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This type of ultrasound investigation on thoracic 

area was initially performed only for the cardiac or pe-

ricardial diseases`evaluation. The echocardiography 

in its specific B and M mode, was initially performed for 

the morphologic evaluation of the heart’s three major 

components and the origin of the big vessels, its dyna-

mic and, eventually, the pathologic changing in mor-

phology and function. Until now, in veterinary medi-

cine the thoracic ultrasound examination was consi-

dered less useful (1, 3). This theory was mainly based 

on the low capacity of the ultrasounds to penetrate the 

air filled structures, due to the fact that air has a low 

level of being penetrated by the ultrasound beam (4). 

In addition, the multiple Doppler types of ultrasound 

used allowed enlarging the field of morphologic and 

functional investigations.

The modern theories are sustaining and recom-

mending the ultrasound technique as the fastest and 

non-invasive method for diagnosing the affected 

structures from the thoracic cavity. 

It can be mentioned as a very easy method for 

learning and performing, without any complications 

and does not involve financial efforts. 

With this method we can obtain, in real time, 

diagnosis information for establishing the proper and 

the most efficient therapeutic management in such 

cases.

 The thoracic ultrasound investigation is an impor-

tant method for the pre-diaphragmatic diseases (pul-

monary, pleural or pericardial effusions). The guided 

ultrasound intervention during the thoraco-centhesys 

or the tracheal-stoma seems to be the safest method, 

with minimal complications.

 The thoracic ultrasound investigation is most often 

performed for examining the heart and lungs or iden-

tifying the affected areas of the lung and/or pleura, or 

for a specific disease. 

 This examination can be performed and recom-

mended of first intention for cardiac evaluation, and 

when the facilities are inexistent or improper for non-

cardiac evaluation, prior the pulmonary Rx, CT or MRI.

 The main advantages of this method are the non-

invasive character (can be performed for many times 

during the disease's evolution and for evaluation of the 

treatment efficacy) and the accuracy of the results.
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 Investigaţiile ultrasonografice toracice reprezintă 

o metodă importantă de diagnosticare a afecţiunilor 

prediafragmatice (efuziunile pulmonare, pleurale sau 

pericardice). Intervenţia ultrasonografică ghidată din 

timpul toracocentezei sau traheostomei reprezintă cea 

mai sigură metodă de investigaţie, având complicaţii 

minime.  Investigaţiile ultrasonografice toracice sunt, 

de cele mai multe ori, efectuate prin examinarea cor-

dului şi pulmonilor sau prin identificarea zonelor pul-

monară şi/sau pleurală sau pentru identificarea unei 

afecţiuni specifice. 

 Examinarea se poate realiza şi recomanda ca eva-

luare cardiacă de primă intenţie şi, în cazul în care 

această manoperă nu se poate realiza sau nu este o 

metodă potrivită de evaluare non-cardiacă, se efectu-

ează înaintea examenului radiografic pulmonar, com-

puter tomografului sau examenului RMN.

 Principalele avantaje ale acestei metode sunt ca-

racterul noninvaziv (poate fi efectuată de mai multe 

ori pe timpul evoluţiei bolii şi pentru evaluarea eficaci-

tăţii tratamentului) şi acurateţea rezultatelor. 

 Cuvinte cheie: examinare ultrasonografică

cardiacă, toracică, câine
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This technique of investigation can be recommen-

ded as an additional method of diagnosis, together 

with the thoracic Rx, especially in diseases as pul-

monary atelectasia, pulmonary masses, and densifi-

cations or pleural effusions. The accuracy of the tho-

racic ultrasound diagnosis was enhanced after the 

discovery and implementation of the high frequency 

probes (7.5–12 MHz). For cardiac ultrasound evalua-

tion micro array probes, sectorial or convex can be 

used. The pre-diaphragmatic ultrasound investigation 

can be also performed for pyothorax, pneumonia, ate-

lectasic processes, pleural effusions, diaphragm di-

seases, pulmonary embolism, and interstitial pulmo-

nary, pulmonary masses diagnosis.

An important aspect is revealed by the efficiency 

of the technique in managing and surveillance of the 

therapeutic measures in pneumonia, atelectasia and 

also for the aspirating ultrasound guided puncture (in 

cases of bacteriological negative results), in pleural 

effusions or in biopsy puncture (with thin or thick 

needle) of the tumor masses.   

Principles of thoracic ultrasound investigation

The differences between the ultrasound speed of 

penetrating and the different acoustic impedance of 

the air and tissues are responsible for the ultrasound 

reflection. In addition, the air collections/accumula-

tions have an improper attenuation coefficient. 

This is the main reason of the luck of visualization 

of the lungs, as a parenchymatous organ in case of 

thoracic ultrasonography. 

In pathological conditions, as pulmonary edema, 

the lung appears different in comparison with the 

normal cases. In pulmonary densifications (e.g. pneu-

monia or atelectasya) the lung will appear as a hyper 

echoic structure.

MATERIAL AND METHODS

The thoracic ultrasound examination can be per-

formed using a common 2-D ultrasound device. It can 

be considered that, in spite of the multiple advantages 

of the newest ultrasound machines (for obtaining, 

optimizing image qualities and providing different soft 

for specific applications, e.g. echocardiography), they 

are in general altering the image of the superficial 

structures, recommending for these cases classic ma-

chines. For the thoracic ultrasound examination can be 

recommended of 5 - 7.5 MHz probes, with maximum 

efficacy the micro convex type (because can be fitted 

to the intercostals “acoustic windows”). 

The linear probes can offer proper images of the 

superficial structures, but can be more difficult fitted 

to the intercostals spaces. In addition, these can pro-

vide better images with a superior resolution, regar-

ding the thickness of the pleura, the pleural tumors or 

of the sub pleural pulmonary lesions.  The phase array 

probes have a small contact area but can provide good 

images for the deep structures (e.g. for the atelectasia 

or complex pleural effusions diagnosis).

The steps before the patient examination are si-

milar to those of the abdominal ultrasonography: hair 

cuts, degreasing and applying the coupling gel, 

followed by respecting the waiting time (for proper 

penetrating of the coupling gel into the skin). In rare 

cases it is necessary to sedate the patient. 

The patient examination can be performed in left 

or right lateral recumbence, dorsal recumbence or the 

most often in all legs standing position (because of the 

imminence of respiratory or cardiac syncope in case of 

severe dyspneea caused by thoracic effusions).  

The patient’s position can be adapted in correla-

tion to the clinical status and the ideal “acoustic win-

dow”. In correlation with the elementary physical laws, 

the air filled organs or accumulations can be evaluated 

in the superior areas and the fluids can be seen in the 

ventral part of the body (bottom of the image). 

As additional information, these characteristics 

can be helpful in identifying and evaluating these 

accumulations, correlated with the body position and 

anatomic particularities of the patient during the exa-

mination time.

 
The examination technique

The ultrasound scanning of the thoracic structures 

can be performed by different applying of the probe: 

for the cranial part of the thorax the probe is applied in 

the anterior part of the mediastynum; for the thorax 

the probe is applied into the intercostals spaces: for 

the caudal part of the thorax the proper area of ultra-

sonographic access is considered below the ribs, using 

as an acoustic window the liver imagine (more facile 

for the dog breeds with no large thorax). 

It is recommended to apply the transducer on 

every intercostals space (longitudinal and transversal 

too), starting from the caudal to the cranial part of the 

thorax (2, 7).

For sagittal direction is preferred to orientate the 

transducer's marker cranially, and for the transverse 

plan orientate to the right side of the body.

For obtaining an efficient image must obtain on 

the scanner’s monitor the ribs’ echoes and the inter-



pulmonary sliding can be appreciated in M mode too, 

when it appears as sand to edge of the beach in sea 

waves alternative movement. The pleural line is repre-

sented by a straight line which corresponds to the wall 

of the thorax, under this; the pulmonary parenchyma 

will induce a granular aspect as the sand, being a dy-

namic artifact.

Sonographic aspects 

of the pathological lungs parenchyma

1.) The “A lines”: These are horizontal parallel 

lines, situated at equal distances, close under the 

pleural line. These are reverberation artifacts induced 

by the reflection of the waves, between the thoracic 

wall and pleural surface (6, 9). From this reason, their 

depth is representing a multiplication of the distance 

between skin surface and pleural line. 

Fig. 1. The pleural line and A lines:  

horizontal parallel lines, situated at equal distances, 

near the pleural line (examined in “B mode”)

Fig. 2. The A lines – appears as horizontal parallel 

lines (reverberation artifacts) at equal distances, 

examined in B mode and M mode (bottom of the image)
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costals space in optimum angle and position after 

successive spinning and sliding movements of the 

transducer. The ideal image is obtained with the pre-

sence of those two ribs (appearing as hyperechoic 

areas with shadowing artifacts) on both sides of the 

ultrasound image. In such images, the pleura appear 

as a thin hyperechoic line, close under the ventral side 

of the ribs (3, 9).

RESULTS AND DISCUSSIONS

Aspects of echo-anatomy of the thorax

This cavity in normal cases is comprised from 

heart, lungs, mediastynum, trachea, oesophagus, 

pleura, diaphragm and thoracic wall. The normal lungs 

can not be identified by ultrasound technique. 

The thoracic wall in normal cases consists in many 

echoic areas, represented by muscular layers and 

fascias. For proper images of these hyperechoic areas 

is necessary to put between scanner’s probe and tho-

racic wall, a transonic pad. The recommended probes 

are between 7.5 and 10 MHz. 

With this technique additional details regarding 

the dimension, shape, localization and ultrasonogra-

phic patterns of the thoracic wall's pathological 

attached structures (as osteosarcomas, chondrosar-

comas, fibrosarcomas, abscesses, granulomatous 

structures, haematoma, encapsulated foreign bodies) 

can be obtained.  

Sonographic aspects 

of the normal lungs parenchyma 

On trans-thoracic scanning of the lungs can be re-

gistered next normal aspects:

1.  The “bat sign” – appears when the transducer 

is orientated vertical on the intercostals spaces, re-

gistered on the top of the image, with echoes in the left 

and right sides, slightly curved with acoustic shadows. 

Between these two ribs and close under is the pleural 

line, which joins them. The pleural thin layer is in fact 

the lungs’ surface.

2. “Pulmonary sliding”. The lungs` surface can be 

identified through its movement (back-forward), syn-

chronic with the inhale-exhale movement. In fact, it 

consists in lungs` movement in correlation with the 

thoracic wall (or of those two components of the 

pleura: visceral and parietal one). 

In sonographic image this movement is repre-

sented by many moving dots, starting from the pleural 

line, synchronic with the respiratory movement. Be-

cause this image is not every time very obvious, the 
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The “A lines” can be registered together with pul-

monary sliding, as a result of the normal pulmonary 

oxygenation (absent in different diseases, such as 

pneumothorax). In comparison with the pulmonary 

sliding, which must be evaluated only in close plan of 

the image, the “A lines” or “B lines” must be evaluated 

only in further plan of the sonographic image using “B 

mode” (Fig. 1) or “M mode” (Fig. 2).

2.) The “B lines”. In thoracic ultrasonography 

these appears as vertically continues lines, synchronic 

with the respiratory movement (mobile), originating 

at the pleural interface, ending always in the bottom of 

the image, which are in fact “comet tail” artifacts. To 

the cross intersection with the “A lines” are positioned 

over these, and appears as one or two vertical lines  

(or as groups of vertical lines, known as “pulmonary 

rockets”).

3.) The “pulmonary point”, defines the transition 

line, between the normal and pathologic parenchyma 

(the limit between the normal filled and the collapsed 

parenchyma). For identifying this is necessary expe-

rience in sonography, being considerate as a patho-

gnomonic sign for pneumothorax. 

4.) The “pulmonary pulse” is a sign of the com-

plete atelectasia, when the collapsed lung is moving 

synchronic with the heart beats, being more obvious 

nearly the heart. 

5.) The “condensing syndromes”. In lungs patho-

logy, correlated with the filling of the normal air spaces 

with different masses, fluids or inflammatory cells can 

be observed a hyperechogenicity or more, a denser 

solid mass, with enhanced echogenicity. This process 

is associated with the “pulmonary hepatisation”, when 

the pulmonary parenchyma become well delimitated, 

of triangle shape, and more hypoechoic in comparison 

with the liver and spleen.

The normal sonographic aspect 

of the diaphragm

The diaphragm appears as a well defined hyper-

echoic curved line, which separates the abdominal and 

the thoracic cavities, with two parts: the central one 

(majority from aponevrosis) and the peripheral one 

(muscular).

Sonographic aspects 

of the pathological diaphragm

The pleural effusions or the ascites are the situa-

tions of fine visualization of the diaphragm. The dia-

phragm rupture can be observed with difficulty, appre-

ciated either directly through the disruption of the dia-

phragmatic echoes, or indirectly by observing the ab-

dominal organs into the thoracic cavity (Fig. 3).

Fig. 3. Diaphragm rupture with hemothorax 

(sonographic aspect) 

Discontinuity of the diaphragm is noted, as well as 

the presence of the heart in the vicinity of the liver and 

gallbladder, with severe fluid, and enhanced cellularity 

(8 MHz probe)

The normal sonographic aspect of the pleura

The pleura is constituted from two parts: the vis-

ceral one (which covers the lungs`surface) and the 

parietal one (which covers the interior wall of the tho-

rax, the diaphragm and the mediastinum). 

Fig. 4. Anechoic effusions in pleural and pericardial 

cavities. Post-diaphragmatic the liver image 

with intense congestion (6,5 MHz)

Between these two is delimitated the pleural ca-

vity, which contains a small amount of fluid (0, 1 – 0, 2 

ml/kg b.w. for each part). Examining the pleura can be 

registered the pulmonary sliding, above described and 

because of the different acoustic impedance between 

the pleura and the air from lungs, the ultrasound beam 
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will be totally reflected, and as a result can be ob-

served a hyperechoic mobile tape, synchrony with the 

respiratory movement, overlapped to the visceral 

pleura image. Because of these overlapped of the 

images, the visceral pleura appears thicker than nor-

mal is.  The absence of the pulmonary sliding can be 

observed in different pathologic conditions, such as 

pneumothorax or the different infiltrative tumors at 

this level. An important group of sonographic aspects 

can be registered in pleural effusions (Fig. 4, 5).

Fig. 5. Massive pleural effusion and additional specific 

sonographic artifacts (transudation). Post-diaphragmatic 

effusion without dots into the accumulation (5 MHz)

 
These can be defined as fluid accumulations in the 

pleural cavity and reveals an imbalance between the 

pleural fluid formation and his evacuation. The pleural 

fluid can in general accumulate by different mecha-

nisms: elevations of the hydrostatic pressure in micro-

vascular circulation (e.g. in cardiac arrest), decreasing 

of the oncotic pressure into the microvascular circula-

tion (as a result of the hypoalbuminemia), raising the 

negative pressure into the pleural space (e.g. atelec-

tasia), the separation of the pleural surfaces (respon-

sible of the reduced movement of pleural fluid into the 

cavity, correlated with the decreasing of the pleural 

lymphatic drainage), the micro-vascular hyper per-

meability as a result of the inflammations which faci-

litate the releasing in pleural space of a bigger amount 

of proteins and fluids along the pulmonary paren-

chyma and visceral surface of the pleura (e.g. pleuro-

pneumonia), the diminished lymphatic drainage on 

the pleural surface (e.g. in tumors or fibrosis), move-

ments of the ascitic fluid into the thoracic cavity (dia-

phragm abnormalities) etc. 

The pleural effusions appear as anechoic areas 

between the visceral and parietal pleura sometimes 

can be observed the movement of the affected lung 

into the fluid accumulations, synchronic with the res-

piratory movements. As a general rule, the transu-

dations will generate the aspect of uniform anechoic 

accumulations, without dots in movement or sedimen-

tation, and the exudates are in general an/hypo-

echoic with many dots and fibrin clots in fluid accumu-

lation(8). In case of pyothorax, the sonographic as-

pect is characteristic, and dominated by the snowing 

aspect of the pleural effusion, because of inflammato-

ry cells, fibrin clots and numerous cell detritus (Fig. 6).

In such cases, in general, the symptoms are in 

accordance with the fluid quantity and the etiologic 

factors. According to the etiologic factors and patho-

genic mechanisms, the effusion can be induced by an 

exudation (infectious disease, malignant diseases 

etc.) or transudation (cardiac failure, cirrhosis, etc.).

The laboratory diagnosis can confirm the origin 

and the type of the pleural effusion, by examining the 

fluid (the ratio between the pleural fluid and serum 

proteins, or the ratio between the pleural fluid and se-

rum LDH). The differential diagnosis in case of pleural 

effusion must be done for the pericardial effusions and 

ascites, considering the specific aspects and localiza-

tion, and in many cases can be recommended as an 

additional examination the Rx diagnosis (5).

Fig. 6. Pyothorax. Fluid accumulation, with lots of 

corpuscular elements (exudates) and clots (“snowing 

aspect”) in pleural cavity (5 MHz)

The ultrasound evaluation of the heart has 

become the most important diagnostic technique for 

the diagnosis heart diseases. 

The complex interaction between high-frequency 

sound waves and the heart body structures alows the 

depiction of cardiac morphology, in addition to infor-
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mation regarding the movement of myocardium and 

valves and blood flow within the heart (Doppler color). 

The classical B-mode (2D) ecochardiography 

(two-dimensional) involves using a sector-shaped 

beam of ultrasound waves, which is reflected by the 

interfaces of cardiac tissue to provide a cross-sectional 

image, useful to identify the cardiac morphology, nor-

mal chambers dimensions, hypertrophie or dilation of 

the components, and its movements (Fig. 7, 8, 9).

Fig. 7. B mode ultrasound – dilatative cardiomyopathy 

Cardiac walls hypo kinesis, enlargement of the tele systolic 

and tele diastolic volume of the left ventricle and 

right atrium – complications of cardiac remodeling 

in subaortic stenosis 

Fig. 8. B mode ultrasound – severe cardiac dilatation 

Enlargement of left ventricle and left atrium – minimization 

of the contractile surface and interventricular septum

The M-mode ecochardiography uses a single 

beam of ultrasound, but the resulting echoes are dis-

played as distance-time chart, the resolution is supe-

rior to 2 D-mode, and the frame is updated thousands 

of time per second rather than tens or hundreds times 

per second obtained in classic ultrasonography.

Fig. 9. B mode ultrasound – flattening of the 

interventricular septum, right ventricle hypertrophic 

(right parasternal window, section in the short axis 

of the heart at papillary muscles level)

The Doppler echocardiography uses the classic 

Doppler principle (the frequency of a reflected sound 

wave depends on the direction and velocity of the re-

flector and the transmitted frequency (9). In this 

frame, the spectral Doppler (the velocity of blood 

flow can be estimated in the selected region of interest  

and the colour Doppler (where the blood flow is co-

ded in different colours according to the direction of 

flow - in red (toward the transducer) or blue (away 

from the transducer), images superimposed on the 

classic image of the 2D-mode (Fig. 10, 11, 12). 

Fig. 10. Doppler ultrasound – regurgitating flux at the 

mitral valve (left parasternal window, apex section of the 

four chamber heart). Eccentric hypertrophic of the right 

ventricle, enlargement of left atrium.   
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Fig. 11. Doppler ultrasound – severe regurgitating flux 

at the mitral valve level (right parasternal window, section 

on the long axis of the four chambered heart)

Fig. 12. Doppler ultrasound – eccentric regurgitating flux 

at the mitral valve level (left parasternal window, apex 

section of the four chambered heart)

Fig. 13. Pulsatile Doppler ultrasound – tricuspid valve 

level: negative retrograde flux with a systolic speed 

of 3,45 m/s and a pressure gradient of 47,52 mmHg – 

which corresponds with a medium tricuspid regurgitation: 

between 3-5 mmHg (left apex parasternal window)

Fig. 14.  Color Doppler ultrasound: tricuspid valve reflux 

(tricuspid deficiency). The dilated cardiomyopathy can be 

observed (right parasternal window, section on the long 

axis of the heart, four chamber image)

Fig. 15. Spectral Doppler ultrasound – maximum systolic 

speed of the negative anterograde pulmonary flux 

is 5,06 m/s, translated through a pressure gradient of 

102,58 mmHg (>100 mmHg) – sign of 

severe pulmonary stenosis.

In first case the spectral Doppler can recognize 

two different way of using the wave, in pulsed wave 

Doppler, where the  ultrasound waves are transmitted 

as pulses of waves, with the transducer acting at diffe-

rent times as a receiver/transmitter of waves, allowing 

the interrogation of blood flow velocities in the interes-

ted region (Fig. 13, 14, 15), continuous wave Doppler 

- allows much higher velocities to be displayed, and 

high-pulse repetition frequency (a number of sample 

volumes will be superimposed on the classic B-mode 

image). The specific measurements in echocardiogra-

phy are proper suited to identify the chamber dimen-

sions, the structural lesions, systolic and diastolic per-

formance, valve function in addition to and hemody-

namic and specific disturbances (Fig. 16, 17, 18). 
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Fig. 16. Doppler ultrasound – positive retrograde flux at 

the pulmonary valve level – with pulmonary hypertension 

(right parasternal window, section on the short axis at the 

base of the heart and pulmonary artery)

Fig. 17. Doppler ultrasound – severe regurgitation flux 

at the mitral valve level (right parasternal window, 

section on the long axis of the four chambered heart)

Fig. 18. Doppler ultrasound – eccentric regurgitating flux 

at the mitral valve level (left parasternal window, 

apex section of the four chambered heart)
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