLUE-
protocol is first, not to pay attention to this dis-
tinction, i.e., call it a PLAPS. Foremost, the
puncture will tell which antibiotic should be
given, either the needle comes in the pleural cav-
ity or within a very consolidated lung. Using this
philosophy gives to the present chapter a reason-
able thickness (see Chap. 35 for developed details
such as the ways to know the nature of a pleural
effusion, including direct thoracentesis).
Regarding the assessment of the volume, for
making this chapter short, this information is in
Chap. 28. Just note at this step that the slightest
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Fig. 16.7 A ghost. On this longitudinal subcostal scan,
the left kidney (K), the spleen (S), the hemidiaphragm,
and then an area (M) evoking pleural effusion can be
observed. This mass M has a structure a bit too close to the
spleen. This can be a ghost generated by the spleen
reflected by the diaphragm, a concave structure. Direct
intercostal scans make these ghosts vanish

pleural effusion is taken into consideration, defin-
ing a positive PLAPS (see Chaps. 20 and 23).

Chap. 23 explains why a pleural effusion has
the meaning of a pneumonia in the sequence of
the BLUE-protocol.

Pseudo-pitfalls

We don’t know any real pitfall.

An image appearing through the diaphragm
during an abdominal approach can be due to
pleural fluid but also compact alveolar consolida-
tion or the ghost of subphrenic organs (spleen,
liver). Like all concave structures, the diaphragm
can reflect (reverberate) underlying structures at
the upper location (generating genuine ghosts)
(Fig. 16.7). The solution for avoiding this pitfall
is to forget this abdominal technique.

By carefully detecting the quad sign, the user
avoids to perpetrate a major error: diagnosing
“pleural effusion” (meaning, by the way, insert-
ing a needle in it) when fluid is seen. A stomach
full of fluid and touching the wall, below the
cupola (not far from the PLAPS-point), or, much
worse, an ectopic stomach within the thorax cre-
ate “fluid” collections. These collections, as a
rule heterogeneous, may evoke the empyema.
Here, there is no lung line. The deep boundary is

Fig. 16.8 An odd pleural effusion? A charming confu-
sion. Hasty users, when diagnosing here a pleural effu-
sion, would violate at least two principles of lung
ultrasound. Principle N°2: a pleural effusion would not be
sought for anteriorly (apart from rarities). Principle N°4:
always begin by the bat sign, for not being abused by this
silicone breast here. The pleural line is clearly visible
below the “effusion,” with in addition a marked lung slid-
ing at the right on M-mode (seashore sign)

scalloped (the gastric wall). In addition, when
there is an air-fluid level, a typical “swirl sign”
can be generated (see Fig. 14.7). The swirl sign
shows the freedom of this air-fluid collection at
atmospheric pressure, whereas a pleural effusion
is the prisoner of the pleural pressure (apart from
pneumothorax, etc.).

A picturesque pseudo-pitfall is the anechoic
collection of silicone that we can find within cer-
tain breasts. Read Fig. 16.8 caption for knowing,
if needed, the tricks for not falling under the
charm of this troubling confusion (Fig. 16.8).

Additional Notes on Pleural
Effusions

Abundant effusions allow analysis of deep struc-
tures (lung, mediastinum, descending aorta). One
must take advantage of this effusion to explore
them before evacuation: a ruptured descending
aortic aneurism can be detected.

Does a pleural effusion abolish lung sliding?
Of course it does, even a millimetric effusion.

Pleural Effusion: Some Main Points

Our 5-MHz microconvex probe is perfect in the
adult (12 MHz in the newborn). One should forget
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the subcostal route. Search for small effusions
first at the PLAPS-point. The main sign: regular
deep limit (the quad sign). Slightly more acces-
sory sign: the lung line moves toward the pleural
line on inspiration (sinusoid sign). The echo-
genicity is usually dark (anechoic), but echoic
effusions are straightforward detected using these
universal signs.
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PLAPS and Lung Consolidation
(Usually Alveolar Syndrome) and

the C-profile

The lung consolidation is a fluid disorder, there-
fore easily traversed by the ultrasound each time
the consolidation is subpleural, which is the case
in acute settings in 98.5 % of cases [1] (Fig. 17.1).
The fluid fills an alveola. Countless alveoli are
contiguously filled, up to a macroscopic, visible
volume. This fluid can be transudate, exudate,
pus, blood, sweet or saline water, or any saline
solution. The BLUE-protocol will allow to deter-
mine the kind of fluid involved.

As early as 1946, the father of medical ultra-
sound evoked the potential of detecting lung con-
solidations [2]. Some works arose [3—5]. Aiming
at simplifying lung (and critical) ultrasound, we
present here signs from CEURF which aim at
being standardized.

Our 5-MHz microconvex probe is perfect for
this investigation, neonate apart.

Some Terminologic Concepts

Numerous terms are used in current practice:
alveolar syndrome, condensation, density, infil-
trate, parenchymatous opacity, pneumonia, bron-
chopneumonia, pulmonary edema, atelectasis,
etc. The word atelectasis in particular is often
used facing any consolidation. The ill-defined
radiologic term ‘“alveolar-interstitial” just dem-
onstrates an inability for experts (radiologists) to
separate each disorder. We explain this profusion
of words by the fact that “traditional” intensivists

D.A. Lichtenstein, Lung Ultrasound in the Critically 1ll: The BLUE Protocol,
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do not care too much and will not initiate a par-
ticular therapy; therefore words have less
importance.

With the advent of lung ultrasound, words
have much more sense. “Hepatization” is a nice
ultrasound word, since the lung and the liver have
similar patterns. The term “alveolar filling”
implies a nonretractile cause. The term we long
used, “alveolar consolidation,” has the advantage
of remaining neutral, not involving a particular
etiology (infectious, mechanical, hydrostatic).
From Angelika Reissig’ talks, we now use the
word “lung consolidation,” more logical, since
the alveoli and interlobular septa are together
concerned by the pathological process. By the
way, the term “alveolar-interstitial syndrome”
should be really reserved to these lung consolida-
tions (see Anecdotal Note 1).

Please, the word ‘“consolidation” does not
mean ‘“pneumonia.” Hemodynamic pulmonary
edema, ARDS, pneumonia, pulmonary embo-
lism, tumor, and even pneumothorax are causes
of lung consolidation. In the BLUE-protocol (in
dyspneic patients), posterior consolidations are
sought for only when there is no anterior intersti-
tial syndrome, no anterior consolidations, no
abolished lung sliding, and no deep venous
thrombosis. Only at this step, they indicate
pneumonia.

In the BLUE-protocol, lung consolidations are
not used for the diagnosis of pulmonary
embolism.
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Fig.17.1 Shred sign on CT. This CT scan of a lung con-
solidation shows a large pleural contact at the posterior
aspect of the left lung, a condition usual but necessary to
make it accessible to ultrasound. Such a consolidation
cannot be missed, even if only the PLAPS-point is inves-
tigated (note the longitudinal orientation of the microcon-
vex probe). This consolidation is non-translobar and has
the expected fractal, shredded border with the black aer-
ated lung

Why Care at Diagnosing a Lung
Consolidation, Whereas

the Concept of “PLAPS” Allows
Energy Saving?

It is true, in the BLUE-protocol, once a structural
image is detected at the posterior thoracic area, it
cannot be but a PLAPS? What else?

This is why our approach is aimed at simplify-
ing as far as possible the sole diagnosis of lung
consolidations, by providing as few signs as pos-
sible: two signs, namely, the shred sign and the
tissue-like sign.

One Ultrasound Peculiarity of
Lung Consolidations: Their
Locations

Whereas pleural effusion, pneumothorax, and
interstitial edema benefit from extensive location
and therefore from standardized points of search
(the BLUE-points), lung consolidations can be
located in various sites and have various sizes.
Where to apply the probe raises an issue.

Applying it at the PLAPS-point detects most
cases (90 %) [1] and makes ultrasound already
superior to bedside radiography in terms of diag-
nostic accuracy. We saw in Chap. 6 that if the
PLAPS-point is negative, one should expect to
see small or very small consolidations at the
extended PLAPS-points.

Whole-lung consolidations (massive atelecta-
sis, massive pneumonia) are visible everywhere
(including the PLAPS-point).

Random consolidations should be sought for
where they are. This can be apical, axillary, juxta-
rachidian, trans-scapular (yet see the nice Fig.
28.3), or on anterior areas not scanned by the
BLUE-points. Those who wish to increase the
90 % rate are condemned to make comprehen-
sive, time-consuming, and chancy scanning. This
option is acceptable for assessing ARDS but is
questionable in critical settings; in actual fact
deeply linked to the clinical question: dependent
consolidations in ventilated patients after a few
days (Pink-protocol) are pathologic but not sur-
prising. Anterior (even small) consolidations,
i.e., C-profile, in a patient with acute dyspnea, or
a young lady with chest pain, have major
relevance.

Rough correlations between BLUE-points and
lobes were seen in Chap. 5 rapidly: upper BLUE-
point and upper lobe, lower BLUE-point and
middle lobe, and PLAPS-point at the lower lobe.

Ultrasound Diagnosis of a Lung
Consolidation

Considering translobar from non-translobar
forms allows deep simplification of the teaching
part. Obviously, in many cases of translobar
cases, the same patient can display areas of non-
translobar consolidations.

Non-translobar Consolidations:
The Shred (or Fractal) Sign

We use a biological fact: almost all consolidations
seen in the critically ill have irregular boundaries
with the underlying aerated lung (Fig. 17.1). In a
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Ultrasound Diagnosis of a Lung Consolidation

Fig. 17.2 The ultrasound shred sign. Typical non-
translobar lung consolidation. First, instead of an acoustic
barrier (with A- or B-lines), an anatomic, structural image
is detected, arising from the pleural line. Note its tissue-
like pattern but, above all, the highly irregular, shredded
border (arrows), since the consolidation is in contact with
the aerated lung: the shred sign. In spite of the ill-defined
image (see the letters, showing major loss of definition),
the image is self-speaking. Quantitative data: the arrow is
6.5 cm, indicating a BLUE-consolidation index of 275 ml

longitudinal view, the upper, superficial border is
the pleural line or, in the case of associated pleural
effusion, the lung line (see Fig. 15.1). The deep
border is almost always shredded, displaying the
shred line or fractal line (Fig. 17.2) [6] (read
Anecdotal Note 2). This sign usually allows
immediate diagnosis, within fractions of seconds,
regardless of the size (just before the step it
becomes translobar; see below). Figure 17.3 is an
example of a small (i.e., for sure non-translobar)
consolidation. It is also distinguished from a pleu-
ral effusion with a lung line. Figure 17.4 is an
extreme example of alveolar syndrome, quite
alveolar miasma.

Translobar Consolidations:
The Tissue-Like Sign

In these voluminous cases, the beam crosses a
huge volume of alveoli, and the multiple reflec-
tions on the interlobular septa make possible to
see the tissue-like pattern more easily (see Fig.
5.3 and corresponding caption). This alveolar-
interstitial mass is reminiscent of a liver
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Fig.17.3 The C-line. The pleural line is interrupted by a
centimeter-scale image, concave in depth. This is a C-line,
a sign of very distal (and small) alveolar syndrome. It
seems round. One dimension is 1.25 mm, showing a
BLUE-consolidation index of roughly 2 ml (confirming if
needed its small volume). The shred sign is not caricatural
here. It is in practice replaced by an equivalent: the transi-
tion radius is concave (arrows), impossible with a pleural
effusion, even encysted
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Fig. 17.4 An extreme example of C-line. Some readers
may see here lung rockets, but the BLUE-protocol first
notes this irregular pleural line, somehow dotted. This is
an extreme example of small lung consolidation. At the
anterior chest wall, it concludes the BLUE-protocol as a
“C-profile.” Seen at the PLAPS-point, it would be an
extreme equivalent of a PLAPS. The “thickened, irregular
pleural line” of the Italian literature is called “C-profile”
or “PLAPS” in the terms of the BLUE-protocol

(Fig. 17.5). We should add an i/l liver, like in
mesenteric infarction, since small gas collections
are possibly present. In massive, translobar
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Fig.17.5 Massive, translobar consolidation of the lower
left lobe. The basic sign is here the tissue-like pattern
(quite paradoxical for a fluid lesion). The homogeneous
pattern indicates absence of necrotizing complication.
Pleural effusion and air bronchogram are not visible in
this pure case. Longitudinal scan of the left base, lateral
approach. Quantitative consideration: the longest mea-
surement is 9.5 cm (a maximum, since the consolidation
is translobar), making a simplified consolidation index of
875 cc, i.e., a huge consolidation

Fig. 17.6 Thoracic dimensions. This is the thoracic CT
of a normal size adult. One can see that the laterolateral
width of this thorax is roughly 30 cm, and each laterolat-
eral lung width is not greater than 10 cm

consolidations, the deep border is the opposed
visceral pleura. It is regular, since it outlines the
mediastinum (whole-lung consolidation) or the
heart (lingula consolidation). No aerated lung tis-
sue, i.e., no shred sign, is visible.

The label tissue-like sign assumes a tissular
behavior of the mass, which keeps constant
dimensions during breathing, consequently not
generating any sinusoid sign. But it is not
tissue.

Young operators (or sharp minds) may ask why
this regular line seen in the depth is not a lung line,
with an echoic pleural effusion. Apart from the
complete absence of fluid dynamic (plankton’s
sign of pleural effusion, sinusoid sign), the sim-
plest clue is to measure the dimension of this
image, caring at being as perpendicular as possible
to the chest wall. The distance between the pleural
line and the regular deep limit is 9-11 cm (in
adults), i.e., the translobar size of the lung. This
size may appear small, but see Fig. 17.6. A pleural
effusion cannot reach this dimension (5 or 6 cm is
an extreme limit). In other words, the deep border
can be called the “mediastinal line,” or the “heart
line,” for clarifying the concept. In the neonate, the
same rule applies (see Chap. 32).

Other Signs Not Required

for the Diagnosis of Lung
Consolidation in the BLUE-Protocol
but Useful for Its Characterization

Among countless signs, some are of interest for

giving more to the patient. Some can help, just in

difficult cases. Others will help in the causal
diagnosis. None of these signs changes the basic

BLUE-diagnosis of “pneumonia.” They will

be detailed in the extended BLUE-protocol

(Chap. 35):

Abscess or necrotizing pneumonia.

Air bronchograms. If yes, static air bronchogram
or dynamic air bronchogram. Note: air bron-
chograms are not considered as a sign of con-
solidation (because of redundancy).

Lung sliding amplitude or (redundant) diaphragm
dynamics.

Volume of the consolidation (read Chap. 28
devoted to ARDS). Reminder, a very small
consolidation is a consolidation in the
BLUE-protocol.
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Association with interstitial patterns in the
surroundings.

Association with pleural effusion.

Signs of loss of lung volume (elevated motionless
cupola, shifted heart etc.).

The coffee sign. If the user is able to detect a
lung line, followed by any structural (not artifac-
tual) image below, the diagnosis of lung consoli-
dation (associated with a pleural effusion) is made,
following this logic: we see something below a
pleural effusion. What can it be, if not a lung con-
solidation? What else? And the field of ultrasound
is again simplified. See Figs. 15.1, 16.4, and 16.5.

Accuracy of the Fractal and Tissue-
Like Signs

When the definition of the lung consolidation
includes both signs, the specificity of ultrasound is
98 % with CT as the gold standard [1]. The sensitiv-
ity of 90 % can be easily increased if the operator
makes comprehensive, time-consuming scanning.
In the study where this data is extracted, the opera-
tor missed consolidations that were small or in
unusual locations. The interest of detecting a small
consolidation is a function of the setting (see below).

The C-Profile and the PLAPS

The C-profile defines, basically, any detection of
anterior lung consolidations — regardless of num-
ber and size. In the BLUE-protocol, irregular,
thickened pleural lines are the C-profile.

The PLAPS is the term which concludes the
A-no-V-PLAPS-profile, a profile which consid-
ers posterolateral lung consolidations or just iso-
lated effusions.

Pseudo-Pitfalls

1. The distinction between complex pleural effu-
sion and alveolar consolidation

First note that for the diagnosis of an acute

respiratory failure, in the BLUE-protocol, the

PLAPS concept does not require subtle dis-
tinction. If needed, the sinusoid sign, the shred
sign, and air bronchograms, especially when
dynamic, usually make the difference. See
Chap. 35 for refinements.

2. Abdominal fat

It may really mimic alveolar consolida-

tion, with long explanations for proving it is
not (see Fig. 6.3). For making rid of this
issue, one just needs to follow the BLUE-
points: using them, the operator will be
above this embarrassing abdominal fat.
Apart from this, the diaphragm is usually
recognized, separating the thorax from the
abdomen. In exceptional cases of unfrequent
morphotypes, we see areas of abdominal fat
around the lower BLUE-point. Here is, if
really needed, one very small indication for
Doppler which should, supposedly, show
colors in some consolidations and no color
in fat.

3. Liver and spleen

Same remark with that of abdominal fat:

use the BLUE-points and locate the
diaphragm.

4. The F-lines

These parasites are shortly considered in Chap.
40. They don’t generate a big deal.

Lung Consolidation, Briefly

Our 5-MHz microconvex probe is perfect in
the adult (12 MHz in the newborn). Most cases
locate at the PLAPS-point in the critically ill.
A shredded deep border, the detection of the
mediastinal line (10 cm distance in the adult),
and a tissue-like pattern are our main standard-
ized signs. A lung consolidation can be found
in patients with hemodynamic pulmonary
edema, pneumonia, ARDS, pulmonary embo-
lism, atelectasis, and even pneumothorax. The
BLUE-protocol associates a consolidation to
its cause.

For advanced iconography, see also Chaps. 15,
16, 28, 32, and 35.
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Anecdotal Notes

1. Alveolar-interstitial syndrome.

We sometimes hear that ground-glass
rockets are advocated as being linked
with the alveolar-interstitial syndrome.
Ground-glass areas on CT are a sign of
interstitial syndrome (personal talks
with world specialists of imaging).

2. Benoft Mandelbrot wished to see his
concept used by as many disciplines as
possible. Geometry, geography, and
even politics and philosophy used it,
and we regret that he left us too quickly
(in 2010) to see that even medicine took
a part of his elegant concept [6].
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The BLUE-Protocol, Venous Part:
Deep Venous Thrombosis

18

in the Critically Ill. Technique
and Results for the Diagnosis
of Acute Pulmonary Embolism

A long chapter, but an easy, reasonable pro-
cedure, provided some clues are followed.

Vascular probes are not fully suitable for
vascular assessment in the critically ill.

Why Is This Chapter Long
and Apparently Complicated?

Why is this chapter so long (22 pages), whereas
the practical achievement is so short? In practice,
the venous step of the BLUE-protocol takes 2 min
or less. Half the cases of deep venous thrombosis
(DVT) are detected within the first seconds, and
the average timing is 55 s (Accessory Note 1).
This contrast is explained mainly because we
have to explain what we do not do, more than
what we do. Also because, it is true, the venous
network is extensive, and nearly each area has
some peculiarities. The principle of the BLUE-
protocol, i.e., a sequential scanning of the most
frequently involved areas, expedites the procedure.

Electronic supplementary material The online version
of this chapter (doi:10.1007/978-3-319-15371-1_18)
contains supplementary material, which is available to
authorized users.

D.A. Lichtenstein, Lung Ultrasound in the Critically Ill: The BLUE Protocol,

Our contact product also enables a really fast
protocol.

Our 5 MHz microconvex probe is ideal for
assessing almost all deep veins (popliteal, calf,
subclavian, including the caval veins - i.e, the
superior caval too - a.m.o.).

For the Very Hurried Readers:
What Is Seen from the Outside
at the Venous Step

of the BLUE-Protocol?

The operator applies the probe at the common femo-
ral vein, looks, and then compresses. If this area is
thrombosed, the BLUE-protocol is concluded. If
not, the superficial femoral vein just above the knee
is scanned. If this area is normal, a calf analysis is
done. If normal, jugular internal and subclavian
veins are scanned. If normal, the operator comes
back to the lower extremity: one shot at the mid-
femoral area, one at the popliteal vein. This sequence,
which replaces the laconic term “venous analysis” of
the decision tree, results in a larger decision tree, but
eventually expedites the venous step.

When to Make Use of Venous
Ultrasound in the BLUE-Protocol

The venous assessment is the critical step in the
BLUE-protocol, when diagnosing pulmonary
embolism. Venous ultrasound is also done in the

123

DOI 10.1007/978-3-319-15371-1_18, © Springer International Publishing Switzerland 2016


http://dx.doi.org/10.1007/978-3-319-15371-1_18

124

18 The BLUE-Protocol, Venous Part: Deep Venous Thrombosis in the Critically Il

ICU first (routine assessment in stable patients,
cause of a fever in a long-staying patient (Fever-
protocol), evaluation of volemia using mainly the
caval veins (FALLS-protocol) and first step for
venous line insertions) and many other settings
(e.g., geriatric dept).

The BLUE-protocol offers a 99 % specificity
for the diagnosis of pulmonary embolism in those
patients who have a normal anterior lung surface
associated with a deep venous thrombosis (DVT).
This highlights the importance of the present
chapter.

A DVT is able to create sudden death, acute
respiratory failure, but also simple fever, multiple
so-called pneumoniae delaying the weaning of
our ICU patients. Ultrasound can assess the
venous network at the bedside, noninvasively, and
almost all this network is accessible. Our 5 MHz
microconvex probe is perfect for the search for
DVT at all areas. In the BLUE-protocol, this is a
requirement, since it will be used for any vein and
the lung (plus the heart) without any delay.

The decision tree shows that the venous inves-
tigation is decided by the BLUE-protocol in the
case of an A-profile, i.e., normality of the anterior
chest wall in a severely dyspneic patient. We
remind the main property of the BLUE-protocol,
written in its label: it is only a protocol, not
designed for exempting doctors to think. The
doctor pilots this protocol, and his/her expertise
tells him/her when to go beyond. Once this is
understood, the BLUE-protocol gives its best.

Of critical importance (it will be reminded in
the text), the BLUE-protocol takes into account
only positive findings. In the spirit of the
LUCIFLR, it will already allow 80 % of having
shorter management with less radiations.

To Who Can This Chapter Provide
New Information?

The traditional venous ultrasound did not con-
sider the critically ill, mainly. Little by little since
our underground use (1985), we saw that our
empiric approach was different from the usual
teaching we saw here and there. The differences
are substantial and we suspect in actual fact that

the same experts who proclaimed that lung ultra-
sound was unfeasible had developed, in their
way, vascular ultrasound.
Here are our ten main differences:

1. We do not use vascular probes.

2. We do not use Doppler.

3. We do not use longitudinal approaches.

4. We do not use compression — when it is not

necessary.

We do not use tough compression — when it

is decided.

We use a new sign (the escape sign).

‘We do not restrict to “two-points” compression.

We pay little attention to the popliteal veins.

We pay special attention to the calf level.

The BLUE-protocol invites the first-line phy-

sician to provide this service immediately,

24/7/365, since 1989. This allows to bypass

the traditional landscape where the expert

(the radiologist) is not present on night. Or, if

present, not immediately. Or, if immediately

present, not accustomed to this kind of

patient. Or, if accustomed, not always fully

aware of some specific developments (here

detailed). This makes many limitations.
‘We have the satisfaction to see that, in 2015, the
point N°10 seems acquired: the tool is now in the
right hands. A whole community of clinicians is at
last convinced that ultrasound venous scanning is
part of their discipline. We still believe, however,
that the “rights hands” did not benefit up to now
from the “right tool,” hence this long chapter. Let
us now, precisely, detail the 9 other points.

e

SANE I

1.Vascular Probes Are Not Used

We are not quite sure if “vascular” probes deserve
this label. We prefer to call them “linear,” what
they are for sure. Yet are we linear? We are not.
Critical areas of interest are really not linear, such
as the subclavian vein, the superior caval vein, and
all veins when various materials surrounding the
critically ill (catheters, devices, mechanical venti-
lation, tracheostomy, renal replacement catheters,
any tubes and drains, etc.) prevent traditional
approach with large footprint linear probes. The
cutaneous availability is highly limited — the
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ergonomy of vascular probes makes a serious hin-
drance. Were we snakes, i.e., the most linear living
creature, long axis would be fine, but in the short
axis, due to the curvature, the probe contact to the
skin would be suboptimal. The label “vascular” is
not appropriate for probes which are unable to
scan nonlinear areas (subclavian, skinny patients),
which are unable to scan deep veins (caval vein),
and which are condemned to follow anatomic con-
straints, for example, a short axis of the internal
jugular vein if the patient has a short neck.

In other words, we consider that vascular
probes are not suitable for studying vessels (we
are not studying ambulatory chronic venous
insufficiency).

Reminder, the necessity to change probes
makes a loss of time, a failure of critical ultra-
sound, which the BLUE-protocol does not know.

We use a Japanese 5 MHz microconvex probe
which makes a universal assessment: all veins in
all orientations from all areas, linear or not,
superficial and deep (Anecdotal Note 1). This
smart probe can be inserted anywhere, at nonlin-
ear areas (subclavian, popliteal, superior caval
vein) as well as very linear ones (abdomen for
inferior caval vein) and in areas of limited access
(devices etc.), everywhere briefly. It can be
rotated in long or short axis without increasing
the skin contact. With a range from 0.6 to 17 cm,
it exposes all the veins we need to see (Fig. 18.1).
Of course, some veins can be seen very well with
linear probes, but the principle of the BLUE-
protocol is to use the same probe for the veins
(all), the lungs, and the heart, a.m.o., without los-
ing one second (nor one dollar).

Third interest of the microconvex probe, its
limited skin contact allows less energy for the
compression, focused on the vein.

Colleagues who advocate vascular probes
are happy to see nice images (in passing, not
so spectacular if low-quality laptop equipment
is used), but must acknowledge its limited
value (scanning only superficial veins, only
linear areas, no choice for orientation between
short and long axis). The principle of the opti-
mal compromise shows why our probe is the
winning choice (see Chap. 3 devoted on the
concept of the optimal compromise).

Internal
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Fig. 18.1 The venous network, anatomical reminder.
This figure shows the deep venous axes accessible to
ultrasound. The superior caval vein, brachiocephalic
trunk, and the primitive iliac veins, inconstantly exposed,
are in gray or dotted. The areas where the second hand
(“Doppler hand”) is necessary are indicated

2.Doppler Is Not Used: What
Does the BLUE-Protocol Instead

We promise to buy a Doppler equipment (and
throw our Hitachi-405 to the garbage) at the very
minute where we will feel blocked — a point not
yet reached after our 26/30 years of clinical use.
Read Anecdotal Note 2. Increasingly, clinicians
admit that Doppler is not that mandatory for
assessing the content of a vein [1-5]. Gray-scale
ultrasound is a gold standard — a powerful bed-
side gold standard. The usual craze for Doppler
appears ill defined to us; read Anecdotal Note 3.

Let us apply our probe on this patient we care
to. Let us apply it correctly, i.e., like a fountain
pen, at zero pressure. Just enough pressure for
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Fig. 18.2 A lymph node. Transverse scan of the neck.
This “M” may be a venous thrombosis, a tissue-like mass
detected outside the artery. The Carmen maneuver imme-
diately shows this is an enlarged lymph node, egg shaped
when scanned. The arrow designates the shifted and flat-
tened internal jugular vein

having an image on the screen. Holding the probe
another way would compress the vein, making it
invisible on the screen (see Fig. 1.1). Decreasing
the pressure up to the “zero pressure” level would
progressively show the collapsed vein. Remember
that an external operator must be able to withdraw
the probe from the operator’s hand without effort.

Let us apply the probe in the short axis of the
vessels (this makes their detection immediate;
see next section). Let us first rule out all what is
not vascular. Round images can be vessels, but
also cysts, lymph nodes, and hematomas
(Fig. 18.2). No need for Doppler: just a Carmen
maneuver shows that a lymph node has a begin-
ning and an end, whereas a vessel has no end.
Now we know we are scanning vessels. Muscles
(sternocleidomastoidian for the internal jugular
vein) are usually flat, not tubular.

Then the vascular pair is identified. Apart
from rarities (brain, saphenous veins, etc.), there
is one vein per artery (Figs. 18.3 and 18.4).
Cross-sectional scans immediately show this
pair. If the pair is not well seen, the Carmen
maneuver is done until the image quality is opti-
mized. Then the probe is held standstill. For
keeping ultrasound a simple discipline, we advise
to position the probe always perpendicular to the
skin, above the area of interest, avoiding these
sophisticated oblique approaches (see Fig. 1.1).

Fig. 18.3 Normal right internal jugular vein. Cross-
sectional scan. The vein is located outside the artery (A)
and has a round shape, a caliper of 13x20 mm, and an
anechoic content. Note the vagus nerve behind the angle
between the two vessels. It is difficult for us to understand
what a vascular probe would add in terms of resolution,
when compared to our universal microconvex probe

Fig.18.4 Normal jugular internal vein, long axis. In this
scan, the vein lies anterior to the artery (A), a rare (not
exceptional) finding. Note this 1982 technology, taken
here on purpose for showing that even this system was
fully suitable at the bedside

So now, which tube is the vein? A few of the
following criteria is sufficient for immediate
recognition. This is really easy for central veins,
more subtle at distal veins, yet not an issue (read).
1. Central veins (jugular, subclavian, caval veins)

(i) The vein is the one which is at the ana-
tomical location of a vein (see again
your anatomic lessons).

(i1) The vein is the one not perfectly round
in cross-section: it is more or less ovoid,
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even concave and sometimes collapsed,
whereas the artery is always round
(aneurism apart).

The vein is the one, in long axis, with
walls quite never fully parallel, as
opposed to the artery.

The vein is the one with ample, respira-
tory movements — or no movement —
whereas the artery has pulsatile systolic
variations, visible on real time. On
occasion, the vein has a complete inspi-
ratory collapse. On occasion, we see
superimposed cardiac-rhythm varia-
tions in large veins, especially in the
case of tricuspid regurgitation, but these
variations are not the abrupt systolic
expansion seen in the arteries. The vein
flattens on spontaneous inspiration and
enlarges on mechanical inspiration.

(v) The vein is the largest of both, since 2/3
of the blood volume is stocked in the
venous compartment.

The vein may contain fine valves (see
Fig. 12.4 of our 2010 Edition), and the
artery may contain coarse calcifica-
tions, never the opposite.

The normal vein content is rather less
echoic than the artery.

A particular flow can on occasion be
seen in a vein, never in an artery.

(ix) When all these clues fail, a compression
can then be attempted; only a free vein
should collapse (see above).

2. Distal veins (femoral to calf veins) (iliac
often)

At these areas, the features from 2 to 8 are
increasingly more subtle. In practice, the com-
pression step is more readily done. If one vessel
begins to collapse, this vessel tells us it is the
vein. If none of the vessels collapses, we know
that one of them is a thrombosed vein, the other
an artery (read Sophisticated Note 1). No mat-
ter which is the vein, the BLUE-protocol is
positive. For those willing absolutely to know
which one is the vein, a comparison with the
other side shows the venous location (provided
there is no exceptional bilateral venous throm-

(iii)

(iv)

(vi)

(vii)

(viii)

bosis, of course). The few who will not be con-
vinced will use the Doppler function, i.e., buy a
Doppler machine.

3.Long-Axis Scans Are Not Performed

They make ultrasound more difficult. A slight
rotation upsets the pattern in a long-axis view,
whereas it does not affect a short-axis one (see
Fig. 1.2). Let us remind that the words “longitu-
dinal” and “transversal” are anatomical, body
landmarks, whereas long axis and short axis
regard only a given vessel.

For subclavian vein cannulation, we advocate a
long axis (but this is no longer the BLUE-protocol).

We always use the Carmen maneuver, which
allows, once a short-axis view of the vein is dis-
played, to see a centimetric bit of its distal and
proximal aspect in a few seconds. In other
words, we are short axis and long axis simulta-
neously in some sort.

4. Compression Is Not Performed:
Not Systematically

Teachers have accustomed us to compress the
veins for checking if they are thrombosed. This
rather popular habit means skipping the first step
of the BLUE-protocol, i.e., first observing the
vein. This also maybe means that the usual “vas-
cular” probes do not provide such a perfect image
resolution. Using our 1982 technology, we are
accustomed to see venous thromboses directly
(Fig. 18.5). In the BLUE-protocol, “controlled
compression” means slight compression, or no
compression at all. When a static analysis has
detected a DVT, this answered the question, and
the compression technique is of no interest, pos-
sibly dangerous for no benefit.

We often see that when young doctors assess a
vein, they compress it suddenly, at the moment
they see it, without a breath, without a time for
observation. The vein will not suddenly jump
somewhere else. We must take time to locate
it in the gunsight, aim, and then shoot without
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Fig. 18.5 Subocclusive thrombosis. Echoic image indi-
cating a thrombosis of the jugular internal vein. The free
lumen is reduced to an anechoic moon shape. A slight
compression maneuver should make disappear this free
lumen; an increased compression should initiate an escape
sign. Cross-sectional scan of the cervical vessels (A, artery)

exaggerated haste (please, just identify the enemy
before shooting!).

A normal, free vein appears homogeneous.
Sometimes anechoic, sometimes just hypoechoic,
mostly depending on the local acoustic condi-
tions, but it appears always homogeneous — apart
from ghosts, easily spotted. Like some microcli-
mates, some areas quite always have a favorable
surrounding: jugular internal vein in particular. In
these cases, the static approach can be considered
a gold standard: “black means free.” The com-
pression here is really redundant. Subclavian and
femoropopliteal veins are usually black gray.

A visible DVT yields static and dynamic
signs. The dynamic signs are striking and would
convince any reluctant academician, yet they are
redundant to our opinion.

Static Sign: The Anatomical Image
Once we have chosen the correct unit, the correct
probe, the correct probe holding, the correct axis
(short axis), and the correct pressure, at the cho-
sen location, we can now see the ultrasound image
and interpret it. A thrombosis can be nonocclusive
or occlusive. When it is nonocclusive, the eye of
the operator immediately detects two anomalies:
e There is a contrast between the anechoic (or
hypoechoic) tone of the circulating fluid, and
the more echoic tone of the thrombosis.

Fig. 18.6 Jugular internal vein floating thrombosis.
Blatant thrombosis and comparative look. There is no
video but such thrombosis, surrounded by the blood-
stream, is by definition floating. This figure exploits the
concept of the best compromise: this is the reprint of a
reprint (original long lost), but in spite of the degradation,
this image clearly demonstrates the disease. These pat-
terns were observable at the bedside since 1992.
Ultrasound is really a gold standard

* The shape of this supposed thrombosis is well
defined and convex, with well-defined bor-
ders: a shape of cumulus or cauliflower.

This allows an immediate recognition
(Figs. 18.5 and 18.6).

When the thrombosis is occlusive, these two
patterns are no longer available, but it is some-
times possible to see a tissue-like, heterogeneous,
irregular pattern, standstill, striking in Fig. 18.7,
and see Fig. 28.8. This semiology is striking
when the caliper of the vein is large, increasingly
more subtle when this caliper shrinks. Each time
this pattern is not easily detected, the compres-
sion will confirm the diagnosis.

Simple, real-time ultrasound informs that such
thromboses are more or less occlusive (Fig. 18.7),
more or less extensive (Fig. 18.7), more or less float-
ing (Fig. 28.10 and Video 28.1), and more or less
infected (see Fig. 28.11). Extensive, floating,
infected cases are probably more severe than others.
Really, ultrasound has the power of a gold standard.

Some signs of ours:

* The sequel sign: the image of (suspected)
thrombosis is prolonged downstream (or
upstream) by an image clearly identified as the
patent vein.

¢ The echoic flow. In some machines (at least,
the old ADR-4000), it was possible to see
echoic flows through the veins (see Fig. 13.14
of our 2010 Edition). This informed on the
flow (not a big deal in our duties), a possible
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Fig. 18.7 Occlusive and extensive jugular internal
venous thrombosis. Long axis. We can measure at least a
6 cm extension. Note the echoic, tissue-like standstill
echogenicity, making the diagnosis of thrombosis

tricuspid regurgitation (sudden inversion of
flow in rhythm with respiration), and mostly
the venous patency.

Dynamic Signs
The Floating Thrombosis
The floating character of a DVT, although spec-
tacular, does not add a lot to the diagnosis of DVT;
it is rather a prognosis indicator. A blue patient
with a floating DVT is, clearly, at the highest risk
of sudden death. In the BLUE-protocol, floating
patterns are rarely seen. They were likely present
just before the sudden drama (i.e., patients we
don’t see). They are much more often seen in the
ICU, within the CLOT-protocol, presented in
Chap. 28, where a video is available (Video 28.1).
For floating DVTs, ultrasound appears to us as
a gold standard, making venography fully obso-
lete, without long descriptions.

The Adynamic Vein

A more subtle dynamic sign is the absence of
dynamics. Free upper veins (internal jugular, subcla-
vian) have usually ample movements in spontaneous
breathing (negative inspiratory pressure). A stand-
still upper vein suggests thrombosis (Fig. 18.8).

Some Particular Images of Thrombosis
Incipient Thrombosis

Between blood and clot, there is a short transient
step. The vein is soft; we are quite sure such a
vein can be flattened by the probe pressure, but

Fig. 18.8 Occlusive thrombosis of the subclavian vein.
Short axis. The vein is incompressible. The right figure, in
M-mode, depicts a sensitive sign of occlusive thrombosis:
complete absence of respiratory dynamics of the vein

Fig. 18.9 Incipiens thrombosis. Diaphanous curls are
floating, dancing likes wreaths, in the lumen of this internal
jugular vein. A part is fixed against the wall. This pattern
appears as the first step of a rising venous thrombosis. This
figure was taken in a night shift in 1989 with the ADR-
4000. Just by looking at this potential, we had the feeling
that bedside ultrasound was a giant, just (deeply) sleepy

we never tried (we hesitate to compress). A kind
of diaphanous image is visible within the venous
lumen, partly fixed against the wall, partly freely
floating, and nearly dancing (Fig. 18.9). A day
later, a complete thrombosis is usually present.

Thrombophlebitis
It is dealt with in the CLOT-protocol, Chap. 28.

Images Which Are Not Thrombosis

We will not come again on the lymph nodes,
cysts, and hematomas, but on ghost artifacts. The
BLUE-protocol believes in ghosts. They exist,
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Fig.18.10 A ghost. Ghost artifact. This echoic image, in
the lumen of the left internal jugular vein, has hyperechoic
pattern and regular shape. It appears fully motionless on
video. A very soft pressure of the probe pushes this image
outside and completely collapses the lumen, proving its
artifactual nature (A, left carotid artery). Note the oblique
course of this artifact (created by strongly reflecting sur-
rounding structures)

Fig.18.11 Another ghost (at the aortic bifurcation). This
vessel is nicely exposed using our 1982-tech ADR-4000
(arrows, primitive iliac vessels). The ghost is rather paral-
lel to the long axis, there is a strongly hyperechoic struc-
ture (fat) just surrounding the aorta (in addition to a slight
acoustic enhancement). Seen within a vein, this pattern
should not scare. It would be completely motionless. It
would vanish if using a perpendicular scan

and one task is to recognize them and respect
them. They are usually created by hyperechoic
surrounding structures. No need for ghost detec-
tors: these artifacts are regular, hyperechoic, and
geometric (usually horizontal/vertical, some-
times following the surrounding structures, like
in Fig. 18.10 and 18.11): the ghost looks like a

cirrhus (i.e., rather linear) and never anatomic
like a cumulus. It is motionless. In case of persis-
tent doubt, a slight compression will compress
the vein, and the ghost will quietly disappear,
without any escape sign (see below), yielding
complete collapse of the vein.

5.Compression (If Performed)
Is Controlled

Controlled compression means either no com-
pression, as seen, or mild compression. A mild
compression is fully sufficient for collapsing a
normal vein. A strong pressure would crash a
thrombosed vein (and conclude to a normal test).
A strong pressure may dislodge an unstable
thrombosis [6]. A strong pressure may result in
collapsing an artery (especially if the blood pres-
sure is low).

The physiology has taught us that the venous
pressure is low. Therefore, a very slight pres-
sure is more than sufficient for collapsing a nor-
mal vein in most cases (some cases of extreme
venous hypertension excluded). It is not only
sufficient but also mandatory. We fear the
effects of a tough compression on a fresh, float-
ing thrombosis, which may create a sign which
we called the sudden death sign. At best a sim-
ple chest pain, which may be it is true highly
suggestive of pulmonary embolism, but not, it
is true too, a fully elegant sign. If schools teach
to compress, but don’t specify how, we must be
ready to face from time to time this “sudden
death sign.”

When Do We Eventually Perform

a Compression?

In these distal areas where the venous content is
often a bit echoic, occlusive thromboses are less
obvious to diagnose. The compression maneuver
will be done more rapidly.

How Do We Perform Soft Compression

Let us take a breath and make a slow motion of a
compression maneuver. What happens? When a
normal vein is softly and slowly compressed, the
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Fig. 18.12 Non-escape sign — normal compressibility.
The shrinking sign. This patent common femoral vein is
here slightly compressed. M-mode clearly indicates that
the distal wall moves toward the proximal wall, which
seems standstill. This is the expected dynamic in a normal
compression maneuver. The whole of the underlying soft
tissues begin to shrink in concert with the venous lumen
(in this incomplete compression)

walls are seen getting nearer to each other. More
exactly, one can see the distal wall coming toward
the proximal wall, which seems apparently stand-
still. We slightly increase the pressure, quietly.
The more the pressure, the more the distal wall
moves toward the proximal wall (Fig. 18.12).
Eventually, the distal wall reaches the proximal
wall, resulting in a complete collapse of the vein
using mild pressure. Both the venous lumen and
the soft tissues surrounding the vein are seen
shrinking; we may call this sign the shrinking
sign. There is a kind of acceleration at the end;
both walls seem to attract and slap against each
other. The normal compression maneuver should
reach this 100 % result, i.e., a complete (not
95 %) collapse of the vein (Fig. 18.13). Small
footprint probes, i.e., our microconvex one, have
the perfect design for making this dynamic pat-
tern easy to observe. The operator should be
accustomed to feel the necessary pressure to
obtain this result (Anecdotal Note 4).

Exceptionally, for external reasons (body hab-
itus, soft tissue edemas), the necessary pressure
is higher than usual. Just a bilateral analysis will
help here, showing that the effort for compress-
ing is symmetrical.

Fig. 18.13 Fully compressible subclavian vein. The left
image shows how the subclavian couple immediately
appears on a longitudinal scan below the clavicle. The
right image shows the complete collapse of this vein when
pressure is exerted by a probe (arrowhead), helped if
needed by the Doppler hand. Cross-sectional scan of the
subclavian vein (V), with the satellite artery (A)

Rule No. 1 in critical ultrasound, the probe is
perpendicular, exactly at the zenith of the vein
before compressing. It must stay in this axis
when compressing.

How many hands? When there is a bone
behind the vein, one hand is sufficient. In three
strategic areas (Fig. 18.1), the absence of bone
needs the use of the “Doppler hand” (see below
about the lower femoral vein). This is why we
permanently need our two hands (and why we
feel fully comfortable with machines on carts and
are a bit embarrassed when using, in hospital
settings, pocket machines which monopolize one
hand, among several points; read Anecdotal Note 5).
Do not forget that the described technique in this
chapter is mainly useful in the SESAME-
protocol, i.e., cardiac arrest.

6.A Sign Absent from the Textbooks:
The Escape Sign

Instead of “savagely” compressing the vein with
haste, immediately once seen, let us again do it
softly, in a kind of slow motion.

A compression maneuver affects not only the
vein, but all surrounding tissues. When a vein is
fully thrombosed, under compression, the whole
vein is seen moving, both proximal and distal
walls keeping the same distance, whereas the soft
tissues are seen shrinking. This contrast is what
we call an uncompressible vein: no shrinking
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Fig.18.14 The escape sign. Left, the vein (arrows). Then
the compression is made. The right figure illustrates the
phenomenon of the escape sign. In spite of a probe pres-
sure sufficient for shrinking the soft tissues, and moving
the vein in one go, the walls of the vein remain parallel,

sign. The thrombosed vein behaves like a sausage
(a blood sausage so to speak).

Around the vein, the soft tissues shrink, under
the pressure. This results in the feeling that the
thrombosed vein escapes. In the BLUE-protocol,
this contrast between the shrinking of the soft
tissue and the non-collapsibility of the vein has
been labeled the escape sign.

The pressure of the probe succeeds in displac-
ing the vein (relatively to surrounding tissues),
but not in collapsing it.

The escape sign can be standardized: by locat-
ing in the image a deep and a superficial structure
well visible (any aponeuroses), we estimate that a
20 % (approximately) shrinking of these soft tis-
sues with no change of the venous caliper is an
escape sign (Fig. 18.14 and Video 18.1).

When a normal vein is compressed, its volume
decreases, but its pressure remains unchanged,
until it is completely collapsed. When a throm-
bosed vein is compressed, the pressure immedi-
ately increases (which can lead to the previously
described ‘““sudden death sign”).

This is critical, since in many instances (agi-
tated patient, focal tension of the soft tissues,
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without initiating any collapse. Slight detail, the walls in
M-mode (arrows) remain strictly parallel and flat. If one
does this on an artery, one would see eventual systolic
expansions, recordable in M-mode

some morphotypes), the soft tissues do not shrink
well. In these situations only, we are authorized
to apply a higher compression.

A slight probe pressure is sufficient for initiat-
ing the escape sign. With experience, this is suf-
ficient for the diagnosis. The escape sign makes
us interrupt the compression maneuver. Any
additional pressure intensifies and confirms the
escape sign, but increases the risk of dislodge-
ment. In a partial occlusion, the slight compres-
sion maneuver easily collapses the free lumen
(Fig. 18.5) and then initiates an escape sign. It
should be emphasized and repeated that a moder-
ate probe pressure is necessary and sufficient to
collapse a normal vein.

7.The BLUE-Protocol Does Not
Restrict to Two-Point Protocols

Now the question is: where shall we apply our
probe?

We heard of these protocols, called “four
points,” that we call “two points”: one of the
common femoral vein and one at the popliteal
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vein make two. These protocols are popular in
emergency rooms; they work when the patient
has local trouble. Such protocols are providential
in the overcrowded ER where the main goal is to
relieve this chronic pressure. This does not work
in the BLUE-protocol where the patient is in
acute respiratory failure and the question is rather
to find where is, if any, the remaining thrombosis.
This makes a philosophy opposed to the tradi-
tional ER protocols.

The perspective of scanning the whole venous
network may scare. The BLUE-protocol answers
this issue by proposing a sequential scanning
based on a 26-year analysis of files, answering
the question asked above. Once a DVT has been
seen, the BLUE-protocol is over.

Obviously, the venous analysis should follow
the clinical point of interest (painful leg); we
assume for schematizing that there is no clinical
sign of DVT.

The decision tree follows the most frequent
locations and may appear hectic, because it
assesses some points at the lower extremity and
then jumps on the upper axes and then, if nega-
tive, comes back to other points of the lower
extremities. This is just a way to expedite the
BLUE-protocol. One can scan more, but this
does not affect the initial therapy.

This is the sequential order of the BLUE-
protocol (readers can adapt it at will; some can
make step 5 before 4; we just optimized the
speed):

1. Common femoral vein

2. Lower part of the femoral vein, just above the
knee

3. Calf vein (at mid leg)

. Jugular internal and subclavian veins

5. If all is negative, jump to the middle femoral
vein

6. Popliteal vein for concluding

This allows for a really fast protocol, 3 min or
less as published [7]. On the 3 min of the BLUE-
protocol, 2 min is devoted to the veins (when they
have to be assessed), making this assessment the
longest part. It is the longest, but anyway pro-
vides a diagnosis in 3 min or less. We again
remind that the BLUE-protocol aims at an overall

N
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Fig.18.15 A common figure: the common femoral vein.
Cross-sectional scan at the groin. The absence of apparent
separation between artery (A) and vein (V) is due to a tan-
gency artifact, hence this peanut pattern. We heard about
a Mickey Mouse sign in the near area, an image which
would be of interest for very young students. For those
interested in nerve blockade, the nerve (N) is featured

90.5 % of accuracy, and the physician is free to
use more time for making better.

Let us see these locations, in the sequence of
the BLUE-protocol.

Common Femoral Vein

There is little to say; this area is now familiar to
an increasing number of physicians. For the lag-
gards, this vein lies inside the femoral pulse
(Fig. 18.15). The deep femoral vein leaves the
main axis and goes toward the femur, whereas the
superficial femoral vein (a strange name for a
deep vein) descends, vertical, inside the femur,
up to the knee. On occasion, the femoral superfi-
cial vein is duplicated, yielding two venous chan-
nels surrounding the artery.

The static approach is rarely contributive.
There is not enough space for floating patterns
apart from rare cases. The compression is useful
here.

This area is found to be positive in one-quarter
of our patients. With a 99 % specificity, this
unpublished data means that one-quarter of all
patients with massive pulmonary embolism gen-
erating acute respiratory failure and admission
to the ICU will be diagnosed after one venous
shot. If this area is free, we resume.
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Fig. 18.16 The Doppler hand at the V-point. This figure
shows how easily the lower femoral vein is studied using
a two-hand compression, making Doppler useless. The
microconvex probe has the ideal shape for this use. See
how it can be applied everywhere, in any incidence. Note
how the right hand gently holds the probe while firmly

Lower Femoral Vein: The “V-Point”

Shortly, critically ill patients are supine, and this
is an easy-to-access area. The manufacturers will
probably tell you: “We are sorry, but here, you
assess a segment which cannot be compressed.
You really need Doppler, Sir.” And the radiolo-
gists will solemnly approve: “He is right, this is
an uncompressible area.” This belief has made
the delight of those who sold Doppler equip-
ments. Considering that we have two hands, we
will just use our unoccupied hand as a counter-
pressure, to be applied opposed to the probe. By
the way, critical ultrasound is permanently prac-
ticed using both hands, which constantly interact,
like in any physical examination.

A minimal expertise is needed at the begin-
ning for understanding how to make an efficient
V-point maneuver. Several attempts should be
done (usually, the hand is not at the exact level of
the probe, usually the free hand is too deep), but,
once the user has found the correct point, it
smells like a small victory, hence the “V” (“V”
for victory against the Doppler philosophy). The
probe is in a transversal scan, roughly located
one patella above the patella, scanning the short
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lying on the leg. At the right, the ultrasound image (trans-
versal scan of lower thigh). The femur generates frank
shadow (star). The femoral vessels are seen within the
femur (arrows). Which one is the vein? The compression
will tell (among other signs)

axis of the vein (Fig. 18.16). The free hand is
positioned exactly on the other side than the
probe. The fingers should surround the biceps,
and then compress. The probe and the free hand
make a simultaneous rapprochement, 3/4 from
the free hand, 1/4 from the probe hand (Video
18.1). A very soft pressure from the fingers of
the free hand is sufficient for easily collapsing a
normal vein. Another reason for using Doppler
is pulverized. This maneuver, called facetiously
the “Doppler hand” by Marcio and Bianca
Rodriguez (from Porto Alegre), is achieved in a
few seconds.

Advantage: it seems to us and most users
much easier, and more accessible, than the popli-
teal veins. It is a good compromise between the
common femoral vein, easy but not very sensitive
(only one-quarter), and the calf vein, more diffi-
cult technically.

A positive V-point (i.e., a DVT at the Hunter
canal) is frequent, and the association “common
femoral” plus “V-point” is positive in half the
cases. This means that, at this step, half of the
patients have a positive BLUE-protocol for pul-
monary embolism.
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The Calf Veins

This deserves a specific section (see below). It
will just allow two-thirds of the patients to benefit
from extremely fast diagnosis of pulmonary
embolism.

The Jugular Internal Vein

and Subclavian Vein

The technique for the jugular internal vein has no
peculiarity. This location is extremely frequent in
the intensive care unit. See about the CLOT-
protocol in Chap. 28. For the subclavian vein, the
“Doppler hand” is used, inserted above the clavi-
cle, compressing softly with the finger tips while
the probe is held below the clavicle. With roughly
4 % of positive findings, this fast analysis is of
interest (Fig. 18.8).

The Midfemoral Vein

We exceptionally (roughly 2 %) see such loca-
tions, i.e., surrounded by free upper and lower
segments.

The Popliteal Vein

This area is assessed in 20 % of cases (all those
with negative previous steps) and seems useful in
less than 1 % of cases, yet by adding and adding
small numbers, we reach the roughly 80 % over-
all sensitivity. With the usual equipments (long
and large linear probes), we find this approach
technically feasible but more complicated than
the others. The patient that does not help (too
tired) will not take the prone positioning. In
supine patients, each centimeter of length saved
makes the test easier. See Fig. 18.17.

Is It Enough? How About the Other

Veins? lliocaval Veins? Others?

The interest of this sequence is that, in an extended
series (on submission), the rate of DVT finding
(81 % in the native article) stabilizes at 78/79 %.
This rate will maybe now slightly increase if we
fully include the right pulmonary artery in our pro-
tocol (see this approach of interest in Step 2 of the
SESAME-protocol, Chap. 31).

vein
Supine
patient

Probe length

88 ' mm
3

Fig. 18.17 Popliteal vein using our microconvex probe.
Posterior cross-sectional approach of the popliteal fossa,
showing the vein (V), generally single, and the artery (A).
In the cartouche, our 88 mm-long probe

The caval vein is not included in the BLUE-
protocol. We really think that just before a mas-
sive pulmonary embolism, aniliocaval thrombosis
is probably very frequent, but rarely after. Caval
or iliac thromboses, isolated, i.e., with free com-
mon femoral vein, were not seen in patients of
the BLUE-protocol with massive pulmonary
embolism. Since these locations are slightly more
difficult (iliac mainly) and disappointing because
of body habitus (disturbing gas are seen in not far
from half cases), this decision, of no consequence
in our data, expedites the learning curve.

We hypothesize that when a patient develops a
DVT, the calves are first involved, and then the
DVT quietly invades the popliteal and femoral
areas, before quietly propagating to iliac and then
caval veins. These veins are large, and we assume
that iliocaval thromboses are always floating
there. Then the accident occurs, suddenly making
iliocaval veins free from DVT. This is why we do
not advise to spend too much energy in these
areas. In the CLOT-protocol, which is an antici-
pating test (learn about it in Chap. 28), they are
under extreme care.

The inferior caval vein is dealt with in the sec-
tion on CLOT-protocol of Chap. 28. The superior
caval vein was, for simplifying, withdrawn from
this chapter. See its analysis in Chap. 30 devoted
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to hemodynamic assessment. The left brachice-
phalic vein is sometimes visible anterior to the
aortic cross using a suprasternal route and the
microconvex probe. This segment is skipped for
keeping this chapter simple.

Note: users not fully accustomed to anat-
omy can simply detect one vein, and follow
step by step where this vein runs through other
territories, since all the vascular network is
connected.

8. Calf Veins: The “Forbidden Zone”

A calf DVT is a major finding.

Why does the BLUE-protocol pay major atten-
tion to the calf veins? Because it searches for pul-
monary embolism, and the test is concluded once
a DVT, even at the calf (especially at the calf), has
been found. The patients of the BLUE-protocol
are critically ill. Our manuscript was rejected sev-
eral times for the allotted reason that a calf throm-
bosis is not a major problem and does not
embolize, which is true [8]. Read, if not hurried,
Anecdotal Note 6. We are sure that no doctor is
worried by isolated calf vein thromboses. Even if
though, the more the number of segments are free,
the lower the probability of deadly surprises
according to the Grotowski law (read Anecdotal
Note 7). Our reviewers think, rightly, that death
does not come from isolated calf thrombosis [9—
13] but from iliofemoral extensions [14—17]. We
respect them; they just forgot that here, we see a
patient who has already embolized. And the more
the patient is critically ill, the more the possibility
of detecting only a distal remaining thrombosis (if
any) is high. We do not treat this small DVT, we
treat the severe pulmonary embolism. Comprising
this area in the protocol allows to count 20 %
more patients as positive.

Why is this area a “forbidden area”? Indeed,
these 18 vessels (two per artery, three arteries
per leg) make a small world. But we think that
the community has increased this “difficulty.”
By using the posterior approach, vascular
probes, long-axis views, and Doppler and,
mostly, by confiding ultrasound to radiologists,

who have been educated to making comprehen-
sive examinations and would be reluctant not to
provide a 100 % confidence test to the first-line
physician, the community has superadded all
difficulties.

How do we proceed? By erasing these diffi-
culties one by one. For this, we made the oppo-
site of the traditional protocols.

First, not radiologists, we can assume a non-
“100 %” result in these cases. Having all other
data in mind (i.e., making an extended BLUE-
protocol even unaware of this), we can accept this
limitation. A critically important reminder is that
the BLUE-protocol takes into account only the
positive findings.

The (critically ill) patient is kept supine.

The microconvex probe is used.

It is inserted anteriorly.

It is applied in the transversal axis of the leg.

Venous Detection

And now, we can standardize landmarks
(Fig. 18.18): the leg bones, the interosseous
membrane, and the posterior tibial muscle are
sequentially seen. We skip the tibial anterior
group for simplifying (Accessory Note 2). Now,
the exact location of the (posterior) veins is stan-
dardized: they are applied just posterior to the
posterior tibial muscle. Identifying these vascular
groups is the critical step. These veins in the short
axis appear as holes. These “holes” are small and
can be millimetric, but in the same manner that
we will detect a fly in our soup, we will pay atten-
tion to these structures. Their names? Fibular
group near the fibula and posterior tibial group
near the tibia. Each group is one artery and two
veins. This makes six holes in the short axis
(Fig. 18.18). The six are sometimes so near to
each other that this looks like the long axis of a
vessel, but it is not (this very pattern may even
deserve a label; we will search for one). The
Carmen maneuver is the point which makes the
venous location easy.

Static Analysis?
We have now reached the step where the vein has
been located. From this observational step, can a
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Fig. 18.18 Topographic and ultrasound anatomy of the
calf veins. Left, a transversal section of a calf, showing the
location of the three vascular groups. One anterior to the
interosseous membrane, near the fibula (P), two posterior
to the posterior tibial muscle. Bones, interosseous mem-
brane, and tibial muscle make strong landmarks. 7 tibia.

DVT be detected? Here a place for a static
approach would be too fragile. Usually, throm-
bosed veins are larger than normal ones, but we
regularly see large cross-sections which get per-
fectly compressible. Thrombosed veins are more
echoic than normal ones, but again, this sign is
too fragile. This step is usually not sufficient.

Dynamic Analysis (the Step

of Compression)

The veins are so small that one should operate
like a sniper, with the eye fixed at these vascular
targets. Now, the Doppler hand (free hand) comes
posterior to the calf, and its thumb searches for
the other thumb, while the eye is fixed at the
screen (if not, these small targets risk to be lost).
Importantly, the Doppler hand must just touch
the skin, quite a “negative compression”: even a
simple touch can begin to shrink normal veins.
The free hand softly catches the posterior calf
with zero pressure and softly initiates the com-
pression. Normally, it results in a shrinking of the
soft tissues, with a progressive and complete col-
lapse of the veins, i.e., four targets. Two targets
remain open: the arteries. The number “four”
should not be an obsession, even a partial vision
of these four veins is sufficient in some difficult
cases; read below. If the “Doppler hand” com-
pletes the compression at higher degree, the small
arteries become pulsatile. This change is a way,

Right: ultrasound correlation, same landmarks, anterior
approach. About 2 cm posterior, through the posterior
tibial muscle, the tibial posterior and fibular veins are vis-
ible, inside the location of the letters P and T: P, shadow
of the fibula. 7, shadow of the tibia. Anterior group
slightly visible between fibula and upper arrow

not developed in this textbook, of showing the
absence of arterial obstruction without, once
again, using Doppler. A calf DVT shows (usu-
ally) large, gray tubules which above all do not
compress, associated with the escape sign, and a
contralateral normality. All these points are gath-
ered in Videos 18.1 and 18.2.

Is It Always That Easy?

In 80 % of cases, it is. Simplicity was optimized

at each step. Three ways are possible:

1. The venous groups are identified. They are
compressible. A compression at one point is
done in a few seconds and rules out local calf
thrombosis. The probability of thrombosis
decreases with the number of measurements.
A comprehensive analysis would be time-
consuming, with the risk of not reaching the
100 % of volume scanned, and here, we agree
for making reasonable one-, two- or three-
point protocols. The ultrasound report will
describe a calf venous system free in one, two,
or three points.

2. A pathological structure is identified: tubular,
noncompressible, echoic, enlarged, and yield-
ing an escape sign (Fig. 18.19) and a sequel
sign. Calf thrombosis is quasi-certain.

3. No tubular group is easily identified. The oper-
ator fails in locating the venous targets. This
happens in 20 % of cases. Read next section.
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Fig. 18.19 A calf venous thrombosis. In this transverse
anterior scan, an enlarged structure is visible, at the nor-
mal place of a posterior tibial vein. This structure is tubu-
lar on dynamic scanning, and not compressible using
the Doppler hand, as opposed to the contralateral one. The
letters labeling the bone shadows (P fibula, T tibia) are
located at the level of the veins (at roughly 4 cm)

What to Do in Those Difficult Cases

Several factors explain the difficulty, some being

accessible to simple maneuvers:

1. Because the calf veins are saccular. What is
not seen at one level may be more easily seen
1 mm above or below. The solution is there-
fore a (very slight) Carmen maneuver.

2. Because of insufficient filling of the veins
(hypovolemia?). For filling them, one can use
fluid therapy, or this maneuver: a tourniquet
applied above the patella, at the V-point (by
definition free of thrombosis). It stops venous
return, which usually enlarges the venous
cross-section. Pulmonary embolism, by
increasing the venous pressure, should enlarge
the veins, but we see often small or collapsed
veins, including the IVC (we will carefully
assess this point).

3. Because of an iso-echoic thrombosis (iso-
echoic to the surrounding structures). This is
up to now a pitfall, but this would also result
in an isolated artery: a fully unusual event. A
Carmen maneuver would possibly show a
tubule satellite to the artery. Devoid of tradi-
tional gold standard, we cannot conclude.

4. One can try the “Mocelin variant” (a term
designed when the approach begins by the

conclusion, i.e., not academic, sometimes
very helpful). We compress, without knowing
where the veins are. If we happen to see small
structures touching each other under compres-
sion, they prove to be veins —normal veins. To
be used when really nothing works.

5. One can still try lateral approaches, posterior
to the tibia, or sometimes to the fibula
(Fig. 18.18). It is more difficult because we
failed up to now to find a standardized way to
detect these veins.

6. Users with Doppler equipment can still use
Doppler.

7. Intrinsic body habitus. Here is not a lot to do.
Let us remind, again, that the BLUE-protocol
works only when a DVT is identified. If not,
but if the suspicion of embolism is high (using
those familiar pre-test probabilities), it is
always time to turn to usual tools. When there
is an A-profile with no visible DVT, the
BLUE-protocol requires to come back to the
lungs. It concludes either to a pneumonia (if
PLAPS) or COPD/asthma (in their absence),
but the user is a “pilot” and must know when
to go beyond this simple protocol when com-
mon sense asks for more. For decreasing the
irradiation (by asking scintigraphy instead of
helical CT), see Chap. 29.

9.The Patients in the BLUE-Protocol
Are Critically lll: They Don't Like

to Be Turned in the Prone
Positioning; How About Popliteal
Analysis?

This area, familiar in the ER, is not prioritized in
the BLUE-protocol, as explained above. It comes
last. The vein is posterior in a patient who cannot
be easily turned (Fig. 18.17). The BLUE-protocol
proposes instead the V-point, much easier, and
the calf analysis, much more sensitive.

In addition, the knee is a zone of flexion, one
of the most mobile parts in the human body. We
consider (personal opinion based upon physiol-
ogy) that, similar to a metallic wire, repeated
flexions and extensions should result in weaken-
ing the DVT at this point. Applying the probe at
an area of such instability does not appear as a
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perfect idea, not fully logical, and we prefer to
consider the calf veins, an area appearing much
more “stable.”

There is also a debate between those who
argue they can scan the popliteal vein in all
supine patients and others who find it difficult.
Prone positioning, Valsalva maneuvers, etc., are
irrelevant in the critically ill patient.

In spite of these limitations, the users will once
again appreciate the holistic power of the BLUE-
protocol: we just have to slightly bend the knee,
and insert our 88 mm-long microconvex probe.

10.The BLUE-protocol Is Done
by the First-Line Physician

No comment, read at the beginning of this chapter.

An Eleventh Point?

Definitely. The venous BLUE-protocol can be
used in multiple settings, without any adapta-
tion. It also works in cardiac arrest (Step 2 of the
SESAME-protocol, Chap. 31). From cardiac

/
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X
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Fig.18.20 The BLUE-
protocol, extension of the v
venous branch. This figure
shows the developed item
“venous thrombosis.” This

»~ |

arrest to a simple medical airborne transporta-
tion (ULTIMAT-protocol, Chap. 33) or the visit
at your grandmother who has a slight complaint
at the leg (DVT? Simple arthrosis?), the proto-
col will be applied the same. In between, all
these settings, the emergency room, with leg
pain or all those kinds of troubles, the intensive
care unit, routine scan of standstill patients, the
ward or geriatric department... can make use of
the BLUE-protocol.

We can here evoke the daily question, in the
ER, of the management of a non-critically ill
patient suspected with mild pulmonary embolism
and with negative venous ultrasound scanning. In
order to make a homogeneous textbook, this situ-
ation is detailed in Chap. 36.

The Developed BLUE-protocol

All this chapter generates a change in the decision
tree. As said initially, the short term “venous analy-
sis” is replaced by the current sequence, which
results in making the protocol much simpler
(Fig. 18.20).
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This decision tree does not
aim at providing the diagnosis
It indicates a way for reaching
a 90.5% accuracy when using
lung ultrasound

makes more items, but less
time spent than a
comprehensive scanning

Stage 3
Thrombosed vein
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PULMONARY
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Limitations of Venous Ultrasound
(Reminder)

Natural limitations
Abdominal gas for iliocaval veins.
Fat (plethoric patients) for deep veins.
Natural echogenicity. Some patients are more
difficult to scan than others.
Chronic thromboses (see in text, calf veins).
Pathological limitations
Hypovolemia, when it makes the venous sec-
tion smaller.
Artificial limitations
Dressing (of catheters).
Tracheostomy cord (but see CLOT-protocol in
Chap. 28).
Orthopedic materials (plaster cast at the legs,
cervical collar at the neck).
The more the probe has small footprint, the
less these obstacles.
Confusions with other structures
Real structures:
Lymph nodes, cysts, and hematomas.
Ghosts.
Limitations in the interpretation
A nonthrombosed vein can mean a no longer
thrombosed vein.
Other hindrances
A compression on a painful area. Here, on
occasion, Doppler may be of interest.

Some Main Points for Concluding

The search in extreme emergency of a venous
thrombosis is a raison d’étre of the BLUE-protocol.
The described equipment (one small unit with
immediate switch-on, one unique probe) allows a
3 min scanning. Our multipurpose probe is proba-
bly the most precious tool, since it can explore any
area (lung, heart, vein, belly, etc.). The simple anal-
ysis of the venous content can be sufficient; the
compression is done if there is no visible DVT and
with minimal pressure. Doppler is not mandatory.
Simple approaches can be described at any area,
including popliteal, calf, and superior caval vein.
Large venous thromboses are easily detected,
until the moment they are suddenly no longer visible.

Finding a small distal DVT has major relevance
when massive pulmonary embolism is suspected.

Simple venous ultrasound should be recog-
nized the gold standard.

Accessory Notes
1. Timing

This average timing of 55 s comes

from these data:

10 s necessary for 1/4 of patients
(positive examination at common
femoral vein)

25 s for 1/4 (V-point)

65 s for 1/5 (calf)

85 s in roughly 5 % (jugular/subclavian)

95 s in roughly 2 % (middle femur)

115 s in roughly 1 % (poplitea)

120 s in 1/5 of patients with negative
venous test

2. Anterior tibial veins
The BLUE-protocol simplifies by
not considering the anterior group (sup-
posedly not emboligenic by the way),
although usually easy to detect, just
anterior to the interosseous membrane
and just smaller (see Video 18.2).

Sophisticated Notes

1. Vein or artery?

We open to a theoretical situation, which
may be seen from time to time in a carrier.
When examining a patient with a pulmonary
embolism plus a shock plus a thrombosed
low femoral vein, the compression maneu-
ver may collapse the artery (if the pressure is
superior to the arterial pressure) and not the
vein. Stricto sensu, this may make a false-
negative. Apart from a subtle sign (the col-
lapsed artery will show systolic saccades)
and hoping that the patient will not, pre-
cisely, have a bilateral, symmetrical pattern,
the simplest clue is a comparative view,
allowing to locate the vein (if a left low fem-
oral vein is outside, the right low femoral
vein will also be outside).
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Anecdotal Notes
1. How to transform a microconvex probe
in superficial, “vascular” probe
See Fig. 31.4 which shows, from the
6 mm to 17 cm range of our probe, how
to see even the first 6 mm, for one dollar
(cheaper than buying a vascular probe).
2. Perverse effects of Doppler
The non use of Doppler foday, when
quite all machines are equipped, may
appear futile. There is a section in Chap.
37 explaining in which perverse way
Doppler was, indirectly, responsible for
deaths. In a few words: a high cost, pre-
venting the purchase of machines
which, simpler, would have made sim-
ple life-saving diagnoses, at a period
where doctors were not informed of the
power of simple ultrasound.
3. Craze for Doppler
When we ask physicians why they
need Doppler, we are surprised by the
number of reasons, different from phy-
sician to physician. One of the most
popular, “it helps for recognizing the
vein from the artery.” This distinction is
of high simplicity. It is nearly as imme-
diate as recognizing a cat from a small
dog (see Fig. 3.2).
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Simple Emergency Cardiac
Sonography: A New Application

19

Integrating Lung Ultrasound

The heart, this organ that prevents us to examine the lung.... Ph. Biderman

We use the best of our 1992 Edition, Chap. 20
(the heart), born from the privilege of having
been working in echocardiography in a pioneer-
ing institution [1], a typical spirit of intensive
care, a discipline aiming at reaching its
autonomy.

Even if they have the feeling to master the
heart, readers would find interest in understand-
ing the spirit of this chapter. The heart is a perfect
example for holistic ultrasound. Simple signs, a
simple technique and, mostly, its association with
LUCI define a new field, fully distinct from tradi-
tional echocardiography (even the one devoted to
the critically ill). The consideration of the BLUE-
protocol and the FALLS-protocol will allow to
position our simple emergency cardiac sonogra-
phy between the traditional basic and expert
echocardiography, aiming at making this tradi-
tional separation less necessary. Without lung
ultrasound, the simple emergency cardiac sonog-
raphy as defined would be insufficient. Therefore,
this chapter will be fully understood only if inte-
grated in the following chapters.

Obviously, prestigious works on expert echo-
cardiography Doppler are numerous. They come
from cardiologic fields [2], pioneering intensive
care fields [1], many honorable sources [3],
recent trends [4, 5], and so many sources that we
can cite just a few, humbly apologizing for our
lack of space [6—11]. This chapter will be poor in
references, many hemodynamic references being
inserted in Chap. 30 on the FALLS-protocol.

D.A. Lichtenstein, Lung Ultrasound in the Critically Ill: The BLUE Protocol,

(December 26, 2007)

We use the simple emergency cardiac sonogra-
phy since 1985/1989 and wrote the devoted chap-
ter in 1992 (with no need for acronym; it was not a
fashion in 1992, nor necessary). The basic echo-
cardiography was popularized under several
names, some rather elegant (the dynamic RACE of
McLean, the FEER [12], FATE [13], etc., all now
obsolete in the name of the recent FOCUS) [14].
This shows that, beyond the war of acronyms, the
community took interest in this concept.

For taking the best of our approach, experts
must understand that we deal with the very first
minutes of management, when critical actions
have to be done.

The term ‘““sonography” on the title was cho-
sen on purpose: for most, “Echo” means tradi-
tional Doppler echocardiography, while
“ultrasound” (please note the lowercase) means
traditional abdominal examination by a radiolo-
gist. Cardiology and radiology are two different
worlds. Critical care is a completely distinct
world, with its own logic.

The main protocols of LUCI (BLUE-protocol,
FALLS-protocol, and SESAME-protocol) are
fully cardiac centered. This is obvious for the
FALLS-protocol, which begins by the heart, and
the SESAME-protocol by essence (cardiac
arrest). The BLUE-protocol aims at helping pre-
cisely when cardiac windows are lacking, another
mark of interest. We just consider the heart as a
vital organ like another, and this respect must be
shared with other vital organs.
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Our concept evolves as far as our main articles
were published. We aim at providing a textbook
increasingly complementary to the echocardiog-
raphy textbooks. Consequently, from edition to
edition (1992, 2002, 2005, 2010, etc.), the place
of the heart, rather long in our first one (26 fig-
ures), is now limited to its essentials.

Daily concerns in critical care are mainly
acute respiratory failure, acute circulatory fail-
ure, and cardiac arrest. The habit of looking at the
heart in case of lung disease can be questioned: a
lung approach is more direct. In the case of a cir-
culatory failure, the FALLS-protocol shows that
when one bases all of one’s calculations on the
analysis of only one actor (the heart), this
approach is direct only when the cause of shock
is cardiac (what in passing the BLUE-protocol
also detects using the lung approach). Adding the
lung allows to keep the best of the simple heart.
The amount of information “lost” in terms of
Doppler or transesophageal echocardiography
will possibly be compensated using precious data
that lung ultrasound provides, mainly a direct
parameter of clinical volemia.

So Still No Doppler in The Present
Edition?

Dealing with echocardiography without men-
tioning Doppler or transesophageal approaches
may appear bold today. Having accrued experi-
ence in a pioneering institution in echocardiogra-
phy in the ICU since 1989 [1], the authors came
to the temptive conclusion that therapeutic proce-
dures can be deduced from the observation of
simple phenomena. The integration of the lung
gives birth to a new, holistic approach. The reader
will therefore not take offense if TEE and Doppler
do not feature.

Sophisticated echocardiography has a huge
place in more quiet settings. Topics and terms
such as Doppler physics, measurements of stroke
volume and cardiac output, assessment of LV and
RV function, measurement of filling pressures
and of diastolic function, evaluation of valve
function, determination of preload sensitivity and

of intracardiac pressures, and identification of
adverse subtle flow interactions, none of these
terms is dealt with at the CEURF courses: LUCI
allows to simplify echocardiography and provide
a simple unit, easy to purchase everywhere, using
the same single probe; this is, again, holistic
ultrasound.

The reader must understand that during as
long as necessary, the DIAFORA approach will
be used. Here, a variant of DIAFORA will be
used, “from inside,” i.e., by regular members of
the ICU trained to echocardiography. We write
and will repeat at the end that the ideal combi-
nation in any modern ICU is a comprehensive
unit able of all cardiologic measurements and,
beside, our simple unit as defined. This unit can
be complementary in many settings to the usual
cardiological approaches (read quietly Chaps.
20 and 30).

Do not forget that the expert echocardio-
graphic approach is not an option for most
patients on Earth.

Most figures come from a 1982 technology
(ADR-4000%). Most figures of our previous edi-
tions have been deleted (see our 2010 Edition, or
any classical echocardiography textbook).

The life-saving diagnoses made using the sim-
ple cardiac sonography can be made without
compromise using our 5-MHz microconvex
probe and our slim gray-scale machine.

At the Onset, Two Basic Questions

We raise two about cardiac

sonography.

1. How to see the heart is modestly described in
this chapter (we don’t aim to teach a lot to
experts). Today, the critical care physicians
know where the right ventricle is, what is a
dilated right ventricle, etc.

2. Why do we want to see the heart is a more
critical question, which should be answered in
light of the emergence of lung ultrasound. As
regards respiratory failure, this basic question
will receive an answer in the BLUE-protocol

(next chapter), showing that the diagnosis of

questions
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pulmonary edema pertains to lung ultrasound.
Facing circulatory failure, Chap. 30 will show
that the look to the heart is indirect each time
the cause is not cardiac. In the FALLS-
protocol, after a simplified cardiac approach,
lung ultrasound provides a direct parameter
for fluid therapy. As regards cardiac arrest, the
heart will come fifth in the SESAME-protocol
(Chap. 31).

The Signs of Simple Emergency
Cardiac Sonography Used

in the BLUE-Protocol: What Is
Required?

Nothing, since the BLUE-protocol uses lung and
venous data. Echocardiographic data are associ-
ated to it, not included. LUCI provides a 97%
sensitivity for diagnosing hemodynamic pulmo-
nary edema. The Extended BLUE-protocol adds
points using simple cardiac data.

The Signs of Simple Emergency
Cardiac Sonography Used

in the FALLS-Protocol: What Is
Required?

The acute circulatory failure benefits first from a
clinical examination, which usually provides a
correct diagnosis. When no cause appears, the
FALLS-protocol is initiated. It begins by the
heart. This exploration is limited to two items:
pericardial effusion and dilated right ventricle.

We therefore need to know which machine to
use, which probe, where to apply the probe, how
to understand the structures, and how to recog-
nize the anomalies. The CEURF spirit will be
used for simplifying this part.

Which Machine?

We use the same gray-scale unit used for the
lungs, veins, abdomen, optic nerve, etc., a 1992
technology described in Chap. 2.

Which Probe?

We use the same probe used for the lungs, veins,
abdomen, optic nerve, etc., a 1992 Japanese tech-
nology described in Chap. 2.

Where to Apply the Probe?

Traditional windows (parasternal, apical, subcos-
tal, etc.) have been carefully defined. It is assumed
today that intensivists, emergency physicians, etc.,
control these windows (see Appendix 1). Holistic
ultrasound integrates them, but proposes an imme-
diate, pragmatic solution when the windows are
not perfect. The readers will see that the SESAME-
protocol (Chap. 31) begins by the lung for the
main reason that the fear not to find correct win-
dows is absent from this first step.

As a critical detail, we do not spend high
energy for having perfect cardiac windows,
because we are not cardiologists, especially
those working for other physicians (or even
sonographists, who master this art). In the same
way that you recognize a familiar face at first
sight even if not strictly face/profile, you recog-
nize the cardiac chambers. This critical detail
makes simple cardiac sonography fully different
to traditional echocardiography. The subcostal
approach, very appreciated by intensivists in
ventilated patients since often the only avail-
able, follows this philosophy: it offers a cardiac
view of major interest even if truncated
(Fig. 19.1).

The apical approach gives at last the feeling
that the heart, a complex organ, has a simple
anatomy, since the ventricles are anterior (the
auricles posterior) and the left chambers are at
the right (the right chambers at the left). For once,
things seem symmetrical (Fig. 19.2).

Countless details can help when windows are
lacking. Wait for end-expiration to have a brief
look to the heart. In the subcostal route, taking
some liver tissue can increase cardiac image
quality. The right parasternal route can show
dilated right structures. When nothing works, the
lung will answer many questions.
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Fig. 19.1 Subcostal view of the heart. This approach is a
classic in the intensive care unit. It is a truncated equivalent
of the four-chamber apical view of Fig. 19.2. RV right ven-
tricle, RA right auricle, LV left ventricle, LA left auricle. The
operator should move the probe from top to bottom (Carmen
maneuver in fact) to acquire a correct three-dimensional rep-
resentation of the volumes. The pericardium is virtual here

Fig. 19.2 Four-chamber view, apical window. Here, the
heart seems to be a symmetric structure. LV left ventricle,
LA left auricle, RV right ventricle, RA right auricle. This
incidence allows immediate comparison of the volume
and dynamics of each chamber. Note that the plane of the
tricuspid valve is more anterior than the plane of the mitral
valve. Right auricle and left ventricle are in contact
(arrow), a detail which allows correct orientation

How to Understand the Structures?

The anatomy of the heart is complex. Those who
will compare it to the rather simple ultrasound of
the anatomy of the lung (just two signs) will
make a step toward holistic ultrasound (the next
step is to learn how far lung ultrasound answers
to “cardiac questions”). Any echocardiographic
textbook or costly simulators will show the car-
diac structures. Ultrasound is a good way to
understand, noninvasively, this anatomy.

Normal cardiac anatomy in 20 lines. The left
ventricle is ovoid shaped, with a thick muscle and
a long axis pointing leftward, downward, and for-
ward. It has a base (where the aorta and, deeper,
the left auricle are inserted), an apex, and four
walls: inferior, lateral, anterior, and septal. The
right ventricle has a more complex anatomy and
is wounded around the left ventricle, with a thin
free wall and a thick septal wall. Its volume
assessment is subtle (due to its complex shape,
novices taking a wrong plane will imagine
enlargement where there is no enlargement). Its
apex covers the septum; its base (infundibulum)
covers the initial aorta. The main intracavitary
structures are the valves and the left ventricular
pillars. The auricles are visible behind the ven-
tricles, yet, since we are not cardiologists, they
are rarely of interest. The cardiac muscle is
echoic. The chambers are anechoic. The pericar-
dium is virtual.

Which Measurements?

In the spirit of simple emergency cardiac sonog-
raphy, measurements are not of prime relevance.
In addition, most intensivists have now been
trained and know them. Read Appendix 2. Simple
cardiac sonography is based on visual medicine.

How to Identify Cardiac Anomalies
Pertaining to the FALLS-Protocol?

Pericardial Fluid

This is one of the most basic applications of criti-
cal ultrasound. It is life-threatening, easy to diag-
nose, and easy to treat. A circumferential
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Fig. 19.3 Fluid collection in the pericardial space. The
septations indicate an infectious cause. Note that the effu-
sion (E) surrounds the entire heart: it is visible anterior to
the left ventricle in this subcostal approach (smaller E).
Pleuropericarditis due to pneumococcus

pericardial effusion is detected when the external
border of the heart is outlined by another, larger,
external border, it is really simple to assess
(Fig. 19.3). An equivalent of the sinusoid sign is
found between the parietal and visceral layers of
the pericardial sac during cardiac contractions.
Usually anechoic, fluids can be echoic, septated
(hemopericardium, purulent pericarditis)
(Fig. 19.3), etc., and we avoid to define a pericar-
dial effusion as an anechoic space, exactly like
pleural effusions in the BLUE-protocol.

In exceptional cases, usually postoperative,
loculated effusions can threaten the circulation if
located on strategic areas. Pericardial fat is usu-
ally limited anteriorly, echoic, and devoid of
sinusoid dynamics.

The FALLS-protocol defines as pericardial
tamponade any substantial pericardial fluid seen
in a patient with an acute circulatory failure. The
real-time analysis of the right cavities, showing
chamber collapsus, dramatically increases this
likeliness. The sign of the dancing heart, not used
in the FALLS-protocol, is easy to diagnose. For
other signs, see Appendix 3 and Video 31.1.

Our personal technique of pericardiocentesis
is dealt with in Chap. 31.

Right Ventricle (RV) Volume
There are two reasons to look at the RV in the
FALLS-protocol.

Fig. 19.4 Massive pulmonary embolism. Major dilata-
tion of the right ventricle (RV) in a four-chamber view
using the apical route. LV, left ventricle

Mainly, for Detecting an Enlargement

The RV normally works under a low-pressure
system. Any hindrance to RV ejection, as seen in
severe pulmonary embolism, but also severe
asthma, ARDS, extensive pneumonia will
promptly generate its dilatation [15]. Acute right
heart failure associates early RV dilatation
(Fig. 19.4), a displacement of the septum to the
left, a tricuspid regurgitation (see Video 30.2).

The apical four-chamber view provides the
most objective way to detect an RV dilatation,
defined when its volume is the same as in the left
ventricle or more.

When cardiac windows are poor, one can use
instead either a transesophageal approach or the
BLUE-protocol: the combination of an A-profile
with a venous thrombosis in a patient seen for
acute respiratory failure has a 99 % specificity for
the diagnosis of pulmonary embolism [16]. It
will be seen that the BLUE-protocol works for
blue patients; patients with ARDS are not blue
(under full oxygen, sedation etc.), and different
rules apply; see the CLOT-protocol in Chap. 28.

Pulmonary embolism is a field where every-
thing has been said [17, 18]. TEE sometimes pro-
vides a direct sign (clot in the pulmonary artery).
However, the CEURF protocols have developed a
way of optimizing this approach; read this sec-
tion in Chap. 31.

Note that the place of Doppler (major here
for years) gradually decreases, since the severity
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of pulmonary embolism was correlated with
the degree of obstruction, a data little corre-
lated with pulmonary arterial pressure (not
always elevated in severe cases of embolism)
but better correlated with the RV volume (and
the left/right ratio), i.e., a simple cardiac
sonography [19].

More Occasionally for Detecting a Volume

Decrease

More occasionally, for these reasons:

e A small RV seen in hypovolemia would be
redundant in the FALLS-protocol with the
A-profile.

* A small RV within a substantial pericardial
effusion, in a shocked patient, is quite redun-
dant for the diagnosis of pericardial
tamponade.

Yet since this is not the most difficult part of
echocardiography, holistic ultrasound is fully
opened to include this analysis.

The Signs of Simple Emergency
Cardiac Sonography Used

in Cardiac Arrest (the
SESAME-Protocol)

In the first seconds, tension pneumothorax (lung),
pulmonary embolism (lung and veins), hypovole-
mia (abdomen, pleural cavity, etc.), then a peri-
cardial tamponade (see above) are sought for.
The heart comes 5Sth. Diagnoses of ventricular
fibrillation, auriculoventricular block, etc., are
sometimes obvious and sometimes subtle.
Asystole is a rather easy diagnosis, although of
limited interest. See Chap. 31.

Signs of Simple Emergency Cardiac
Sonography Not Used in the BLUE-
Protocol, FALLS-Protocol, Nor
SESAME-Protocol

Chapter 30 (hemodynamic assessment of shock)
does not insert basic signs such as the left ven-
tricle contractility in the decision tree, but we
admit it should be really strange not to use these
basic, easy-to-learn signs.

Left Ventricle (LV) Overall
Contractility

How to measure it: the ejection fraction is the most
academic and is not described here. The shorten-
ing fraction, a basic measurement easy to obtain, is
sufficient for having a diagnosis in critical settings.
With a little experience, one can classify without
any measurement a hypocontractile, normocon-
tractile, and hypercontractile LV, what we do since
1990 and what was fortunately recently admitted.
The diagnosis of a LV hypocontractility is done by
detecting a decrease in the amplitude of muscle
shortening (Appendix 2)

Why to measure it: LV hypocontractility in a
shocked patient is due to cardiogenic shock, basi-
cally, and can be seen in septic shock (recent data
suggest that all patients in septic shock develop
the septic cardiomyopathy, more or less occult,
depending on post-charge and other parameters)
[20]. The first condition invites to inotropic sup-
port; the second suggests it with a call for confir-
mation. An exaggerated contractility suggests
that an inotropic option is not useful and that,
according to the principle of the communicating
vessels, the probability increases for the remain-
ing options: vasopressors or fluids (in the FALLS-
protocol, these options will be answered before
the LV analysis, but the physician is free to do the
opposite).

Echocardiography integrated within the
BLUE-protocol will open to multiple subtleties.
For instance, an acute respiratory failure with no
B-profile indicates a suffering of the right, not
left, heart, with the theoretical exception (to be
confirmed) of a major septal interference, impair-
ing the left heart function.

The echocardiographic science has recently
been complicated/enriched by the notion of dia-
stolic dysfunction, which should be responsible
for half of the cases of left heart failure (until new
articles balance these data). Read below.

Hypovolemic Shock
It typically shows hypercontractile LV, small

end-diastolic cavity, and sometimes virtual end-
systolic volume (Fig. 19.5). This approach is not
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Fig.19.5 Profile of possible hypovolemia. Hypercontractile
pattern of the left ventricle. M-mode acquisition in a short-
axis parasternal view. Small diastolic chamber. Quasi-virtual
systolic chamber. Tachycardia. This shocked patient had
abdominal sepsis. The hypovolemia is probable since the
further images improved (contractility, size, frequency) —in
a patient who had by the way the A-profile

used in the CEURF protocols (read Chap. 30 or a
summary in Anecdotal Note 1).
Dilated Cardiomyopathy

One just has to appreciate the size of the chambers.

Hypertrophic Cardiomyopathy

One just has to appreciate the thickness of the
walls.

Chronic Right Heart Insufficiency

One has just to measure the free wall of the RV,

thickened in the case of a chronic obstacle, as
seen in COPD (Fig. 19.6).

A Preview of More Complex Cardiac
Applications Which Are Not Used

in Our Protocols and Rarely in Our
Daily Clinical Practice

This is just a preview, unless this section would
(a bit) look like any echocardiographic textbook.

Fig. 19.6 Exacerbation of chronic right heart failure.
Major right ventricle dilatation. Note the squashed left
ventricle, and the substantial thickening of the free wall of
the right ventricle. Short-axis parasternal view

Diastolic Ventricular Dysfunction

We will not pretend to have the slightest expertise
in this field. Just an observation from a distance
allows us to see, as usual, two opinions. Some tell
it is an easy field, well mastered [21]; others con-
sider it as a whole science of illimited complica-
tions (private talks with Michele Desruennes). Its
frequency is variable according to the schools.
The philosophy of simple emergency cardiac
sonography uses a simple, accessible data, the
hypertrophy of the LV walls (Fig. 19.7), and asks
the question: doesn’t it provide already an inter-
esting piece of information (not arguing to solve
the problem from A to Z)? A thickened LV, even
with a preserved contraction, or an enlarged left
auricle should alert for a diastolic anomaly (free
talks from Drs McLean and Voga).

We will mostly use the help of lung ultra-
sound, because it would show early signs of left
heart dysfunction (whatever the cause: systolic,
diastolic). The BLUE-protocol begins by search-
ing signs of pulmonary edema, i.e., the B-profile.
No B-profile? No LV diastolic dysfunction.

Myocardial Infarction

Ultrasound must be a tool, not a disease. ECG data
allow usual diagnoses, although some advocate
that ultrasound anomalies are visible early, thus
modifying immediate management [22]. The
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Fig. 19.7 LV hypertrophy. The parietal LV thickness is
16 mm. A parietal shock was perceived, synchronized
with the auricle systole, probably indicating a sudden
increase in pressure in a chamber whose volume could not
increase. Long-axis parasternal view. Note the image
quality of this 1982 portable technology. Note: we took
the liberty of using radiological conventions, i.e., head to
the left, feet to the right. This is probably the only detail
we borrowed from the radiological culture

subtle diagnosis of segmental anomalies requires
expertise. Right ventricle dilatation suggests right
ventricle infarction. One advantage of critical
ultrasound is to immediately rule out other diagno-
ses of thoracic pain (pericarditis, pneumothorax,
pneumonia, aortic dissection, etc.).

Endocarditis

Some words about this diagnosis.

First, its rarity is a typical indication to our
opinion for the DIAFORA approach, while sev-
eral blood cultures are performed. There is no
space for arguing that TEE should be the gold
standard. This also regards cases on metallic
valves. However, our experience showed that in
many cases, real-time imaging with a good reso-
lution probe (such as our microconvex one)
shows “something.” This change is usually clear
enough (Fig. 19.8). Instead of the regular, thin
valvular pattern, a pathological image is seen,
thicker, irregular, with hectic dynamics, echoic
like a tissue, and larger at the end of the
valve. A calcification is recognized through its

Fig. 19.8 Endocarditis. Tissue-like mass depending on
the tricuspid valve. A diagnosis of endocarditis in a young
drug addict was immediately made using this subcostal
ultrasound view, quickly confirmed by positive blood
cultures (staphylococcus). M vegetation

hyperechoic superficial pattern and its anechoic
acoustic shadow.

Valvular Diseases

Valvular diseases, issues with mechanical valves,
some mechanical complications of myocardial
infarction, septal rupture, and hypertrophic asym-
metric cardiomyopathies would be beyond the
scope of this book. Specialized techniques such as
transesophageal Doppler echocardiography, used by
specialists, will here provide the best approach [23].
Like endocarditis, in very echoic patients,
overt mitral valve anomalies can be detected
(mitral valve prolapse, valvular thickening, etc.,
diagnosed for cheap without Doppler).

Intracavitary Thrombosis, Tumor,
and Device

Intracardiac thromboses (Fig. 19.9) show scary
images of echoic patterns, sometimes mobile, of
high specificity. For the sensitivity, transesopha-
geal approach should give better results (if a sim-
ple approach did not answer). Right ventricle
normal structures (e.g., papillary muscle) are not
thromboses.
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Substantial

Fig. 19.9 Left ventricular thrombosis.
thrombosis (M) at the apex of the left ventricle. Subcostal
view

Tumors are so rare that we do not develop this
field: make DIAFORA instead.

A too long distal end of a catheter should be
searched for in the right chambers, acoustic win-
dow permitting. Interesting was the ability to
check, in real time, the progression of the Swan-
Ganz catheter through the vena cava, auricle,
ventricle, pulmonary artery, etc.. See Figure 22.23
of our 2010 Edition. One operator inserted the
material; the other guided the distal end of the
catheter using the subcostal approach. Asepsis
could be efficiently controlled. This was around
1991-1993, then we asked, why have an ultra-
sound probe in hand and perform anyway a car-
diac catheterization?

The position of a electrosystolic probe can be
checked in the right ventricle.

Gas Tamponade

This is typical. When cardiac chambers are col-
lapsed by massive gas under tension, instead of
spending energy for trying to have the cardiac
windows (quite always not accessible), our
approach is to see rather the lungs, detecting
immediately the (sometimes bilateral) pneumo-
thorax. We will see that in shock (FALLS-
protocol), this search comes third and, in cardiac
arrest, it comes first.

Gas Embolism

It yields large, hyperechoic echoes, highly
dynamic, with posterior shadow (see Fig. 22.20
of our 2010 Edition). In a supine patient, these
gas bubbles transiently collect at the anterior
part of the right ventricle and travel little by
little in the pulmonary artery — unless the
patient is promptly turned to the left lateral
position. Gas embolism complicating the cen-
tral venous line insertion can be predicted (see
Chap. 34).

Anecdotal Diagnoses

Many can be described here, but their exhaus-
tive description would overburden this book.
Let us just cite this severe shock with pulmo-
nary edema due to an esophageal abscess
squashing the left auricle, making the condi-
tions for septic shock plus cardiogenic shock
by compromised pulmonary venous return (see
Fig. 22.25 in our 2010 Edition). This young
lady had the correct diagnosis, mostly thanks
to TEE.

Before Concluding: How to Practice
Emergency Echocardiography
When There Is No Cardiac Window

One aim of this textbook is to develop solutions,
to be considered in extreme emergencies.

The BLUE-protocol was designed for assess-
ing the origin of a respiratory failure.

The FALLS-protocol can be used [24], since
the first step (cardiac) can be simplified: pericar-
dial tamponade usually provides windows, and
pulmonary embolism can be detected most of the
time using the BLUE-protocol.

How to assess the cardiac overall contractil-
ity may be solved using, once again, lung ultra-
sound: the lung pulse, detailed in Chaps. 10
and 35, may be a sign of good contractility
(to be confirmed using carefully designed
studies).
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Repeated as Previously Announced,
Our Take-Home Message

We have no willingness to replace traditional
TTE or TEE. This would not be scientific at all.
What we advocate, in any current ICU equipped
with the up-to-date Doppler echocardiographic
unit which makes “all,” is, besides, a modest
black-and-white unit with a single probe, easy
to buy, for making “the rest.” Our vision of the
“rest” is modestly defined in this textbook.
What we bet is that at the beginning, the simple
machine will be used from time to time (e.g.,
check for empty bladder). Then, increasingly,
control coming, the simple unit will be used
for hundred daily tasks (e.g., subclavian vein
cannulation). Time running, the simple unit
will then make shy attempts in echocardiogra-
phy (e.g., checking for absence of pericardial
tamponade), then with more assurance (e.g.,
associating hypercontractile left heart with an
A-profile for suggesting a clearance for fluid
therapy). At one more step of evolution, the
simple unit will be used as often as the com-
prehensive, cardiac one (a victory of holistic
ultrasound).

Appendix
1.Heart Routes

The left parasternal route is, as labelled, the left
parasternal area (2010 Ed, Fig. 22.1). The apical
route corresponds to the systolic shock. The left
positioning is not easy in a ventilated patient.
Mechanical ventilation often creates a hindrance
to the transthoracic approach of the heart, and the
subcostal route has been widely used in sedated
supine patients. This is an abdominal approach,
with the probe applied just to the xiphoid, body
of the probe applied almost parallel the abdomi-
nal wall.

2. Measurements

Only rough estimates (some possibly obsolete)
will be given. In a short axis at the pillar level, the
LV walls (septal or posterior) are 6-11 mm thick
in diastole. The LV chamber caliper is 38—56 mm.
The RV free wall is less than 5 mm thick. A pre-
cise measurement of the RV volume should
include subtle criteria, since its shape is complex.

An M-mode image through the LV small axis
can measure (2010 Ed, Fig. 22.8) the LV chamber
dimension in diastole, which indicates a dilatation,
and this dimension in systole, which defines con-
tractility. The difference of these two values,
divided by the diastolic dimension, defines the LV
shortening fraction, a parameter of the ventricular
systolic function. It is normally 28-38 %.

The parietal thickening fraction (the ratio of
the difference of diastolic and systolic thickening
over diastolic thickening, normal range from 50
to 100 %) is less useful in our day (and above all
night) routine.

3.Pericardial Tamponade

Some signs in concert with cardiac and respira-
tory cycles can be observed, in spontaneously
breathing patients. Inspiration facilitates venous
return, and the right ventricle dilates at the
expense of the septum, which is more compliant
than the free wall. The septum is shifted to the
left and compresses the left ventricular chamber.
Diastole creates a decrease in intracavitary pres-
sures, whereas intrapericardial pressure remains
constant. The right chambers are thus collapsed
by the surrounding pressure. The right auricle
wall collapses first, then the right ventricle.

The description of signs using Doppler would
have a beneficial effect: showing physiopatho-
logic patterns. It may also complicate the design,
if time is wasted, if too sophisticated units are
used, and if the operator is not trained enough.
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Anecdotal Note

1. Hypovolemia

Traditionally, for diagnosing hypovole-
mia in a shocked patient, the heart is the
main target (with Doppler and TEE). This
textbook focuses at the lung — especially in
extreme emergency and/or if no cardiac
window is available. In the FALLS-
protocol and SESAME-protocol, hypovo-
lemia is defined by an A-profile (associated
if possible with the ultrasound detection of
massive free fluid).

References

. Jardin F, Farcot JC, Boisante L, Curien N, Margairaz
A, Bourdarias JP (1981) Influence of positive end-
expiratory pressure on left ventricle performance. N
Engl J Med 304(7):387-392

. Braunwald E (1992) Heart
Philadelphia

. Benjamin E, Oropello JM, Stein JS (1996)
Transesophageal echocardiography in the manage-
ment of the critically ill patient. Curr Surg
53:137-141

. Vignon P, Goarin JP (2002) Echocardiographie-
Doppler en réanimation, anesthésie et médecine
d’urgence. Elsevier, Amsterdam

. Diebold B (1990) Intérét de I’échocardiographie
Doppler en réanimation. Réan Soins Int Med Urg
6:501-507

. Vieillard-Baron A, Charron C, Jardin F (2006) Lung
“recruitment” or lung overinflation maneuvers?
Intensive Care Med 32:177-178

. Price S, Nicol E, Gibson DG, Evans TW (2006)
Echocardiography in the critically ill: current and
potential roles. Intensive Care Med 32:48-59

. Vieillard-Baron A, Slama M, Cholley B, Janvier G,
Vignon P (2008) Echocardiography in the intensive
care unit : from evolution to revolution ? Intensive
Care Med 34(2):243-249, Epub 2007 Nov 9. Review
. Vieillard-Baron A (2009) Assessment of right ven-
tricular function. Curr Opin Crit Care 15(3):254-260.
doi:10.1097/MCC.0b013e32832b70c9, Review

disease. Saunders,

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

Jardin F, Vieillard-Baron A (2009) Acute cor pulmo-
nale. Curr Opin Crit Care 15(1):67-70, Review
Vieillard-Baron A (2009) Is right ventricular function
the one that matters in ARDS patients ? Definitely
yes. Intensive Care Med 35(1):4-6

Breitkreutz R, Walcher F, Seeger FH (2007)
Focused echocardiographic evaluation in resuscita-
tion management: concept of an advanced life
support-conformed algorithm. Crit Care Med
35:5150-S161

Sloth E (2006) Echocardiography in the ICU. Intensive
Care Med 32:1283

Via G, Hussain A, Wells M, Reardon R, ElBarbary
M, Noble V, Tsung JW, Neskovic AN, Price S et al
(2014) International evidence-based recommenda-
tions for focused cardiac ultrasound. J Am Soc
Echocardiogr 27(7):683.e1-683.e33. doi:10.1016/j.
echo.2014.05.001

Jardin F, Dubourg O (1986) L’exploration échocar-
diographique en médecine d’urgence. Masson, Paris
Lichtenstein D, Meziere G (2008) Relevance of lung
ultrasound in the diagnosis of acute respiratory fail-
ure. The BLUE-protocol. Chest 134:117-125
Goldhaber SZ (2002) Echocardiography in the man-
agement of pulmonary embolism. Ann Intern Med
136:691-700

Schmidt GA (1998) Pulmonary embolic disorders. In:
Hall JB, Schmidt GA, Wood LDH (eds) Principles of
critical care, 2nd edn. McGraw Hill, New York,
pp 427-449

Jardin F (2009) Acute cor pulmonale. Curr Opin Crit
Care 15(1)

Vieillard-Baron A, Cecconi M (2014) Understanding
cardiac failure in sepsis. Intensive Care Med 40(10):
1560-1563

Saleh M, Vieillard-Baron A (2012) On the role of
left ventricular diastolic function in the critically ill
patient (Editorial). Intensive Care Med 38:
189-191

Horowitz RS, Morganroth J, Parrotto C, Chen CC,
Soffer J, Pauletto FJ (1982) Immediate diagnosis of
acute myocardial infarction by two-dimensional
echocardiography. Circulation 65:323

Vignon P, Mentec H, Terré S, Gastinne H, Guéret P,
Lemaire F (1994) Diagnostic accuracy and therapeu-
tic impact of transthoracic and transesophageal echo-
cardiography in mechanically ventilated patients in
the ICU. Chest 106:1829-1834

Lichtenstein D (2013) FALLS-protocol: lung ultra-
sound in hemodynamic assessment of shock. Heart
Lung Vessel 5(3):142-147


http://dx.doi.org/10.1097/MCC.0b013e32832b70c9
http://dx.doi.org/10.1016/j.echo.2014.05.001
http://dx.doi.org/10.1016/j.echo.2014.05.001

Partll
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The Ultrasound Approach
of an Acute Respiratory Failure:
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The BLUE-Protocol

Severe dyspnea is one of the most distress-
ing situations for a patient. Aiming at a
therapy based on immediate diagnosis is a
legitimate target.

The acute incapacity to breathe is one of the most
distressing situations one can live [1]. The
BLUE-protocol concentrates 18 years of efforts
(mainly repeated submissions) aiming at
promptly relieving these patients.

The idea of performing an ultrasound exami-
nation in time-dependent patients was not far
from a blaspheme in 1985, definitely not envis-
ageable according to the rules. Our approach pos-
sibly intrigued some doctors and nurses in the
ERs of our institutions. During the management
of these critical situations, time was not for quiet
explanations. What the emergency doctors (who
had to rush to the next patient in the overcrowded
ER and eventually rushed after duty for a
deserved nap, end of the story) did not fully see
was that, after a few minutes, we were able to
give to the nurse therapeutic options, while orga-
nizing the transfer to the ICU. And what they did
not see at all (occupied by 1,000 other tasks,
medical, administrative, familial, etc.: this was
not time for international guidelines on lung
ultrasound) was that these options were in accor-
dance with the final diagnosis.

In the emergency setting, we use familiar tools
since decades and centuries, mainly physical

D.A. Lichtenstein, Lung Ultrasound in the Critically 1ll: The BLUE Protocol,

examination [2] and radiography [3], two basic
tools, yet increasingly known for having limited
precision. The crowded emergency room is not
the ideal place for serene work, an acknowledged
issue [4-8]. One-quarter of the patients of the
BLUE-protocol in the first hour of management
received erroneous or uncertain initial diagnoses,
and many more received inappropriate therapy.
The online document of Chest 134:117-125
details these 26 % of wrong diagnoses. CT seems
a solution, but Chap. 29 will demonstrate its
heavy drawbacks. One day, the community will
maybe find this tool definitely too much
irradiating [9].

We initiated this long work using an ADR-
4000 (from 1982) then shifted for our Hitachi-405
(from 1992, last update 2008). Their 3 MHz sec-
torial probe and 5 MHz microconvex probe were
perfectly suitable.

The Spirit of the BLUE-Protocol

Basically, the BLUE-protocol is a protocol. Yet it
was designed for being a flexible one. Some pro-
tocols are possibly built for exempting doctors to
think, but this one requires to keep on being a
doctor. It is permanently “piloted.” In some situ-
ations, it will just confirm an obvious diagnosis.
In others, it will confidently invalidate a diagno-
sis which looked the likely one.

For being perfectly understood (and antici-
pating remarks), the BLUE-protocol should be
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considered as an “intellectual exercise,” a tool
just designed for using the minimal bunch of
data for the maximal accuracy, when used alone.
Countless articles are now using lung ultra-
sound, and many propose various algorithms
including echocardiography and other items,
advocating a “multiorgan approach.” This is not
the spirit of our protocol: it associates these var-
ious items but does not include them (the differ-
ence is substantial). Comparing these studies
with our approach would therefore make little
sense. Regarding, for instance, the heart, see at
the end of this chapter and at the end of Chap.
24 that we did not “forget” it (it is known that
searchers may sometimes be absent minded, but
up to forgetting the heart, there is a substantial
step!); we just deleted it from our data. The
accuracy of “BLUE-protocol plus echocardiog-
raphy” is anyway featuring at end of this chap-
ter, and we invite the readers to make an
opinion.

Same remark for all clinical signs. Some aca-
demicians reproached to the BLUE-protocol to
forget these precious signs [10] (don’t miss the
discussion at the end of Ref. [10]). The clinical
signs are, ironically, in the center of the Extended
BLUE-protocol, for an improved accuracy (Chap.
35). The BLUE-profiles are here, available, up to
this respected physician to integrate his favorite
clinical data at will in his clinical approach.

The Design of the BLUE-Protocol

The BLUE-protocol was conceived in an
observational study in a Parisian university-
affiliated teaching hospital. We performed
ultrasonography on admission, in the climax of
dyspnea, on serial patients with acute respira-
tory failure. Acute respiratory failure was
defined based on clinical criteria requiring
admission to the ICU.

The gold standard was the final diagnosis con-
sidered in the hospitalization report, made by a
medical ICU team (expert panel) who did not
take into account the lung ultrasound data and
used traditional approaches. Uncertain diagnoses,
multiple diagnoses, and rare causes (frequency
<3 %) were excluded (see Chap. 21).

After years necessary for the publication of
the preliminary background (mostly lung termi-
nology), we were able to propose the analysis of
three items at the lung area — with dichotomous
answer, collected at standardized points (upper
and lower BLUE-points, PLAPS-point).

1. Abolished anterior lung sliding (yes or no)

2. Lung rockets at the anterior wall (present or
absent)

3. Alveolar and/or pleural syndrome (called
PLAPS if posterior or/and lateral) (yes or no)
We added an adapted venous analysis (indi-

cated in 54 % of cases). Note that the venous
analysis takes the major time (2 min of a 3 min
examination), which is nonetheless short, since
we use a simple machine with fast start-up, the
same microconvex probe, time-saving maneu-
vers, only one setting, and a contact product
which allows major time savings. This will be
repeated again, intentionally.

The BLUE-Profiles: How Many
in the BLUE-Protocol?

A work of a “profiler,” based on analysis of hun-

dreds of pre-data, was done during 7 years. From

this observational work, the profiles of the

BLUE-protocol were defined (Fig. 20.1).

There are eight profiles. The anterior analysis,
which initiates the BLUE-protocol, can describe
six situations. Five of them conclude the proto-
col: the B-, B’-, A/B-, C-, and A’-profile. One of
them is the A-profile (Video 10.1). The A-profile
designates an anterior chest wall with predomi-
nant A-lines and lung sliding. The A-profile
opens to three more profiles (A-DVT, A-no-V-
PLAPS, and nude profile).

Here are the profiles, which were assimilated
to specific diseases. The term “profile” assumes
an association of signs (two), plus a location
(Fig. 20.2).

1. The A-profile plus DVT was assimilated to
pulmonary embolism. The term “DVT” or
“no DVT” was fully detailed in Chap. 18,
because it is integrated in a specific, adapted
protocol.

2. The A-no-V-PLAPS profile is a temporary
label which designates an A-profile with no
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(anterior BLUE-points)
Lung sliding

— T~

Present Any Abolished

'

A/B-profile

B-profile A-profile B'-profile A'-profile

i l C-profile l l \
Sequential Plus Without

Thrombosed vein  Free veins l l
¢ l Need for other
Stage 3 modalites
(PLAPS-point)

(A-DVT-profile) T~
PLAPS no PLAPS

* * This decision tree is not designed
for providing 100 % of diagnoses of

- _ acute dyspnea. It has been simplified

with the target of overall accuracy
(A-noV-PLAPS-profile) (nude profile) just > 90 % (90.5 %)

Fig. 20.1 The decision tree of the BLUE-protocol. A  protocol (Adapted from Lichtenstein and Meziere [11],
decision tree using lung and venous ultrasound to guide  with the authorization of Chest)
the diagnosis of acute respiratory failure: the BLUE-

/ / gl /1 d s f 3
A-profile B-profile One C-profile  B'-profile A/B-profile
Fig. 20.2 Regular distributions. The main regular pro- the M-mode. Abolished lung sliding generates a homoge-
files of the BLUE-protocol. Note that this figure uses a  neous MM-space in M-mode: hyperechoic if the shooting
particular representation of the B-profile and the B’-profile  line strings a B-line (like here) and hypoechoic if done
in static images: on M-mode, lung sliding is materialized  between two B-lines. Note for the C-profile than only one
by this succession of vertical white and black stripes (it  point is required. The A’-profile does not feature for space
reminds real-time images done with vascular probes), management (already dealt with)

since the B-lines come and go through the shooting line of

DVT and with a PLAPS (uni- or bilateral). schematically, pulmonary embolism unlikely;
Called in some of our articles the A-V- and then “PLAPS,” making at this step COPD/
PLAPS-profile, it is now slightly longer but asthma unlikely. The A-no-V-PLAPS profile

more logical, thus hopingly easier to remem- was assimilated to pneumonia.
ber. When “A-no-V-PLAPS” is spelled slowly, 3. The nude profile is a normal profile, i.e.,
we can understand “A,” i.e., no pneumothorax A-profile with no DVT and no PLAPS. It was

and no pulmonary edema; then “no V,” i.e., assimilated to asthma or COPD, two bronchial
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diseases put together because of a same origin

(bronchial obstruction), a roughly same ther-

apy, and a same pathophysiological absence

of interstitial, alveolar, pleural, or venous
signs.

4. The B-profile designates anterior predominant
bilateral lung rockets associated with lung
sliding (Video 13.1). It was assimilated to
hemodynamic pulmonary edema.

5. The B'-profile is a B-profile with abolished
lung sliding (Video 13.2). It was assimilated
to pneumonia.

6. The A-/B-profile designates anterior predomi-
nant lung rockets at one side and predominant
A-lines at the other. It was assimilated to
pneumonia.

7. The C-profile designates anterior lung con-
solidation, regardless of size and number. The
C-profile was assimilated to pneumonia.

8. The A'-profile is an A-profile with abolished
lung sliding (Video 14.2). When a lung point
was associated, it was assimilated to
pneumothorax.

Once these profiles were predefined as
written, the study could begin. We then
assessed the concordance between profiles and
diseases.

Some Terminology Rules

We specify the precise language used in the
BLUE-protocol for enabling other teams to
reproduce our results.

When the first of the four anterior BLUE-
points shows lung sliding with A-lines, labeling
it a “quarter of A-profile” indicates that the user
has understood that the “A-profile” is defined on
the four anterior points. We prefer to read that a
given patient had “four quarters of B-profile”
(i.e., a B-profile, clearly expressed).

One of the four anterior points with a lung
consolidation, even minute (C-line), makes a
C-profile.

One isolated B-line visible at all four anterior
BLUE-points: this is such a rare pattern that we
do not know its clinical relevance. We should
temporarily consider this profile as an A-profile.

Some profiles should not generate too much
troubles (Fig. 20.3).

A quarter of B-profile visible on three of the
four anterior BLUE-points makes sensu stricto
“three-quarters of a B-profile.” It should probably
be linked to a B-profile.

A quarter of B-profile at the right upper
BLUE-point with a quarter of B-profile at the left
lower BLUE-point and a quarter of B-profile at
the right upper BLUE-point with a quarter of
B-profile at the left upper BLUE-point are rare
profiles, rare enough for not having been seen in
the BLUE-protocol. We think wise and logical to
link such profiles to an irregular A/B-profile
(much more than a B-profile) — suggesting pneu-
monia/ARDS.

Two-quarters of B-profile at the two lower
BLUE-points: this profile, seen in 5 % of cases
of hemodynamic pulmonary edema, should
probably be considered as an irregular B-profile

= = | p=y— -
[ e B
1 2 3 4 5
To be considered as
B-profile likely | A/B-profile likely Concz{sions B-profile likely A-profile likely
pending

Fig.20.3 Atypical distributions. Some atypical distributions of anterior lung rockets
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(patient  under of
therapy?).

Three-quarters of A-profile with one-quarter
of B-profile must be assimilated to an A-profile.
This is usually a pneumonia, which will be
recognized using the long sequence of the BLUE-
protocol: no venous thrombosis and a PLAPS

usually present: “A”-no-V-PLAPS-profile.

beginning depletive

The Results

At the submission of the manuscript, 302 patients
were analyzed. After exclusion of 16 patients for
unknown diagnosis, 16 for double diagnosis, and
9 for rare diagnosis, 260 dyspneic patients with
one definite diagnosis were considered. The main
causes of acute respiratory failure seen in our
walls were pneumonia (31 %), pulmonary edema
(24 %), decompensated COPD without cause
(18 %), severe asthma (12 %), pulmonary embo-
lism (8 %), and pneumothorax (3 %). Table 20.1
details our results.

In this population, the BLUE-protocol alone
provided the correct diagnosis in 90.5 % of cases
[11]. Each of the BLUE-profiles warranted a speci-
ficity for the considered disease greater than 90 %.

Table 20.1 Accuracy of the BLUE-protocol

Table 20.1 details the accuracy of ultrasound
for each diagnosis. All these major causes of
acute respiratory failure in the adult have charac-
teristic patterns.

Acute hemodynamic pulmonary edema: nearly
all cases, i.e., 62 of 64, yielded bilateral dissemi-
nated anterior lung rockets, a pattern always
associated to lung sliding: the B-profile. PLAPS
were present in 56 of 62 cases.

Pneumonia: of 83 cases, 74 had one of four
characteristic profiles. The A-no-V-PLAPS-
profile was seen in 35 cases, the C-profile in 18,
the A/B profile in 12, and the B’-profile in 9.
Each of these four profiles was infrequent, but the
sum made an 89 % sensitivity, and these patterns
were 94 % specific to pneumonia.

Exacerbated COPD, severe asthma: patients
had usually a normal pattern (nude profile). Of 49
cases of COPD, 7 had pathologic patterns. These
results will be commented below (“missed” cases
of the BLUE-protocol).

Pulmonary embolism: patients had nearly
always (20 of 21) an anterior normal surface
(A-profile). None had anterior lung rockets (in
the B, A/B, or B’ variant). Eighty-one percent
had visible deep venous thrombosis. Half of the
cases had PLAPS.

Mechanism of Profiles of Positive Negative
dyspnea BLUE-protocol Sensitivity Specificity predictive value predictive value
Acute hemodynamic B-profile 97 % (62/64) 95 % (187/196) 87 % (62/71) 99 % (187/189)
pulmonary edema
Exacerbated COPD  Nude profile 89 % (74/183) 97 % (172/177) 93 % (74/79) 95 % (172/181)
or severe asthma (A-profile with no
DVT and no PLAPS)
Pulmonary A-profile with deep 81 % (17/21) 99 % (238/239) 94 % (17/18) 98 % (238/242)
embolism venous thrombosis
Pneumothorax A’-profile (with lung 88 % (8/9) 100 % (251/251) 100 % (8/8) 99 % (251/252)
point)
Pneumonia 1. B'-profile 11 % (9/83) 100 % (177/177) 100 % (9/9) 70 % (177/251)
2. A/B-profile 14.5 % (12/83) 100 % (177/177) 100 % (12/12)  71.5 % (177/248)
3. C-profile 21.5 % (18/83) 99 % (175/177) 90 % (18/20) 73 % (175/240)
4. A-no-V-PLAPS 42 % (35/83) 96 % (170/177) 83 % (35/42) 78 % (170/218)
profile
The four profiles 89 % (74/83) 94 % (167/177) 88 % (74/84) 95 % (167/176)

Adapted from Lichtenstein and Meziére [11]

Brackets: No. of patients
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Pneumothorax: all had abolition of anterior
lung sliding with the A-line sign (A’-profile).
Eight of nine had a lung point.

These profiles and results will be sharply
explained, detailed, and commented in the fol-
lowing chapters.

Pathophysiological Basis
of the BLUE-Protocol

The pathophysiology fully explains the scientific
basis of the BLUE-protocol and the results. It is
detailed in devoted chapters, one per disease (see
Chaps. 23, 24, 25, 26, and 27).

A-lines indicate air, which can be physiological
(normal lung surface seen in COPD, asthma, pul-
monary embolism, and anterior wall of posterior
pneumonia) or pathological (pneumothorax).

Lung rockets indicate interstitial syndrome.
Hemodynamic pulmonary edema and some cases
of pneumonia display anterior and symmetric
lung rockets.

Alveolar and pleural changes are usually pos-
terior (defining PLAPS) and are common to pul-
monary edema, pneumonia, and pulmonary
embolism (even pneumothorax), therefore not of
major discriminating potential if used alone.
Anterior consolidations are typical of pneumo-
nia. PLAPS not associated with anterior intersti-
tial changes are seen in pneumonia and pulmonary
embolism. PLAPS have a discriminative value
only in patients with A-profile and without
venous thrombosis: this provides a BLUE diag-
nosis of pneumonia, likely.

Lung sliding is seen in hemodynamic pulmo-
nary edema, a disease which creates a transu-
date. Transudate is a kind of oil, allowing us to
breathe from birth to death without burning.
Lung sliding is also seen in pulmonary embo-
lism, COPD, and some pneumonia. It is present
in asthma, although of limited amplitude in very
severe cases.

Abolished lung sliding is seen in many cases
of pneumonia, a group of diseases which create
exudate. Exudate acts like glue, sticking the lung
to the wall. Pneumothorax always abolishes lung
sliding.

The Decision Tree of the BLUE-
Protocol (Fig. 20.1)

To get a 90.5 % accuracy in a few minutes, we
first check for anterior lung sliding. Its presence
discounts pneumothorax. Anterior B-lines are
then sought. The B-profile calls for pulmonary
edema. B-', A/B-, and C-profile call for pneumo-
nia. The A-profile prompts a search for venous
thrombosis. If present, the BLUE-diagnosis is
pulmonary embolism. If absent, PLAPS are
sought. Their presence (A-no-V-PLAPS-profile)
calls for pneumonia and their absence (nude pro-
file) for COPD or asthma. To get a far higher
accuracy, read Chap. 35.

The Missed Patients of the BLUE-
Protocol. What Should One Think?
An Introduction to the Extended
BLUE-Protocol

These critical points are developed through the
textbook. The BLUE-protocol was designed for
using the simplest decision tree for reaching the
highest accuracy. The target to reach was the
value of “90 %” (it was, actually, 90.5 %).
Wanting to reach 91, 92 %, etc., would have com-
plicated this decision tree, and so on, up to the
theoretical value of 100 %. Reminder, the BLUE-
protocol is only a protocol. It should be consid-
ered as a tool, permanently piloted by the
physician. Using basic clinical data, some simple
tests (ECG, D-dimers, etc.), the common sense (a
precious tool), and some more developed ultra-
sound tools (in one sentence, performing an
Extended BLUE-protocol), the accuracy climbs
substantially. Please consider the BLUE-protocol
as an initial approach (with already an overall
90.5 % accuracy, just used alone).

In 9.5 % of included patients, the BLUE-
protocol yielded a profile which was not in agree-
ment with the official diagnosis. We must
consider two groups.

1. Some are real limitations (4 %).

Pulmonary embolism without visible venous

thrombosis (19 %) is a typical limitation of

the BLUE-protocol. Pneumonia with the
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B-profile (7 %) looks like hemodynamic pul-
monary edema. Piloting the BLUE-protocol
would correct this kind of limitation. Just a
short example, in a pneumonia with a
B-profile, considering simple signs (history,
fever, white cells, etc.) and simple emergency
cardiac sonography, the physician enters into
the Extended BLUE-protocol and usually cor-
rects the error. See Chap. 22, and don’t forget
to read, once basic data are integrated,
Chap. 35.

2. Other cases (5.5 %) possibly indicate a failure
of the gold standard.
When a patient has standardized ultrasound
signs of lung consolidation and receives the
official diagnosis of exacerbated COPD, there
is likely a failure in the traditional tools. This
patient has likely a superadded diagnosis
(radio-occult pneumonia, pulmonary embo-
lism). Patients with the B-profile but officially
considered COPD are other possible mistakes.
Patients without the B-profile but considered
pulmonary edema are again possible mis-
takes. These cases are detailed in Chaps. 24
and 25.

All in all, while accepting the final diagno-

sis as a gold standard, we consider that the

90.5 % rate of correct diagnoses is below the
reality. We may calculate an officious rate of
90.5+5.5 %, i.e., 96 % (-1 % for the science,
say 95 %), yet this kind of calculation would
violate the rules of scientific publications. In
any honest study, the gold standard cannot be
always perfect, but how to prove it, when it is
the gold standard? Just common sense can
alert. Commercial pilots make mistakes; we
assume doctors are not exempt from some
mistakes too.

When Is the BLUE-Protocol
Performed

The raison d’étre of the BLUE-protocol, which
uses ultrasound alone, is to be inserted in the first
stages of the usual management of an acute dys-
pnea. In this traditional management, one can

describe three steps (Fig. 20.4):

1. Step 1: The physician receives the patient and,
time permitting, learns the history and makes
the physical examination. This step is deci-
sive. A young dyspneic patient with fever has
not the same disease with an apyretic old
cardiopathic one, e.g.

User's guide of the BLUE-protocol

When managing an acutely dyspneic patient

Simple

emergency

cardiac

Step 3
Irradiating: CT
Sophisticated: ECHO
Painful: arterial blood gas

sonography

THE BLUE-PROTOCOL

\

Fig. 20.4 Integration of the BLUE-protocol in the tradi-
tional management. This figure illustrates the usual steps
of management of an acute respiratory failure, and the
place that the BLUE-protocol and the simple emergency
cardiac sonography can take, between the clinical exami-
nation and the first paraclinical tests. One main aim of the
BLUE-protocol is to relief the patient before — or in

substitution to — the usual late tests (Step 3). We aim at
making the simple clinical examination, the BLUE-
protocol, the simple cardiac sonography, and the initial
current basic tests the fab four in acute respiratory failure
management. The integration of the BLUE-protocol
within these three other major tools is part of the definition
of the Extended BLUE-protocol
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2. Step 2: Simple tests are done, like ECG,
D-dimers, and basic venous blood tests (see
below).

3. Step 3: With all these elements in hand, the
doctor decides whether sophisticated exami-
nations will be ordered. This is usually time
for asking a CT scan or a sophisticated
echocardiography.

The BLUE-protocol aims at being inserted
between Step 1 and Step 2. Its 90.5 % official rate
of accuracy will be dramatically enhanced using
basic data, making the need for the traditional
Step 3 less mandatory (see below), for reaching
the LUCIFLR spirit (Chap. 29).

The Timing: How Is the BLUE-
Protocol Practically Used

The BLUE-protocol is usually done in Stage 1’
(semirecumbent patient). We apply the probe on
the right upper BLUE-point (1”). We identify the
bat sign (2”). Then we search for lung sliding.
With experience, two seconds are enough to rec-
ognize lung sliding (2"”). Pneumothorax is instan-
taneously ruled out. Then we analyze the Merlin’s
space. A-lines should be rapidly identified (2").
A pulmonary edema is ruled out. A routine
Carmen’s maneuver indicates that no B-line is
visible. This takes 3". The lower BLUE-point is
then analyzed (10 more seconds). The left lung
analysis adds 20". Facing a B-profile, an A/B-
profile, a C-profile (one point is enough, in terms
of specificity), or a B’-profile, the protocol is
over. The rest of the lung will of course be ana-
lyzed but outside the protocol (searching for
PLAPS after detecting a B'-, C-, or A/B-profile is
redundant), same remark for the venous network.
The A-profile calls, using the same probe, for a
venous analysis. If no venous thrombosis is
detected (2 min), the diagnosis of pulmonary
embolism is not ruled out of course, but the user
comes back to the lung posteriorly. Stage 3 is per-
formed (6" for setting the patient) and the
PLAPS-point is analyzed, searching either air
artifacts or PLAPS (7"). This step prioritizes the
diagnosis of pneumonia if PLAPS are present or
COPD/asthma if PLAPS are absent. Facing an
A’-profile, a lung point is sought for, laterally,

posteriorly, etc. (a matter of half a minute). Once
the BLUE-protocol is over, the physician decides
if this information is in agreement with the Steps
1 (history, etc.) and 2 (basic tests, ECG, etc.),
making a part of Extended BLUE-protocol, and
initiates active therapy or goes up to Step 3 (CT,
etc.) if necessary.

All in all, scanning the patient in the longest
sequence takes 3 min and 6 s. This is done in the
case of asthma/COPD (the longest sequence). In
the case of the A’-, B’-, C-, and A/B-profiles, the
test takes a few seconds.

As one example of how to pilot the BLUE-
protocol, a patient with the B-profile will have a
priority diagnosis of hemodynamic pulmonary
edema. If meanwhile, the simple history learns
that this patient is followed for a chronic intersti-
tial disease, the diagnosis will of course be shifted
to the profit of exacerbated chronic interstitial
disease, statistically 16 times less frequent [11].
The Extended BLUE-protocol uses this history,
some echocardiographic data (showing here
rather right heart anomalies), and studies the
PLAPS-point, which is not required in the native
BLUE-protocol but will here provide basic data:
PLAPS favors the diagnosis of a chronic intersti-
tial disease complicated by something (edema,
embolism, pneumonia, etc.); absence of PLAPS
will suggest a simple exacerbation with no visi-
ble factor of complication (read Chap. 35).

We routinely make a comprehensive venous
analysis in patients without A-profile, but this is
done outside the protocol, again.

The BLUE-Protocol and Rare Causes
of Acute Respiratory Failure

They are dealt with mainly in Chaps. 21 and 35.

Frequently Asked Questions
Regarding the BLUE-Protocol

All these questions are answered in the specific

sections through the book. Here are some:

Why isn’t the heart featuring in
BLUE-protocol?

Why just three points and no lateral analysis?

the
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What should one think of the “missed” patients
of the BLUE-protocol?

Didn’t the exclusion of patients create a bias lim-
iting the value of the BLUE-protocol?

Challenging patients?

What about the mildly dyspneic patients (simply
managed in the emergency room)?

What happens when the BLUE-protocol is per-
formed on non-blue patients?

What is the interest of the PLAPS concept?

Can the BLUE-protocol allow a distinction
between hemodynamic and permeability-
induced (ARDS) pulmonary edema?

How about patients with severe pulmonary
embolism and no visible venous thrombosis?

What about pulmonary edema complicating a
chronic interstitial disease?

Will the BLUE-protocol work everywhere?

Will multicentric studies be launched for validat-
ing the BLUE-protocol on huge numbers?

Are 3 min really possible?

Is the BLUE-protocol only accessible to an elite?

By the way, why “BLUE” protocol?

A Whole 300-Page Textbook Based
on 300 Patients

It may be one more FAQ. Any honest physician
knows that huge numbers do not change a reality.
Using 3,000 or 30,000 patients would have made
only slight changes. The countless patients we
managed once the study was submitted (years
and years from the printing of this textbook) and
the countless patients we could “pilot” from our
world laboratory, i.e., all the information we
received from hundreds of physicians through the
planet, just confirmed the value of this series,
based on logic. Our aim is to see this method
aging well and see it used by increasing critical
care physicians — and all other fields concerned.

How Will the BLUE-Protocol Impact
Traditional Managements?

Three main fields should be affected:
1. If the lung is admitted in the court of ultra-
sound, the heart will be the definite winner.

Combining our lung and (adapted) venous
approaches should result in considering the
simple emergency cardiac sonography as a
new, valuable entity.

2. Less irradiation will be provided. Physical
examination, BLUE-protocol, simple cardiac
sonography, and basic tests (without arterial
puncture) should summarize the investigation
of most patients (Fig. 20.4). The decrease of
requirement for Step 3 examinations (mainly
CT) is one of our major satisfactions. Chapter
29 will show the drawbacks of CT.

The traditional arterial puncture was
placed among these targets. The simple per-
spective of decreasing this test would have
fully awarded our 18-year research. This test
is painful: patients remember it. We guess that
these blue patients are hypoxic. So the ques-
tion becomes: “Why do we need blood gases?”
Searching to know the CO, level for making a
diagnosis indicates how blind we are (without
ultrasound) facing acute dyspnea. We keep
this test in the ICU, on an arterial line, for
monitoring circulatory status in sedated
patients.

As to expert echocardiography Doppler,
we see no drawback to see this test performed,
provided the team is already equipped and
trained, in a patient who already received the
initial therapy and in the countries where this
option is envisageable.

3. We appreciate this possibility to immediately
relieve the acutely dyspneic patient by provid-
ing appropriate therapy (full O,, e.g.). The rate
of deaths which are the immediate or remote
consequence of initial errors should decrease —
not to speak of the comfort of the patients and
the satisfaction to see simplicity winning in
this demanding field of medicine.

A Small Story of the BLUE-Protocol

Read if there’s time the introduction of this text-
book, describing when, where, and how the real
work began.

Having had the privilege of working in a pio-
neering ICU developing echocardiography in the
critically ill since 1989, we had easy access to
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the heart. We integrated elements from pleural,

lung, and venous ultrasound, allowing to pro-

pose the use of ultrasound in acute dyspnea since

1991 [12].

Our first mention of a decision tree for man-
aging acute respiratory failure was available in
1995 [13]. It was rather comprehensive at this
time, including the heart, inferior caval vein.
The inferior caval vein was quickly withdrawn,
for no added value. Three cardiac items were
featuring up to the years 2000-2003: left heart
contractility, right heart enlargement, and peri-
cardial effusion [14]. Withdrawing the heart was
not our initial intention. One day in the corridor,
we were advised to remain far from this area
which was reserved to specialists. Desirous to
keep it scientific, we did not answer first and
took one whole week (24/7) for deeply review-
ing all our data, and three sequential features
appeared to us.

First, withdrawing the pericardial item was not
an issue. A pericarditis creates pain more than
respiratory failure and is not on focus here.

Second, we observed that each blue patient with-
out a B-profile had a disease able to generate
right heart enlargement (embolism, pneumo-
nia, COPD, etc.) and had usually (usually) no
visible left heart anomaly. We could therefore
withdraw the right heart analysis without
damage.

The third regarded the left heart analysis, the last
item which remained in our decision tree [15].
Read in Chap. 24 how withdrawing the left
heart data resulted in improving the perfor-
mances of the BLUE-protocol.

For being able to submit the BLUE-protocol,
we had to publish the whole of the nomenclature
allowing standardized analysis, i.e., basic articles
about pneumothorax, pleural effusion (adding
criteria for an application which was not so much
standardized), lung consolidation, interstitial
syndrome, etc. This resulted in endless rejec-
tions, making the story last between 1990 and
2008. We deliberately sacrificed countless other
findings (meanwhile published by other teams)
and the opportunity of taking any leadership
(idem). The manuscript of the BLUE-protocol
was rejected by several international journals.
These factors explain why we were able to share

our approach in the peer-review literature only
13 years after its first public mention and 18 years
after the onset of our clinical use.
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Their Exclusion Limit Its Value?

The letters to the editor generated by the native
article well go beyond the 2,500 word limit [1-10].
We had the honor to answer five letters, i.e.,
5x500 more words, an honorable providence for
specifying with more details what the BLUE-
protocol is (before the production of this text-
book where each detail is thoroughly described).

Let us analyze an apparently significant issue:
how about the excluded patients?

The Exclusion of Rare Causes:
An Issue?

These rare patients were advocated by some to be
the most difficult, so their exclusion was advo-
cated as creating a bias [1]. Why? Why is the
exclusion of these patients not an issue? Simply
because “rare diagnoses” does not mean ‘“diffi-
cult” diagnoses. Massive pleural effusion is the
best example. No need for multicentric random-
ized studies for understanding the interest of
ultrasound there. No need for BLUE-protocol.
The diagnosis is easy using usual tools, including
traditional ultrasound.

The BLUE-protocol has incorporated 97 % of
the patients seen in the ER (or pre-hospital medi-
cine) and eventually admitted to the ICU of our
parisian hospital. The multiple diagnoses of the
3 % remaining patients were not considered, in
order to keep our protocol simple, fit for use:
daily problems were prioritized. Those daily

D.A. Lichtenstein, Lung Ultrasound in the Critically Ill: The BLUE Protocol,

patients had pneumonia, pulmonary edema,
COPD, asthma, pulmonary embolism, and pneu-
mothorax. The 3 % remaining causes were [11]:

* Exacerbation of chronic interstitial disease

(1.4 %)

e Massive pleural effusion as causing agent

(1 %)

* Complete atelectasis, foreign body aspiration

(0.3 %)
¢ Tracheal stenosis (0.3 %)
¢ Fat embolism (0.3 %)

If the protocol includes not 300 but 3,000 or
30,000 patients, the list would be enriched by
countless but rare diseases: acute gastric dilata-
tion, pneumoniae linked to drugs, sterile aspira-
tion pneumonia, phrenic palsy, Guillain-Barré
syndrome, extended causes of chronic intersti-
tial disease (histiocytosis X, sarcoidosis and
other alveolar proteinosis, etc.), acute hypovole-
mia, metabolic dyspnea, etc. Ask to experts for
a comprehensive list. Most of these diseases
will be accessible to the Extended BLUE-
protocol (Chap. 35). For assessing ultrasound
for one given rarity, years of large-scale multi-
centric studies will be necessary for gathering
enough patients. The BLUE-protocol favors the
real life.

Interestingly, each of the rare diagnoses had a
profile among the eight of the BLUE-protocol.
Let us see these main rare causes.

Regarding chronic interstitial diseases, the
B-profile is linked to a lung disease using various
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tools. The simplest is disease history, when the
disease is known (most of the cases). During the
first episode (an occurrence far lower than 1.4 %),
simple tools from the Extended-BLUE-protocol,
mainly the simple cardiac sonography, will find
right heart anomalies together with the left heart
normality, immediately linking this interstitial
syndrome to a pulmonary origin.

Massive atelectasis yields numerous standard-
ized signs, as discussed in Chap. 35.

Tracheal stenosis had a nude profile, follow-
ing the logic: this is the main profile of asthma
and COPD, i.e., obstruction (as is tracheal steno-
sis). The characteristic clinical signs should make
ultrasound of lesser relevance, although an ante-
rior location of granuloma (usual location) can be
found using ultrasound.

We can consider infinite combinations, such
as hemodynamic pulmonary edema due to myo-
carditis complicating an infectious pneumonia.
These patients will likely have the appropriate
B-profile.

Thoracic disorders occurring in children and
neonates are detailed in Chap. 32.

The case of the diaphragm. The BLUE-
protocol was reproached not to include it [9].
First, the diaphragm is included: detecting an
abolished lung sliding means a motionless
cupola. Second, we wanted to keep our decision
tree as simple as can be. Bilateral causes, although
having originated the birth of intensive care in
1954, are now an extinct cause. Would it even be
seen, the therapy is purely symptomatic. Read
Anecdotal Note 1 which explains why the dia-
phragm was not included. Read also the section
on diaphragm in the chapter dealing with non-
critical ultrasound (Chap. 36).

To say it differently, the BLUE-protocol works
always, even when it is not used. When rare diag-
noses are suspected by the initial approach, the
Extended-BLUE-protocol will be used, with
increased ultrasound potential. The native BLUE-
protocol makes nothing but adding decisive
points to the usual management. Used this way,
we are accustomed to work with the correct
diagnosis.

Patients Excluded for More Than
One Diagnosis: An Issue?

Five percent of the patients had more than one
diagnosis. Their exclusion was advocated as cre-
ating a bias [1]. Pulmonary edema and pneumonia
were the most frequent. This raises an interesting
methodological issue. When two diseases are sug-
gested, does each mechanism generate exactly
50 % of the cause of respiratory failure? Of course
not. This rate may be 51 % versus 49 %, which
remains fine, but it can be as well 99 % versus
1 %, etc. The issue is that no gold standard is able,
at a given time, to assess this ratio. The BLUE-
protocol gave one of the two incriminated diagno-
ses with quite the same accuracy than in the
regular population that had one diagnosis: 87.5 %
(quite the 90.5 % accuracy of the BLUE-protocol).
Therefore, the BLUE-protocol was not
misleading.

Note that the BLUE-protocol was designed to
provide one profile, yielding one ultrasound diag-
nosis, subsequently correlated with one final
diagnosis, which we retained as the gold stan-
dard. For this first methodological reason,
patients with several diagnoses could not be
included.

The Extended-BLUE-protocol considers these
double diagnoses (see Chap. 35).

Patients Excluded for Absence
of Final Diagnosis: An Opportunity
for the BLUE-Protocol

Five percent of the patients never received a defi-
nite diagnosis using traditional tools. Their exclu-
sion was advocated as creating a bias [1]. The
BLUE-protocol was designed to suggest a diag-
nosis, subsequently correlated with the final diag-
nosis. It was methodologically impossible to
include patients who did not benefit from a final
diagnosis. However, of major interest, all these
patients had a precise BLUE-profile, among the
eight defined profiles. We bet that when it will be
widely used and followed by therapeutic
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decisions, the BLUE-protocol will be precisely a
tool allowing to highly decrease this rate of
patients without final diagnosis.

Anecdotal Notes
1. Diaphragm

Isolated phrenic palsy is not listed as
cause of acute respiratory failure [12].
It must be associated to a comorbid
state for yielding troubles [13].

In addition, phrenic palsy is an
exceptional event — seen in none of
the patients in the BLUE-protocol.
Independently of its exceptional par-
ticipation as an associated cause of
respiratory failure, and even if the
comorbid disorder is accessible to
ultrasound, this association should be
a mix cause, by definition excluded
from the BLUE-protocol, like rare
causes (even if easy to diagnose) [10].

Even if a phrenic palsy is diagnosed
in acute respiratory failure, this finding
would be of minor relevance, since
there is no specific routine therapy.

Note that if a patient has been intu-
bated and sedated, the mechanical ven-
tilation generates passive phrenic
movements, and the diagnosis at this
step is impossible.

What we see in the current thinking
is a confusion between palsy and aki-
nesis. Akinetic cupola in severe pneu-
monia is a common feature, seen in
27 % of cases [11]. These patients
have abolished lung sliding. Akinetic
cupola in a severe pneumonia is usu-
ally linked to adhesions and not
phrenic palsy. When such patients are
intubated and sedated, it is easy to see
that the disorder (abolished lung slid-
ing, akinetic cupola) remains (proving
the adhesions, infirming the phrenic
palsy).

The phrenic analysis is part indeed
of our systematic ultrasound examina-
tions, using our polyvalent microcon-
vex probe, but we have not included it
in our decision tree [14].
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Frequently Asked Questions
Regarding the BLUE-Protocol

Pretending to help in expediting the causal diag-
nosis of a respiratory disorder using a method
which was not supposed to exist and advocating
data >90 % probably deserve some explanations.
It generated multiple questions. From the most
recurrent, here is a selection (plus some antici-
pated ones).

Why Isn’t the Heart Featuring
in the BLUE-Protocol?

This is the most FAQ.

We may expedite the answer this way: the
BLUE-protocol was devoted for patients without
suitable cardiac windows. This doing, we saw that
the performances had an overall 90.5 % accuracy.
This accuracy is independent also from the clinical
data. When they are added, when echocardiogra-
phy is added, i.e., when the BLUE-protocol is
expanded to the Extended BLUE-protocol, the
accuracy will jump far beyond this 90.5 %.

The heart is associated to the BLUE-protocol,
not integrated (it is fully integrated in the
Extended BLUE-protocol; see Chap. 35). Yet
users may be disappointed to see that the consid-
eration of this expert science will only slightly
increase the value of the BLUE-protocol (clinical
data and simple lab tests will increase it much
better). This is explained first because the lung
data allow to predict the cardiac status and, sec-
ond, because the cardiac data can sometimes be

22

misleading. This explains why the withdrawal of
cardiac information resulted in a slight improve-
ment of the accuracy (from 90.3 to 90.5 %; see
the small story at the end of Chap. 24). The third
and main reason is that the lung analysis is a
direct approach in a patient suffering from the
respiratory function. Showing an absence of
B-profile demonstrates that the left heart function
is normal (or not the actual problem). The BLUE-
protocol does not search for a left heart anomaly
but for the consequence of this anomaly: pulmo-
nary edema. The detection of the B-profile has
shown high accuracy for the diagnosis of hemo-
dynamic pulmonary edema (with rare cases of
pneumonia and exceptional cases of chronic
interstitial disease). The detection of a non-B-
profile was correlated with the absence of pulmo-
nary edema.

We will see in Chap. 35 that the Extended
BLUE-protocol takes carefully into account not
only simple items from Step 1 (history, age, tem-
perature, physical examination, etc.) and Step 2
(white cells, CRP, etc.) but also the simple emer-
gency cardiac sonography. The B-profile in a
young patient with fever, no cardiac history, and
a well-contracting left ventricle will be immedi-
ately suspected as a “failure” of the BLUE-
protocol (brackets because it pretends only at a
90.5 % accuracy with the simplest tools).

We therefore advise to begin the analysis of a
blue patient (with no clear clinical orientation)
with the lung, confirming or not edema, then
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simple cardiac sonography. This inversion of
priorities means gain of time, since lung ultra-
sound needs shorter training; has less operator
dependencies, less patient dependencies, and
less risk of poor windows; and is cheaper. In the
same time, the physician is free to initiate a
training in traditional echocardiography, which
will allow to better understand and manage situ-
ations where more information is required. It
will indicate for instance the need for emergency
valvular repair, but these are not frequent sce-
narios (and we rarely need to repair a valvular
disease in the night).

In fact, the therapeutic management is usually
decided at the end of the BLUE-protocol, with a
slight subtlety. The moment when the nurse pre-
pares the therapy (heparin, fibrinolytics, inotro-
pics, diuretics, beta-agonists, antibiotics, low- or
high-flow oxygen, CPAP or endotracheal tube,
etc.) is the time for initiating our simple emer-
gency cardiac sonography — enhanced by the
lung approach. Apart from exceptional cases,
an acute respiratory failure with a hypokinetic
left ventricle but with an A-profile will be con-
sidered as a pulmonary dyspnea (occurring in
a patient who it is true has a quiescent chronic
left heart disease). In actual fact, the sequence is
lung—veins—nurse-heart.

Sophisticated Note

For optimizing the cost savings, the nurse is trained
to break the costly ampullae (fibrinolytics) last. If
the cardiac sonography happens to find, for
instance, a pericardial effusion, it is still time to
stop the action of the nurse — time for rebuilding a
story of, for example, here, pulmonary embolism
complicating a history of neoplasia responsible for
hemorrhagic pericardial effusion. Using this way,
not many costly fibrinolytic ampullae will be bro-
ken for nothing.

Not only the BLUE-protocol but also the
FALLS-protocol favors the lung, making it equal
to the heart. The absence of B-profile indicates a
pulmonary artery occlusion pressure <18 mmHg,
with direct consequences on hemodynamic man-
agement [1]. See Chap. 30.

Nonscientific reasons why the heart was
deleted from the BLUE-protocol can be consulted
in the last section of the Chap. 20.

Are Three Minutes Really Possible?

Some colleagues were intrigued by such a tim-
ing [2]. These 3 min (let us concede “less than
four” for simplifying) were done by experi-
enced users, precisely in the aim of not inter-
fering with the traditional management. Of
course, novice doctors are free to take more
time. Three-minute examination was an aver-
age timing, allowed when using the fast proto-
col we defined since 1992: one smart machine,
one universal (microconvex) probe, one set-
ting, no Doppler, and our substitute to gel. The
lung is superficial. Time for finding windows
(unlike “ECHQO”) is null. Detection of A-lines
or B-lines is immediate. The timing is short-
ened each time the BLUE-protocol does not
require venous analysis or posterolateral lung
analysis: B-, B’-, A/B-, or C-profile occurs in
46 % of cases and makes a BLUE-protocol
duration inferior to 1 min.

We use the same fast protocol for searching
for deep venous thrombosis, using the same
probe, the same settings, cross-sectional scan,
Carmen maneuver, etc.

Using our contact product makes the time
between two regions of interest (e.g., lung and
calf veins) <2 s. We keep our soaked compress
near our scanned field and can do flash scanning.
No time is lost for taking the traditional gel bot-
tle, squeezing it, and applying the gel to areas
distant from each other and wiping after.

Why Is the Lateral Chest Wall Not
Considered?

This is part of the spirit of the BLUE-protocol, a

minimal bunch of data for a maximal accuracy.

Quite always, the lateral analysis gives redundant

pieces of information, as an example, the lateral

lung rockets.

» [If associated with the (anterior) B-profile, they
are redundant for a diagnosis already done
(hemodynamic pulmonary edema).

e If associated with B’-, C-, or A/B-profiles,
they were redundant for a diagnosis already
done (pneumonia).
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» If associated with an (anterior) A-profile, they
will be redundant with PLAPS for a diagnosis
of pneumonia (3.5 times more often than pul-
monary edema in the unpublished data of the
BLUE-protocol).

Didn’t the Exclusion of Patients
Create a Bias Limiting the Value
of the BLUE-Protocol?

This question appeared critical for some, and we
took full consideration of it [2]. We devoted the
whole Chap. 21 for showing how these exclu-
sions could not decrease the performances of the
BLUE-protocol.

Is the BLUE-Protocol Only
Accessible to an Elite?

The development of the BLUE-protocol may
appear complex, but the final use is simple. Many
details make a training curve efficient for a large-
scale training. The BLUE-points are accessible to
any student. The venous analysis is possibly lon-
ger to master, although each step is elementary.

Note that intensive care medicine is a disci-
pline for an elite. Inside this exacting discipline,
fields such as TEE are mastered. Even if compli-
cated, the BLUE-protocol should be mastered by
such an elite.

Also note a critical point that most doctors
have forgotten from their remote medical studies.
For understanding a (simple) pulmonary edema,
they have mastered a huge amount of informa-
tion, beginning by the anatomy and physiology
of the lung, then the clinical approach, then the
mastery of reading a radiograph, interpreting
blood gases or ECG, etc., up to the understanding
of the pathophysiology. Compared to this wide
culture required for making traditional medicine,
the BLUE-protocol can appear as a slight adjunct.
Apart from those who like complicated disci-
plines, a whole rebuilding of medical studies
integrating ultrasound would not increase their
duration, since huge simplifications of complex
fields will occur.

Can the BLUE-Protocol Allow

a Distinction Between
Hemodynamic (HPE)

and Permeability-Induced (PIPE)
Pulmonary Edema?

It definitely can solve this daily problem. Here
are basic elements.

Roughly, the B-profile is present in 97 % of
cases of HPE and only 14 % of cases of PIPE.

Roughly, the four profiles of pneumonia are
present in 86 % of cases of PIPE and 3 % of HPE.

Roughly, following the seven principles of
lung ultrasound, HPE creates pressurized transu-
date, i.e., lung rockets with no impairment of
lung sliding. PIPE creates nonpressurized exu-
date, i.e., impaired lung sliding with irregular
anterior lung rockets, and random areas of
consolidation.

Read more in Chap. 35.

How About Patients with Severe
Pulmonary Embolism and No
Visible Venous Thrombosis?

See Chaps. 26 and 35.

Why Look for Artifacts Alone When
the Original Is Visible?

These authors referred to these lung consolidations
[3]. We answered that the “original” was not so
original: lung consolidations can be seen in a wide
range of diseases, whereas the sequence used in the
BLUE-protocol allows to link some with the diag-
nosis of pneumonia, others with the diagnosis of
pulmonary edema, pulmonary embolism, etc. [4].

What About Pulmonary Edema
Complicating a Chronic Interstitial
Lung Disease (CILD)?

This was argued as a possible limitation [2]. The
B-profile indicates usually pulmonary edema, rarely
pneumonia, exceptionally CILD. Considering
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pulmonary edema complicating an exceptional dis-
ease means a really exceptional condition.
Concluding on these cases would therefore imply
years of international multicentric studies.
Meanwhile, in a known CILD patient, left ventricle
hypocontractility should suggest additional left
heart decompensation. Another point, PLAPS are
not supposed to be present in simple CILD. Their
presence would be an argument for a complication:
edema, pneumonia, embolism, or rare causes
(tumor). Similarly, a C-profile would indicate a
pneumonia, the absence of lung rockets a likely
pneumothorax.

What About the Mildly Dyspneic
Patients (Simply Managed
in the Emergency Room)?

These patients are not in the scope of the BLUE-
protocol. Their case is dealt with in Chap. 36.

Challenging (Plethoric) Patients?

See this case in the corresponding section of
Chap. 33.

What Happens When the BLUE-
Protocol Is Performed on Non-Blue
Patients?

The BLUE-protocol is designed for severely dys-
pneic patients.

A healthy subject will have a BLUE-diagnosis
of asthma or a COPD.

A postoperative patient with simple basal atel-
ectases has an A-no-V-PLAPS profile, i.e., a
BLUE-profile of pneumonia.

An “uncomplicated” ARDS patient (i.e., pink,
under pure oxygen) has B-, B’-, A/B-, and
C-profiles, sometimes A-no-V-PLAPS profile.

An acute pulmonary edema becoming pink
(and eupneic) under appropriate therapy will
have, at one precise moment, no anterior lung
rockets, only bilateral lateral extensive lung rock-
ets, and usually PLAPS, i.e., a profile of pneumo-
nia. The next step — after healing — will show only

PLAPS, i.e., again a profile of pneumonia, until
the thorax is completely dry, making a profile of
COPD/asthma.

Will the BLUE-Protocol Work
Everywhere?

We assume not. In many parts of the world, there
will be more pneumonia, such as tuberculosis.
There again, time lacks for many deprived people
for reaching the age for developing modern
chronic diseases (COPD, coronary obstructions,
etc.). In areas with no care but low exposure to
modern life and pollution, such as Amazonian
areas, maybe the rate of infectious diseases is
paradoxically lower. Our next edition should
clarify these basic points.

One additional but critical aim of the BLUE-
protocol is to provide to physicians who have no
access to radiographies and basic tests a cost-
effective tool of high accuracy.

Will Multicentric Studies
Be Launched for Validating
the BLUE-Protocol?

We actively work on this, trying to bypass some

issues:

Training teams will be the least.

Having an appropriate, intel