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DEFEATING DISEASE
IN THE 21ST CENTURY:
a global endeavor
Every second, the Earth’s population beats its numerical record. According to the World Bank,
there will be eight billion people by 2024, and nine by 2038.
Certainly, the leading causes of death vary within countries, as does life expectancy: in
developed regions, cardiovascular and neurodegenerative diseases, along with cancer,
represent the biggest challenges that doctors and scientists face. In this regard, the recentlypassed 21st Century Cures Act in the United States is called to be a major game-changer in the
fight to make those diseases history worldwide. In developing countries, where poverty and
inequality ultimately account for the majority of premature deaths, global initiatives like the
United Nations programs, following the path set by the Millennium Declaration, have made a
priority of global development and poverty eradication.
This notion, that Medicine encompasses both individual bed-side caring and global-sighted
research, connects with AMJ’s commitment to science communication through its free platform,
and with a special mission to foster scientific contributions from young doctors and scientists at the
early stages of their careers.
AMJ is published entirely in English, yet it accepts abstracts in several languages. If judged to
be of interest by the section editors, then the authors are kindly requested to submit their full
work in English. It welcomes contributions from any medical field, and its diverse Editorial
Board leans also on guest editors to cover virtually any area of basic, translational and clinical
research.
We want to thank our readers for the welcome reserved to our first issue, and encourage
previous and future authors to keep supporting this editorial project with their contributions.
Sincerely,
The AMJ Editorial Board
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INTRODUCTION
Ultrasonographic assessment of the lung had been widely
dismissed for a long time, until not so long ago. As classic
textbooks remarked, “because ultrasound energy is rapidly
dissipated by air, ultrasound imaging is not useful for the evaluation
of the pulmonary parenchyma”1. This misconception arises from a
simple fact, the presence of air, the so-called “ultrasound enemy”.
As the ultrasound beam reaches the lung, the high acoustic
mismatch between air and the surrounding tissues causes a
complete reflection of the ultrasound beam, which generates
artifacts and so prevents ultrasonography of the pulmonary
parenchyma2. Lung ultrasonography has been constructed
around lung artifacts and ultrasonography of unaerated lung
parenchyma, thus overcoming that axiom.

Chest ultrasonography was first mentioned by Rantanen in 1986
for the diagnosis of pleural effusion, pulmonary abscessation
and pneumothorax in horses3. A year later, the consistent
loss of normal pleural mobility in eight human patients with
pneumothorax4 started a quiet revolution. The extensive works
of Daniel Lichtenstein on this field in the late nineties provided
the groundwork for thoracic ultrasonography5. In the last fifteen
years or so it has become a growing discipline, solidly based on
clinical evidence6. It has been proven to be quite easy to learn,
with a quick training curve; for instance, pleural effusions can be
consistently detected after just only 15 supervised studies7. We
will try to summarize the main clinical applications of thoracic
ultrasonography for a general practitioner.

TRANSDUCER SELECTION
Lung ultrasound is based on artifact detection, so advanced
equipments with state-of-the-art filters are not needed. The
transducers are also easily available. For chest wall and pleural
examination, a high-frequency linear vascular transducer
(frequency range 7.5-10.0 MHz), such as commonly used
vascular probes, can be used. For lung parenchyma, a curvilinear
transducer (frequency range 2.5-5.0 MHz) as those used in
convex or microconvex abdominal probes is sufficient; the loss in
resolution is compensated with better in-depth imaging. Some
authors advocate a microconvex 5 MHz probe (Figure 1), specially
designed for lung ultrasonography, as best all-around probe.
The lung and pleural structures are assessed using B-mode. Pleural
movement evaluation requires M-mode. Doppler assessment is
not required for thoracic ultrasonography, but can be helpful to
assess vascularization of consolidated parenchyma. Thus, almost
any portable ultrasonograph (even handheld ones8) can be used.
A basic knowledge of ultrasound machine control is important
for ideal image acquisition. In particular, the examiner should

have a good understanding of depth, gain, and image orientation,
and the M-mode for pleural examination.

Figure 1. Microconvex probe. A 5-7.5 MHz transducer in a slender
probe, easier to get to the posterior zones of a spine patient.
Nonetheless, all sonographic images have been obtained with a
simpler abdominal probe.

TECHNIQUE
Lung ultrasound is best performed with the patient seated.
However, this may not be possible in hospitalized patients, so
it is generally performed in supine position. The probe is held
longitudinally with the marker facing cephalad, and then it is
moved along the intercostal spaces while holding it firmly and
perpendicular to the chest wall9. Thus oriented, the imaging will
show superficial tissues nearer to the transducer, upper rib at
the marker side of the screen, lower rib on the other side, and
the parenchyma in the lower part of the screen. Each intercostal
space should be checked in at least four scan lines, including
paraesternal, anterior axillary, mid-axillary, and posterior axillary
lines, and examining more areas as possible. Multiple scan lines
are performed by changing the probe to another intercostal
space; it should be performed methodically in order to develop
a three-dimensional model of the thorax by examining various
ultrasound planes.
When seating is not possible (intensive care units, acute
respiratory failure, polithrauma…) lung ultrasound will be made
in supine position. Chest wall should be divided in four regions
(upper anterior, lower anterior, upper lateral and basal lateral)
by the anterior axillary line and the mamilary level, and a fifth
optional zone, the posterolateral zone, that can be explored
by slighty rotating the patient to the other side. At least three

intercostal spaces should be checked in each zone. This eightregion sonographic technique (Figure 2), crucial in interstitial
syndrome, is sometimes called “Volpicelli method” 10.

Figure 2. Eight-zone scanning technique of the anterolateral chest in
supine patients as depicted by Volpicelli. PSL: parasternal line; AAL:
anterior axillary line; PAL: posterior axillary line.
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ULTRASONOGRAPHIC SIGNS
The normal image obtained in a longitudinal approach is usually
called the “bat-sign” (Figure 3). The upper and lower ribs are
visualized as hyperechoic lines with acoustic shadow, and they
suggest the “wings” of the bat. A little deeper, about 0,5 to 1 cm,
there is another hyperechoic line, the pleural line, conforming the
“back” of the bat.

seashore sign provides a fixed image of the lung sliding, easier to
record on clinical files.
A normally aerated lung features both lung sliding and A-lines.
Pneumothorax shows A-lines but no lung sliding. Both lung sliding
and B-lines rule out pneumothorax, as will be shown later.

Reflections and reverberations of the ultrasound beam due will
configure lung artifacts, which must be known in order to be
recognized and properly diagnosed. Lung ultrasonography is built
around A-lines and B-lines (which should not be confused with
E-lines or Z-lines):
• A-lines are a horizontal reverberation artifact (Figure 4 and
Video 1): hyperechoic, horizontal lines arising at regular
intervals from the pleural line. A-lines plus lung sliding form
the normal pattern of the lung, and can also be seen in
pneumothorax. They represent normal or excessive air content.
• B-lines (Figure 5 and Video 2) are also a reverberation artifact
that correlates with thickening of interlobular septa (fibrosis,
edema …), as they reflect the coexistence of elements with a
major acoustic impedance gradient, such as septal fluid and
alveolar air. Nonetheless, their exact anatomic and physical
basis is not certainly known at the moment. B-lines are defined
as discrete laser-like vertical hyperechoic reverberation
artifacts that arise from the pleural line, extend to the bottom
of the screen without fading, and move synchronously with
lung sliding11. They were first addressed as comet-tail artifacts
or ultrasound lung comets. Multiple B-lines are considered
the sonographic sign of lung interstitial syndrome12, and
their number increases along with decreasing air content
and increase in lung density. The presence of three or more
B-lines in an ultrasonographic field is pathological; it had been
knicknamed as lung rockets, but should be called B-pattern. The
presence of B-lines requires contact of the pleura with the lung,
and thus rules out pneumothorax with 100% accuracy13. Gravity
has to be considered. Water accumulates gravitationally, and so
B-lines are common at the diaphragm, and can be seen in up to
28% of normal patients in the lowest ultrasound fields. In acute
pulmonary edema, the trasudate under pressure is pushed
along interlobular septa against gravity, up to the anterior
chest wall of a supine patient; thus finding bilateral B-pattern
in the anterior zones (or the upper intercostals spaces if seated)
is highly suggestive of acute pulmonary edema14. But in less
severe patients B-lines are not so extensively found and focused
exploration might miss the diagnosis, if not properly used15, so a
more comprehensive study is recommended.
• E-lines are vertical artifacts, hyperechoic, arising above the
pleural line from the thoracic wall. They often correlate with
cutaneous emphysema.
• Z-lines are also vertical hyperechoic reverberation artifacts,
arising from the pleural line, but they are shorter than B-lines,
do not reach the bottom of the screen, do not follow pleural
movement and do not erase A-lines. Z-lines have no specific
pathologic meaning; sometimes they are seen in pneumothorax.

Figure 3. Bat sign. In a longitudinal scan, the upper rib, the pleural
line and the lower rib draw an image that has been described as a
flying bat.

Figure 4. A lines. Image from a COPD patient. The pleural line is
repeated in a reverberation artifact. Lung sliding can be seen.

In a normally aerated lung, the pleural line will have an undulant
movement that follows the respiratory cycle, called lung sliding.
It reflects movement of the visceral pleura against the parietal
pleura during the respiratory cycle Lung sliding requires contact
of parietal and visceral layers of the pleura, and its presence
excludes pneumothorax, again with a 100% negative positive
value16. When a patient is apneic, the lung is immobile but
trembles with cardiac beats, and so a slight movement of the
pleural layer appears if both layers are applied, called lung pulse,
also excluding pneumothorax when it is present.
When in doubt about lung sliding, or when a fixed image is
needed, M-mode can help. A normal lung in time-motion mode
will show the seashore sign. Above the pleural line there is the
chest wall, immobile, and in M-mode that will show a succession
of horizontal lines, recalling the sea. Below the pleural line,
the mobile lung gives a grainy image, recalling the beach. The
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Figure 5. B-lines. B-lines arise from the pleural line, move with lung
sliding, reach the bottom of the screen, and usually erase A-lines.
Left side, fixed image of a single B-line. Right side, video with
multiple B-lines in two consecutive intercostals spaces, from an
acute heart failure.
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BASIC ULTRASONOGRAPHIC PATTERNS
The ultrasonographic pattern of any disease will depend,
ultimately, on the proportion of air and water. The four main
patterns would be:
• Only air, as in pneumothorax.
• Mostly air but more water than usual, as in interstitial
syndromes.
• Mostly water, as in condensations.
• Only water, as in pleural effusions.

Water follows gravity and is dependant. Pleural effusions and
consolidations are best explored in dependant fields (basal in
seated patients, posterobasal in supine patients). Air is nondependant, so pneumothorax is best explored in the apex of the
seated patient, and the paraesternal fields of the supine patient.
Interstitial syndromes have water and also are dependant; thus
findings of interstitial lung syndrome in non-dependant zones
are diagnostic, but in the dependant fields must be clinically
appraised.
As water is probably the easiest to recognize in ultrasonography,
we will start from pleural effusions and work towards
pneumothorax.

PLEURAL EFFUSION
Ultrasound is probably the best tool for assessment of effusions,
as it can detect the effusion, evaluate its volume, provide
information on its nature, and indicate the appropriate area for
thoracenthesis.
Ultrasound is superior to chest radiograph for the detection of
pleural effusion17, with performance comparable to computed
tomography18. A posterior-anterior view can miss effusions of
up to 150-200 ml, whereas lateral view is more sensitive and
usually diagnoses effusions of about 50 ml. In supine patients
water accumulates posterior to the lung and is difficult to
appraise, so effusion of up to 500 ml can be easily dismissed in
anterior-posterior supine views, usual in more severe patients.
Ultrasonography is simply better than chest radiograph19, as it
has a sensibility of 100% and specificity of 99,7% for effusions of
more than 10 ml.
To evaluate effusion, dependant areas must be examined: lateral
and posterior in supine patients, basal in seated ones, where the
best place to look for free effusion is at the posterior axillary
line above the diaphragm. It is imperative to properly identify
the anatomic landmarks, especially before thoracocenthesis:
diaphragm (by using the liver or spleen as references), chest wall,
and dynamic motion of the consolidated lung with inspiration.
The atelectasic lung is usually seen undulating within the
effusion, the so-called lung flapping (Video 3). If we apply
M-mode, movement of the visceral pleura during respiratory
cycle will show the sinusoid sign, nearly pathognomonic of pleural
effusion. Another diagnosis sign is the quad-sign (Figure 6), as in
the screen the effusion will show four lineal limits: laterally, the
two acoustic shadows of the ribs, superficially, the parietal pleura
and in depth the visceral pleura. Finding both quad sign and
sinusoid sign yields a specificity of 96% for effusion.
Pleural effusion can range in echogenicity, from the completely
anechoic to homogeneously echogenic. There are four main
patterns. Anechoic effusion, with no echogenicity, usually
correlates with trasudates. A complex nonseptated pattern
is an effusion with some echogenicity within the fluid but
no fibrin strands or septations. A complex septated pattern
has echogenicity, fibrin strands and septations within;
ultrasonography yields better accuracy than CT scan for complex

effusions as it can distinguish those septations and fibrin20.
The homogenously echogenic pattern has hypoechoic density
evenly distributed within the effusion. Transudates may be either
anechoic or complex nonseptated, but never complex septated
or homogenously echogenic21,22. Exudates may have any of the
four patterns; an anechoic effusion does not rule out exudate.
Homogeneous echogenic usually correlates with hemothorax
or empiema; with thoracic movement they can be displaced and
sometimes a “snow flurry” is seen. When suspecting effusion of
malignant origin, pleural thickening greater than 1 cm, pleural
nodularity, and diaphragmatic thickening greater than 7 mm
support malignant effusion23.
Effusion can be difficult to diagnose when the effusion
echogenicity is very high (complex complicated effusion,
hemothorax, empiema, hidrofibrothorax, coexistence of
consolidation) or with some chest wall alterations (obesity,
oedema, muscular hypertrophy) which can lower imaging quality.
Ultrasonography can be used to assess effusion volume24, and to
guide thoracocenthesis. This has been proven to lower the rate
of complications, and has been widely discussed and accepted as
the standard of care nowadays.

Figure 6. Quad sign and sinusoid sign. A pleural effusion depicts a a
cuadrangular image, with four limits: laterally, the acoustic shadows
of the ribs; externally, the parietal pleura; internally, the visceral
pleura. Visceral pleura moves toward chest wall with the respiratory
cycle, so when M-mode is applied a sinusoid image can be obtained.
Combination of quad sign plus sinusoid sign confirms the diagnosis
of effusion.

07

THORACIC ULTRASONOGRAPHY:
A clinical approach

08

CONSOLIDATION
Echographic consolidation does not imply a specific diagnosis. It
can be due to an infection, an infarction in pulmonary embolism,
a neoplasm (either primary cancer or metastasis), a compression
or obstructive atelectasis, or a contusion in thoracic trauma, so
clinical correlation is always needed. For a consolidation to be
seen with ultrasonography it must contact the pleura; nearly
90% of pneumonia can be diagnosed this way.
A lung consolidation has a higher rate of water, and so
it is usually dependant. It must be searched in basal or
posterolateral zones. Finding consolidation in anterior planes
usually means global extension.
The unaerated lung is hypoechoic and must be localized by
anatomic landmarks. The external limit of the consolidation is
the visceral pleura, and is well defined. The internal limit is the
transition with aerated lung, and is usually ill-defined, shaggy,
resembling a shredder in its irregular contour (shred sign or fractal
sign). If the internal limit is well-defined, that usually means a
whole lobar consolidation.
Consolidations are usually more hypoechoic than liver or
spleen. A lung consolidation hyperechoic than the liver is called
hepatized; Doppler can help differentiate hepatizing from
necrotizing pneumonia.

Pneumonia usually has effusion, effusion usually results
in atelectasis, and so consolidation with adjacent effusion
presents a diagnostic challenge. Atelectasic or pneumonic
origin can be acknowledged by the dynamic bronchogram.
The consolidated parenchyma surrounding aerated bronchii
result in punctate echogenic foci, called air bronchograms 25.
When bronchii are connected with external airways, they move
with the respiratory cycle, towards the wall in inspiration
(Video 4). To ascertain movement, the bronchus must be in
the exact plane of the transducer or it will blink in and out
of plane. Dynamic bronchogram precludes atelectasis. Static
bronchogram can be seen in both pneumonia and atelectasis.
When pneumonia with only static bronchogram at diagnosis
develops dynamic bronchogram, that implies better aeration
and a good evolution. In atelectasis, a lung pulse is usually
seen26, especially in acute atelectasis.
Ultrasonography is very sensitive for consolidation. Chest
radiographs have a low concordance between clinicians and
radiologist, especially with low-quality views, as are those
usually taken in emergency room or intensive care units.
Ultrasonography has an impressive 90% sensitivity and 98%
specificity when compared with CT scan in ICU settings27, thus
outperforming chest rays for the diagnosis of consolidation. Also,
it does not require a long time to master, as it may be considered
as a basic sonographic technique with a steep learning curve.

INTERSTITIAL SYNDROME
Interstitial syndrome comprises a variety of lung diseases that
alter the alveolo-interstitial space, such as pulmonary edema
(acute heart failure, acute respiratory distress [ARDS]), interstitial
pneumonia or pneumonitis, and diffuse parenchymal lung disease
(pulmonary fibrosis, rheumatologic diseases). Multiple B-lines are
the sonographic sign of lung interstitial syndrome.
The presence of interstitial syndrome should be checked
following the basic eight-region sonographic technique formerly
explained. A positive region means finding three or more
B-lines (a B-pattern) in one intercostal space; finding two or
more positive regions in each side is diagnostic of interstitial
syndrome. Another approach is screening for B-lines in 28 defined
regions and adding the number of B-lines28. If B-lines cannot
be individually counted, their number can be approximated
by dividing the estimated area between two ribs covered with
B-lines (in percentage) by ten. In the critically ill, a simpler
approach by just scanning the anterior regions is sufficient to
rule-in or rule-out pulmonary edema29.
Water is dependant. B-lines in dependant zones are found in
28% of healthy people. Finding B-lines in non-dependant regions
implies more diffuse and usually more severe conditions.
Isolated B-lines or focalized B-pattern suggest other possibilities
instead of interstitial syndrome. They are usually seen in
condensations (pneumonia and pneumonitis, atelectasis,
pulmonary contusion, pulmonary infarction), pleural disease or
neoplasia and can be non-dependant.
Ultrasonography cannot distinguish the nature of accumulated
fluid, nor its mechanism. But interstitial syndrome plus some
specific findings strongly suggest specific causes:
• Cardiogenic pulmonary edema usually has homogeneous
bilateral B-pattern, with regular pleural lines. In a supine

patient, anterior B-pattern correlates with Capillary Wedge
Pressure above 18 cmH2O, whereas bilateral anterior A-lines
precludes it30.
• Diffuse parenchymal lung disease (such as fibrosis or
rheumatologic diseases) usually shows non-homogenous
B-pattern, pleural line abnormalities (fragmented or irregular)
and subpleural abnormalities (small hypoechogenic areas)
• ARDS usually shows non-homogeneous B-lines, pleural line
abnormalities (irregular and thickened), reduction or even
absence of lung sliding, anterior subpleural consolidations and
spared areas of normal parenchyma.
Lung ultrasound is superior to conventional chest radiography
both in ruling-in and ruling-out interstitial syndrome31. It is
easy to perform32, easy to learn with a steep learning curve, and
should be considered a first-line approach to acute dyspnea. An
extensive training is not required. In a trial, resident physicians
with limited prior ultrasonographic experience, after 30-minute
lecture on technique and recognition of sonographic B-lines,
were able to correctly diagnose interstitial syndrome in acute
patients, with an astonishing sensitivity 85%, specificity 84%,
positive predictive value (PPV) 64%, and negative predictive
value (NPV) 94%), with no significant difference in the AUC with
experienced sonographers33.
Lung ultrasonography has been extensively studied in
Emergency Ward settings, for the differential diagnosis of COPD
versus acute heart failure34,35, and it can correctly diagnose heart
failure, even better than natriuretic peptides36,37, as has been
confirmed in meta-analysis38,39. Moreover, the semiquantitative
28-region approach can help to monitor response to diuretic
treatment40. It has been advocated as first line imaging
technique in acute dyspnea.
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PNEUMOTHORAX
Pneumothorax (PNX) is a relatively common diagnosis in both
Emergency Wards and Intensive Care Units. Chest radiographs
can lead to misdiagnosis in as much as 30% patients, especially
in emergencies, polithrauma, and ICU. Ultrasonography is faster,
easier to perform and yields a better diagnostic performance
than chest radiographs in this setting.

This ultrasonographic signs have been widely evaluated. For
instance, a meta-analysis combining eight articles (total of 1084
patients) with just B-lines and lung-sliding as rule-out criteria
showed that ultrasonography was 90.9% sensitive and 98.2%
specific for the detection of PNX, whereas chest radiography was
only 50.2% sensitive and 99.4% specific41.

Pneumothorax cannot be directly seen with ultrasound, as air
reflects the acoustic beam. In the sonographic study of PNX, we
must search for four signs:

A simple algorithm for the diagnosis of PNX has been proposed42
(Figure 8). It can consistently rule out PNX, but its positive
predictive value is slightly lower. The consensus is that diagnosis
of PNX can require more nuanced interpretation of the
combination of findings, as lung bullae, contusions, adhesions,
and some other conditions can result in false positives. As usual,
the clinical setting must be taken into account: in an unstable
patient, a quick bilateral check at paraesternal lines can rule out
PNX (as it should be big enough to account for the unstability of
the patient), but in less symptomatic patients a full sonographic
examination is required to search for smaller PNX.

•
•
•
•

Abscense of lung sliding.
Abscense of B-lines.
Abscense of lung pulse.
Presence of lung point.

A normal chest has apposite pleural layers, separated by a small
layer of pleural fluid. This apposition will result in lung sliding, in
a patient with respiratory movement, or lung pulse in an apneic
one. So the presence of lung sliding or lung pulse rules out PNX at
that point with 100% NPV. The absence of those signs does not
constitute formal diagnosis per se of a PNX, as other conditions
can also abolish lung sliding.
B-lines arise from the pleural interface and require that both
layers are applied, so the presence of B-lines excludes PNX at that
point. Again, with 100% NPV. Absence of B-lines does not imply
PNX. A-lines are usually seen in PNX, as they can be seen in both
normally or highly aerated parenchyma.

Lung ultrasound is simply more accurate than chest radiography
particularly in ruling out PNX, frankly better than supine views,
and so it must be preferable. There are some settings where lung
ultrasound for PNX is not only recommended but also essential:
cardiac arrest/unstable patient, radio-occult PNX, and limitedresource areas.

Lung sliding is usually evaluated in B-mode in a dynamic fashion.
As previously explained, it can also be ascertained in M-mode,
where lung sliding depicts the seashore sign (Figure 7). When
there is a PNX, the seashore sign disappears, and both the
thoracic wall and the immobile lung show a lineal pattern with
no transition, often called “stratosphere sign” or “barcode sign”.
There is no official consensus for that denomination. A-lines plus
stratosphere sign suggest PNX, but do not confirm it.
Air is not-dependant, so in a supine patient a quick evaluation of
every intercostals space at the paraesternal line can quickly rule
out PNX. If absence of lung sliding is confirmed, the probe can
be moved laterally, and lung sliding may reappear. That implies
that the lung is apposite to the parietal pleura at that point and
not in more elevated places, thus diagnosing PNX. If the probe is
applied at that point and maintained during the respiratory cycle,
lung sliding appears and disappears rhythmically. In M-mode,
seashore sign alternates with stratosphere sign. That is called
the lung point, and it has near to 100% PPV for diagnosing PNX.
It represents the physical limit of PNX as mapped on the chest
wall. The proximity of lung point to the paraesternal line has been
proposed as a measure of the PNX extension; the more lateral
the lung point, the bigger the extension of the PNX. However,
the lung point can detect the extension but not the volume of
the PNX, and as of today is not recognized as a valid method to
differentiate large and small PNX.

Figure 7. Right side, Seashore sign. The unmoving planes of the chest
wall appear in M-mode as continuous parallel lines, resembling
arriving waves. The moving lung depicts a grainy image, recalling
the sand. Seashore sign is the M-mode reflection of the lung sliding,
easier to record on clinical files. Left side, lung pulse. In pneumothorax
(and apneic patients), both the chest wall and the lung are unmoving
during respiratory cycle, thus generating horizontal lines. If the
horizontal lines are interrupted by small grainy bands, synchronous
with heart beat, that is called lung pulse, and also excludes
pneumothorax. Lung pulse from an apneic patient.
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3
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Yes
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Pneumothorax
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Pneumothorax
conﬁrmed

No
pneumothorax

Figure 8. Four-step flow chart on diagnosing pneumothorax. Modified from the “International evidence-based recommendations for point-ofcare lung ultrasound” consensus This flow chart suggests the correct sequence and combination of the four sonographic signs useful to rule out
or rule in pneumothorax.

OTHER UTILITIES AND LIMITATIONS
Lung ultrasound has been used in pediatrics settings43. In
neonates, ultrasound can differentiate suspected respiratory
distress syndrome (RDS) from transient tachypnea of the
newborn (TTN). Neonates with RDS usually show pleural line
abnormalities, absence of spared areas and bilateral confluent
B-lines, whereas TTN usually show bilateral confluent B-lines in
the dependent areas of the lung (“white lung”) and normal or
near-normal appearance of the lung in the superior fields. Lung
ultrasound is as accurate as chest radiography in both diagnoses.
Pneumonia can also be diagnosed by ultrasound. Its signs are
just the same as in adults. Lung ultrasound has demonstrated
to be no less accurate than chest radiographs for pneumonia44,
so a positive lung ultrasound may exclude the need to perform
radiographs.
Pulmonary embolism (PE) cannot be directly diagnosed by lung
ultrasound alone, but can be with multiorgan ultrasound, as
has been shown in some studies45,46. Multiorgan ultrasound
includes lung ultrasound, compression venous ultrasonography
of the legs, and clinical transthoracic echochardiography. Lung
ultrasound rules out other causes of dyspnea, compression
venous ultrasonography rules in deep venous thrombosis, and
that is deemed sufficient to initiate anticoagulation47. But when
it is combined with lung ultrasound showing small peripheral
consolidations, with no vascularization on Doppler, then it is
diagnostic of a small peripheral PE with lung infarction. And if
deep venous thrombosis coexists with right ventricle pressure
overload and dysfunction in the echocardiogram of an unstable
patient, that is sufficient to prompt immediate reperfusion
without further testing48, as that combination has 90%
sensitivity and 96% specificity in that clinical context. Multiorgan
point-of-care ultrasound is suggested as a valid alternative for PE
diagnosis in recent guidelines49.
Lung ultrasound has been advocated as first-line complementary
test in the evaluation of dyspnea. By integrating of all the
sonographic findings it can provide a diagnosis with better
accuracy than chest radiographs and natriuretic peptids. Some
algorithms have been proposed50 (Figure 9).

Lung ultrasound can also be used to assess diaphragmatic
motion51 and is useful to detect diaphragmatic palsy or
weakness52. It can be used in chest trauma to search for broken
ribs (and pulmonary contusions and effusions). It is widely used to
help in invasive pulmonary procedures, such as thoracocenthesis,
chest wall biopsy, pleural biopsy or chest tube insertions.
Lung ultrasound limitations come from three practical aspects:
• Patient-dependant limitations. Obese patients may present
difficulties due to the thickness of their ribcage and soft tissues.
Subcutaneous emphysema precludes the propagation of the
ultrasound beams, whereas subcutaneous edema may limit it.
• Disease-dependant limitations. Lung ultrasound does not rule
out abnormalities not reaching the pleura. Mediastinum is
usually out of reach. Consolidations may not be attached to the
pleura, especially tumors. With pleural pathologies (effusion,
PNX) ultrasound rules in and rules out. But with parenchymal
pathologies ultrasound rules in but not always rules out.
• Specificity. Lung ultrasound is generally highly sensitive, but
unspecific. B-pattern can represent lung fibrosis, or pulmonary
edema, or acute distress, and so all ultrasonographic findings
must be evaluated in a holistic approach. Also, a localized sign
may be tip of the iceberg of a bigger issue, as pneumonia or
tumors can produce focal interstitial syndrome or effusions.
The training curve for thoracic ultrasound is steeper than for
other ultrasonographic studies. Point of care ultrasound is easy to
master in a short time both for practitioners53 and for students54.
But thoracic ultrasound is even easier. Pleural effusions55,
consolidations and interstitial syndrome56 can be properly
diagnosed with a very short training, but PNX is a bit trickier. Its
learning and use should be encouraged.
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DYSPNEA
HISTORY AND PHYSICAL EXAMINATION
LUNG ULTRASONOGRAPHY

Absence of
lung sliding

B-lines

Bilateral
B-pattern

Pleural
eﬀusion

Consolidation

Focal
unilateral

Bilateral

Echocardiography
Signiﬁcative
cardiopathy
Pneumothorax

Acute
Heart Failure

Unilateral

Echocardiography

Normal
Non-cardiogenic
Pulmonary Edema; or
Interstitial Pneumopathy

A-lines

Pneumonia or
Neoplasia

Signiﬁcative
cardiopathy

Normal

Acute
Heart Failure

Fluid Overload; or
Hypoalbuminemia

Pneumonia or
Neoplasia

Consider Pulmonary Embolism:
multiorgan ultrasonography

- Lower limb US (for DVT)
- Echocardiography (for RV overload)
- Lung ultrasound
(for small subpleural consolidations)

Figure 9. Proposed algorithm for the diagnosis of dyspnea. Diagnosis work-up starts with history and physical examination, followed by lung
ultrasonography. Some findings (absence of lung sliding, consolidation, isolated B-lines) suggest a clear diagnosis, other (B-pattern) require
further studies, such as echocardiograpy. Adapted with consent form “Ecografia cardiovascular” (in press).

CONCLUSIONS
Thoracic ultrasound is easy to master, requires only the most
basic equipment, and can be used in almost every patient,
regardless of their clinical situation. Any physician can learn it
and master it after a brief learning curve, much shorter than
for other sonographic techniques. Its advantages against chest
radiograph are clear: ultrasound reduces radiation exposure and
delay, and avoids movement of the patient. It is not a timeconsuming technique, but a time-saving one. It may even be a
life-saving one, in critical patients, as it can guide interventional
procedures or provide a working diagnosis.
There are many good reasons57 to use thoracic ultrasound as a
bedside diagnostic tool. It must be used as every other pointof-care ultrasonography: always focused and guided by clinical
suspicion. Knowledge of the basic ultrasonographic findings (A
lines, B lines and B pattern; lung sliding, lung point, and lung pulse

for PNX; quad sign and sinusoid sign for effusion; fractal sign and
dynamic bronchogram for consolidations) is required but easy
to achieve. When it is wisely used, in conjunction with clinical
assessment, most cases of dyspnea will be diagnosed, quickly
ruling out severe causes. Its performance is better than chest
radiographs or natriuretic peptids. It can also provide information
on evolution of patients, especially about extravascular fluid. It
can help with interventional procedures.
Thoracic ultrasonography quickly provides valuable information
that aid in the diagnosis, treatment and management of patients.
There are many reasons to use it, and not a single one not to.
Most probably, chest radiographs will soon be replaced as first
complementary exams of the thorax. All considered, thoracic
ultrasound may even replace the stethoscope as first clinical
examination.

Asthma
COPD
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PNEUMONIA ACQUIRED IN THE COMMUNITY
WITH POSITIVE SEROLOGIES FOR RICKETTSIA CONORII
Ilduara Pintos Pascual, Soledad Domínguez Mendoza, María José Calvente Cestafe.

We present the case of a 50-year-old woman with a history of
possible non-studied cephalosporin allergy, a 20-year ex-smoker
of 20 cigarettes a day for 10 years. No relevant medical history
except 12 years ago she had presented an episode of communityacquired pneumonia with good progression and finding on
a solitary pulmonary nodule radiograph with no changes in
follow-up. She went to her primary care physician for dyspnoea,
non-productive cough, pleuritic chest pain, fever and asthenia
the prior 4 days without other associated symptoms. An x-ray
was performed showing an infiltrate compatible with pneumonia
in the medial segment of the middle lobe (Figure 1).

doubtful positive titers for Coxiella burnetii and positive for
Rickettsia conorii. The patient referred persistence of asthenia
and arthromygias in improvement and complete resolution of
respiratory clinic. Full analysis is required to assess other causes
of asthenia and arthritis, with the results being strictly normal.
The patient progressed favourably with complete resolution of
symptoms after two months.

She was treated with levofloxacin for 7 days (she was afebrile
from the second day). Subsequently, she persisted with a nonproductive cough and intense asthenia, associating generalized
arthromygias and returning to primary medical care. Serologies
for Coxiella and Brucella were negative and for Rickettsia conorii
IgG and IgM were positive. No other serologies were performed
or other samples obtained for microbiological analysis, neither
basic biochemistry nor hemogram was extracted and doxycycline
was started. Given the lack of improvements in the three days of
the new treatment, she went to the emergency room.
The patient was treated in the summer. She has a veterinary son,
two dogs, a cat and a parakeet. She has had parakeet records
with psittacosis. There is no record of tick bites, no appearance
of cutaneous lesions, presented headache at the beginning of the
table that related to cough and fever. In the physical examination
skin lesions were not observed, the pulmonary auscultation was
normal and in the abdominal examination hepatosplenomegaly
was not palpable, the rest of exploration showing no additional
findings. Urgent radiography was requested where the previous
infiltration was not evident after the course of one month from
the beginning of the symptomatology (Figure 2).

Figure 1. Infiltrate in the medial segment of the middle lobe.

Serologies for atypical pneumonia including Mycoplasma
pneumoniae, Chlamydia spp, Legionella pneumophila, Coxiella
burnetii and serology for Rickettsia conorii were repeated
on suspicion of probable cross-serology. The patient was
referred for collection of results and clinical reevaluation in
two weeks. Serologies were reportedly all negative except for

Figure 2. X-ray after a month of evolution without an infiltrate.

DISCUSSION AND CONCLUSION
We present a possible case of Rickettsia conorii pneumonia.
Although no direct identification was obtained, the presence of
serologies and the clinic could be compatible with a new case
of Rickettsia conorii pneumonia. Although, it could be another
species with cross-reaction, so the absence of exanthema and
black spot that appears in a high percentage of patients.
Rickettsia conorii pneumonia is a very uncommon entity with only
a few cases described in the literature1,2. In a recent review3, 34%
of the patients presented contact with dogs and 10% noticed
the tick bite. Most common symptoms were: fever 98%, myoarthralgia 64% and headache 48%. Maculopapular rash was
noticed in 87%, inoculation eschar was found in 60%.

Direct identification of Rickettsia by cellular culture, immunehistological techniques or PCR from skin or eschar biopsies is
the most specific method of diagnosis4. As direct identification
of Rickettsia is expensive, serological tests are the most
frequently used diagnostic method. The diagnosis is confirmed
by seroconversion or by a fourfold rise in titers between acute
and convalescence serum samples5. However, the selection of
antigens used in this method is limited and cross-reacts with
different Rickettsia, making it difficult to identify the definitive
etiological agent6.
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CHARACTERIZATION OF SD-OCT FINDINGS
IN PREECLAMPTIC WOMEN WITH VISUAL SYMPTOMS
E. Ispizua-Mendivil

ABSTRACT
introduction & aim

Preeclampsia is a pregnancy complication characterized by high blood pressure and proteinuria that begins after the 20th week.
Visual symptoms concern up to 25% of patients with severe preeclampsia and 50% of patients with eclampsia. In this study
we present 5 patients with mild to severe preeclampsia, which were referred to our Ophthalmology department due to visual
disturbances during the onset of the preeclampsia or after delivery. There have been only few reports describing OCT (optical
coherence tomographgy) findings in preeclampsia to date and we aim to describe the characteristics of the SD-OCT (spectral
domain) imaging study in the acute phase and during the follow-up.

methods

All patients were examined with slit-lamp biomicroscopy and OCT. The most common complaint was blurry vision, which started
during preeclampsia onset or after delivery. The most common finding in our study was bilateral serous retinal detachment (SRD),
in some cases with macular involvement, that resolved spontaneously; followed by peripapillary fluid and photoreceptor and
retinal pigmented epithelium layer (RPE) irregularity. The most common sequel was hyperreflective points in NIRS images, which
are consistent with RPE mottling. These were more remarkable in a patient with “HELLP” syndrome (a severe complication of
preeclapmpsia), who displayed many deposits over the RPE layer.

conclusions

SD-OCT can be very helpful in the initial examination and follow-up, due to its ability to detect early minimal amount of subretinal
fluids. Preeclampsia should be treated urgently by a gynecologist, and the antihypertensive treatment combined to the delivery can
improve the ophthalmologic condition rapidly.

INTRODUCTION
Preeclampsia is a pregnancy complication characterized by high
blood pressure and proteinuria that begins after the 20th week.
Visual symptoms concern up to 25% of patients with severe
preeclampsia and 50% of patients with eclampsia1,2.

There have been only few reports describing OCT findings in
preeclampsia to date3 and we aim to describe the characteristics
of the SD-OCT imaging study (Heidelberg Spectralis and Cirrus
HD-OCT 500, Zeiss) in the acute phase and during the follow-up.

METHODS
From September 2015 to October 2016, 4 patients with visual
disturbances were referred to our Ophthalmology Department
(Hospital de Basurto, Bilbao, Spain) during hospitalization in
Gynecology due to mild to severe preeclampsia. Another patient
came to the E&A department after two days with blurry vision,
which appeared to be the first manifestation of a HELLP syndrome
(Hemolysis, Elevated Liver enzyme levels, and Low Platelet levels;
a life-threatening complication of preeclampsia). All patients
were examined with slit-lamp biomicroscopy and OCT. We
retrospectively studied the funduscopy and OCT exams looking
for common features. In order to characterize them, we used some
descriptions which have been used before in similar studies. We
looked for the following features in the funduscopic exam:
1.
2.
3.
4.
5.

Serous Retinal Detachment (SRD);
Macular Edema;
Peripapillary fluid;
Retinal Hemorrhages;
Cotton wool exudates.

Moreover, we searched the following characteristics in the OCT
exams, following the guide of other previous publications4:
1.
2.
3.
4.

Foveal contour flattening;
Subretinal fluid (peripapillary and/or subfoveal);
Ellipsoid line irregularity;
Abnormality at retinal pigment epithelium (RPE) level
(irregularity or lesion);
5. Others such as intrarretinal fluid.
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RESULTS
The most common complaint was blurry vision (counting fingers
to 6/6), which started during preeclampsia onset or after delivery.
8 of the 10 eyes presented variable-sized SRD (3 of 5 patients had
bilateral SRD, which represent a larger case of series than others
presented before5). We were unable to perform full examination
on two patients due to their unstable condition. Those patients
we could examine fully during the first visit showed macular
edema in 3 of 8 eyes, peripapillary fluid in 3 of 8 eyes, a foveal
hemorrhage in 1 of the eyes (Figure 1). Retinal OCT showed foveal
contour flattening in 2/5 eyes, subretinal peripapillary and/or
subfoveal fluid in 7/10 eyes, irregularity or lesion of RPE in 1/3 eyes
and intrarretinal fluid in 1/3 eyes. The regions with intrarretinal
fluid, showed color irregularity, with dark and grey areas in the
diffuse near-infrared spectroscopy (NIRS) (Figure 3). During the
follow-up, all SRD resolved in a period between a week and a
month, after antihypertensive treatment and delivery. However,
after 3 weeks, 2 of 3 patients had hyperreflective points in
NIRS. These were more remarkable in the patient with HELLP
syndrome, who had many deposits over the RPE layer6 (Figure 2).
Finally, one patient showed in 3 cotton wool exudates, consistent
with retinal thickening, and showing hyperreflectivity of mid and
internal retinal layers.

Figure 1. This 35-year-old woman suffered Metamorphopsia since
delivery, but we could only assess her a week later, when she was
discharged from Intensive Care Unit.

In figure 1 we can appreciate the progression of one of the patients,
who developed SRD and retinal hemorrhages in her left eye.
In figure 2 we can observe the OCT progression of another
patient, with HELLP syndrome, a major complication of
preeclampsia, with liver involvement and platelet decrease.
The left eye showed subfoveal edema with RPE mottling, which
resolved almost completely within 1 month.

Figure 2. Severe preeclampsia (with HELLP syndrome, which is a
life-threatenig complication of preeclampsia) was diagnosed after
this 30-year-old patient consulted in a Private Ophtalmology clinic
for bilateral loss of vision. In that moment bilateral Serous Retinal
Detachment was found. Cesarean section was performed urgently.

Figure 3. Subretinal and intrarretinal fluid in another patient,
showing color irregularity, with dark and grey areas in the diffuse
near-infrared spectroscopy (NIRS).
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DISCUSSION AND CONCLUSIONS
A funduscopic examination should be performed in every
patient with preeclampsia and blurry vision as long as her overall
condition permits it, and if we are not delaying any urgent
treatment. SD-OCT can be very helpful in the initial examination
and follow-up, due to its ability to detect early minimal amount
of subretinal fluids. The most common finding in our study was
bilateral SRD, in some cases with macular involvement that
resolved spontaneously; followed by peripapillary fluid and
photoreceptor and RPE irregularity. The most common sequel
was hyperreflective points in NIRS images, which are consistent
with RPE mottling. These were more remarkable in the patient
with HELLP syndrome7, who displayed many deposits over the
EPR layer. The cotton wool exudates show hyperreflectivity of
mid and internal retinal layers and probably are related to retinal
mid and internal vascular plexus7. Preeclampsia should be treated
urgently by a gynecologist, and the antihypertensive treatment
combined to the delivery will improve the ophthalmologic
condition rapidly.
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ABSTRACT
objective

To evaluate the clinical significance of mild ventriculomegaly and to identify associated anomalies.

material and methods

The data obtained were detected in week 16 to 27 of gestation, from 2011 to 2015, by 4 experts sonographers.

results

46 ventriculomegalies were detected of 10427 gestations: 41 (89%) mild, 3 (6%) moderate, 1 (2%) severe and 1 (2%) was diagnosed
postnatally.
Regarding the mild ventriculomegalies:
• 1 (2%) progressed to severe.
• 12 (29%) occurred in men and 29 (70%) in women.
• 11 (26%) were associated with brain abnormalities.
• 8 (19%) were associated with extracerebral abnormalities.
• 1 (2%) was associated with altered karyotype.
• 2 (4%) were associated with cytomegalovirus infection.
• The 83% were resolved intrauterine.
• The Incidence of false negatives was 2%. 4% was associated with agenesis of the corpus callosum postnatal.
• 2 (4%) were associated with psychomotor retardation.
• All (100%) received normal schooling, and one (2%) early care and rehabilitation.

conclusions

Mild ventriculomegaly often resolves in utero. The mild ventriculomegaly which is progressive and associated with other
malformations or positive serological tests is predictive of adverse neonatal outcomes.

INTRODUCTION
Mild ventriculomegaly (10-15 mm) represents a frequent dilemma
in perinatal management and counseling for parents. The
present study aims to evaluate the clinical significance of mild
ventriculomegaly and to identify associated anomalies.

METHODS
The data obtained from mild ventriculomegalies were detected
from weeks 16 to 27 of gestation, retrospectively, through the
prenatal ultrasounds carried out in the Hospital Fundación
Jiménez Díaz from 2011 to 2015. We collected information of the
measurement of the lateral ventricles, intrauterine progression
or not, bilaterally or not, associated cerebral and extracerebral
anomalies, chromosomopathies, TORCH, Arrays, fetal percentile
and therapeutic abortion. Also, data were collected on postnatal
outcomes: postnatal brain ultrasounds, associated psychomotor
retardation, microcephaly, other cerebral and extracerebral
malformations, associated cerebral palsy, normal schooling or
special education, attendance at early rehabilitation centers and
the need of posterior rehabilitation.

Ultrasound and amniocentesis were performed by 4 expert
sonographers. The atrium of the lateral ventricles was measured
at the level of the glomus of the choroid plexus. The callipers
were positioned correctly at the inner edge at its widest part
and aligned perpendicular to the long axis of the ventricle. The
postnatal results were followed up for four years, by experts
neuropediatricians of the pediatric department of the Hospital
Fundación Jiménez Díaz.
The statistical program that has been used is R version 3.1.2.
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RESULTS
Out of a total of 10427 pregnancies, 46 ventriculomegalies were
detected. Of these, 41 (89%) were mild, 3 (6%) moderate, 1 (2%)
severe and 1 (2%) was diagnosed postnatally. Of these, 42 (91%)
were detected at week 20 of gestation, 1 (2%) at week 24, 1 (2%)
at week 26 and another (2%) at week 27 of gestation.
Regarding the mild ventriculomegalies:
•
•
•
•

•

•
•
•
•
•

1 (2%) progressed to severe.
12 (29%) occurred in men and 29 (70%) in women.
19 (46%) were bilateral and the rest (53%) unilateral.
11 (26%) were associated with brain abnormalities: 4 (9%)
with choroid plexus cysts, 1 (2%) with spina bifida, 1 (2%) with
agenesis of corpus callosum, 3 (7%) with choroidal plexus
papillomas, 1 (2%) with megacisterna magna and 1 (2%) with
periventricular cyst in anterior horn.
8 (19%) were associated with extracerebral anomalies: 4
(9%) were associated with pelvic ectasia, 1 (2%) to placental
mosaicism, 1 (2%) with an enlarged gastric chamber, 1 (2%)
with Dextrocardia with levoapex, gastric chamber in the thorax
and ambiguous external genitalia and 1 (2%) with intestinal
obstruction.
1 (2%) was associated with altered karyotype (inversion of
chromosome 21) and the rest were with normal karyotype.
2 (4%) were associated with cytomegalovirus infection.
4 (9%) women performed therapeutic abortion due to
associated abnormalities (spina bifida, CMV and diaphragmatic
hernia associated with megacisterna magna).
All (100%) newborns had normal weights and Apgar test at
birth >8/9.
Brain ultrasound (18) was performed with an average age of
the month of birth and of these only 3 (16%) confirmed the
intrauterine diagnosis of ventriculomegaly. This means that
the remaining (83%) mild ventriculomegalies were resolved
intrauterine.

With regard to malformations of the central nervous
system confirmed at birth: The agenesis of corpus callosum
was confirmed and another agenesis of corpus callosum
was postnatally diagnosed. Then, the incidence of false
negatives (prevalence of postnatal alterations in the group of
ventriculomegalias classified as isolated) in prenatal diagnostic
tests was 2%. In addition, 4% was associated with postnatal
corpus callosum agenesis.
• 2 (4%) were associated with psychomotor retardation (language
delay and communication): the patient who was diagnosed
with agenesis of the postnatal corpus callosum and one patient
who was diagnosed as isolated. The other agenesis of corpus
callosum has remained asymptomatic until today.
• None attended with cerebral palsy, or microcephaly.
• All (100%) received normal schooling, and one (2%) received
early care and rehabilitation which was the corpus callosum
agenesis which was described above.

DISCUSSION
Compared to publish data, it has been shown that 16% of mild
ventriculomegalies are progressive (1), which differs from our
2% incidence of progression. Eighty three percent of intrauterine
regression has been reported (2), which agrees with our 83% rate.
The ratio of chromosomal abnormalities is 2.8%, which closely
resembles our 2% result (1). Ventriculomegalies have been found
to be associated with CMV, TXP and rubella. In fact, the incidence
of CMV as a cause of ventriculomegaly varies from 0 to 5% of
cases (3, 4); in our study the incidence was also similar: 4%. A
male predominance of 1.7% has been found, but this data has not
been shown to be statistically significant (1). In our case, there is a
predominance of females.

CONCLUSSIONS
Mild ventriculomegaly is often resolved intrautero. Mild
progressive ventriculomegaly which is associated with other
malformations or positive serologies is predictive of adverse
neonatal outcomes. However, in 98% of the patients, isolated mild
ventriculomegaly does not involve any problems in the neonate or
in his psychomotor development and his subsequent schooling.

In our study, 2% of isolated mild ventriculomegaly were
associated with delayed psychomotor development; however
the literature reports a 7.9% of neurodevelopmental delay (5).
They are associated with other anomalies in 47.5% of cases (6).
More than 25% of mild ventriculomegalies are associated with
partial agenesis of the corpus callosum and 15% are associated
with hypogenesis of the corpus callosum (7). In our study, 45%
of cases had associated anomalies on prenatal ultrasound and
4% were associated with agenesis of the corpus callosum on
postnatal ultrasound. In addition, we had a false negative rate of
2%, which contrasts with the 7.4% reported in the literature (4).
No studies were found to talk about whether children were in
normal schooling or whether they were part of rehabilitation or
early childhood education programs.
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