CHAPTER TWO

The Thorax

patients with known or suspected thoracic disease. These images can con-

firm or refute a diagnosis that is suspected on the basis of the history or
physical examination. Astute interpretation of diagnostic images also can yield
information not otherwise detectable, suggest a diagnosis not previously consid-
ered, and provide baseline information on the patient s condition for evaluation of
disease progression or regression. The image interpretation also can provide spe-
cific information about a previously formulated tentative clinical diagnosis or list
of differential diagnoses. However, evaluating the images to consider only the clin-
ical differential diagnoses is a serious error. The appropriate choice of imaging
modality, such as radiography, ultrasonography, or computed tomography, will
vary with the disease process that is most likely. In many cases, the use of more
than one modality will be indicated and frequently will be necessary. The entire
imaging study should be evaluated systematically without consideration of the ten-
tative diagnoses so that unsuspected conditions are not overlooked. The images
should then be reexamined after evaluating the clinical findings of the patient, pay-
ing special attention to those areas in which, because of the patients history or
physical examination, abnormalities would be expected.

D iagnostic images of the thorax are very important when evaluating

TECHNICAL QUALITY: RADIOGRAPHIC

The technical quality of a thoracic radiograph is extremely important, because radiographic
changes of disease can be masked or mimicked by inappropriate radiographic technique. The
patients position and respiratory phase, as well as exposure factors, beam-restricting devices,
darkroom procedures, and viewing conditions are all important aspects of the thoracic radi-
ographic evaluation. All of these factors alter the radiograph s technical quality, and their effects
must be recognized so that technical errors neither obscure nor are mistaken for disease.

PATIENT s PoOSITION

A minimum of a lateral recumbent radiograph, either right or left lateral, and either a
dorsoventral (sternal recumbent) or ventrodorsal (dorsal recumbent) radiograph should
be obtained. In certain situations, especially when evaluating for the presence of metasta-
tic tumors of the lungs, the use of both lateral views and either a dorsoventral or ven-
trodorsal view has been recommended.1* It appears that the use of two views is statistically
adequate in most situations.> However, it may be prudent to recommend taking the oppo-
site lateral view when evaluating a patient for pulmonary metastasis, due to the devastat-
ing effect on the prognosis of the patient with the finding of metastatic disease.

The appearance of the thorax varies depending on the position of the patient when
radiographed, because the dependent lung lobes partially collapse, even in an unanes-
thetized animal.5-° Consistent positioning with each radiograph is more important than
the position in which the patient is placed. Comparison with previous radiographs and
recognition of radiographic abnormalities will be facilitated if the same position is used
each time that the animal is examined.

In lateral recumbency, the dependent diaphragmatic crus is usually cranial to the oppo-
site crus, and the cranial lung lobe bronchus on the dependent side is usually dorsal to the
opposite cranial lobe bronchus.1% The cardiac silhouette appears longer from apex to base
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Fig. 2-1 A 12-year-old male Labrador Retriever was brought in for evaluation of a large mass in the cau-
dal abdomen. The cardiac silhouette appears shorter and more round when the dorsoventral radiograph
(A) is compared with the ventrodorsal radiograph (B). Diagnosis: Normal thorax.

in the right lateral recumbent than in the left lateral recumbent radiograph.11112 |n left lat-
eral recumbency, the cardiac silhouette may fall away from the sternum as the right middle
lung lobe inflates. This produces a radiolucency that separates the heart from the sternum.
In right lateral recumbency, contact between the heart and sternum usually is maintained.
In the ventrodorsal radiograph, the cardiac silhouette appears longer and narrower, the
accessory lung lobe appears larger, and the caudal vena cava appears longer than in the
dorsoventral radiograph (Fig. 2-1).13.14

The x-ray beam should be centered over the thorax, because geometric distortion of the
thoracic structures will occur, especially when larger films are used (Fig. 2-2). The x-ray beam
should be centered just behind and between the caudal scapular borders in the dorsoventral
or ventrodorsal radiograph and at the fourth to fifth intercostal space in the lateral radi-
ograph. The forelimbs should be pulled cranially and fully extended on both views.

In order to obtain a properly positioned lateral thoracic radiograph, especially in dogs
with narrow and deep thoracic conformation, the sternum must be elevated slightly from
the x-ray table by a foam sponge or other radiolucent device. Proper lateral positioning can
be recognized on a radiograph when the dorsal rib arches are superimposed and the cos-
tochondral junctions are at the same horizontal level (Fig. 2-3). In a ventrodorsal or
dorsoventral thoracic radiograph, the sternum and vertebral column should be superim-
posed and the distance from the center of the vertebral bodies to the lateral thoracic wall
should be equal on both the right and left sides (Fig. 2-4).

In the lateral radiograph, malpositioning may produce artifactual tracheal elevation
and splitting of the main stem bronchi (see Fig. 2-3). Malpositioning also alters the shape
of the cardiac silhouette and can create or obscure the impression of cardiomegaly or car-
diac chamber enlargement. The cardiac apex always shifts in the same direction as the ster-
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A B

Fig. 2-2 A 5-year-old spayed German Shepherd dog was presented for evaluation of the thorax prior
to treatment for heartworm disease. A, In the initial ventrodorsal thoracic radiograph the cardiac sil-
houette appears short. There is a prominent pulmonary knob. B, The thoracic radiograph was repeated.
The prominent pulmonary knob is again seen. The cardiac silhouette appears longer. The difference in
cardiac silhouette length is due to geometric distortion resulting from malpositioning of the dog rela-
tive to the x-ray beam. In A the x-ray beam is incorrectly centered over the diaphragm, while in B the
x-ray beam is centered behind the scapulae. There are incidental findings of old fractured ribs on both
the right and left sides. Diagnosis: Enlarged pulmonary artery segment due to heartworm disease.

A B

Fig. 2-3 A 2-year-old female Persian cat with anterior uveitis. Thoracic radiographs were obtained to
evaluate the cat for systemic involvement. A, In the initial lateral thoracic radiograph the thorax is
rotated markedly. The dorsal arches of the ribs are separated (closed arrows). The costochondral junc-
tions are at widely different levels (open arrows). B, An additional lateral thoracic radiograph was
obtained. The ribs are superimposed, and the costochondral junctions are at the same level. The tho-
racic rotation moves the trachea closer to the thoracic spine and creates an apparent cardiomegaly.
Diagnosis: Normal thorax.
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Fig.2-4 A2-year-old female Persian
cat with anterior uveitis. A, In the ini-
tial ventrodorsal thoracic radiograph
the cardiac silhouette is shifted into
the left hemithorax. This is due to
malpositioning with rotation of the
sternum to the left. Note that the dor-
sal spinous processes are angled to
the right (arrows). B, The ventrodor-
sal thoracic radiograph was repeated.
The cardiac silhouette is in its normal
position. The dorsal spinous
processes are centered on the tho-
racic vertebrae (arrows). Diagnosis:
Normal thorax.

num. An apex shift to the right will accentuate or mimic an apparent right heart enlarge-
ment; a shift to the left will minimize the apparent size of the right ventricle.1®

The forelimbs should be pulled cranially to avoid superimposition of their density over
the cranial lung lobes, which will increase cranial lung lobe and mediastinal densities. This
can create or obscure pulmonary or mediastinal lesions (Fig. 2-5).

The best radiographs for thoracic evaluation are those in which the animal is most
comfortable and therefore can be positioned symmetrically. Once right or left lateral, ven-
trodorsal, or dorsoventral radiographs are obtained, those positions should be repeated on
all subsequent examinations.

RESPIRATORY PHASE

Obtaining a radiograph at peak inspiration provides optimal contrast, detail, and visibility
of thoracic structures. Although many animals spontaneously will inspire maximally, some
will not. It may be necessary to interfere with respiration momentarily by obstructing the
animal s nares and closing its mouth. This stimulates a deep inspiration when the obstruc-
tion is removed.

The increased pulmonary density seen at expiration can mimic the appearance of pul-
monary disease. The pulmonary vessels are shorter, wider, and less sharply defined at expi-
ration than at inspiration. The cardiac silhouette appears relatively larger at expiration
because it is surrounded by less aerated lung. The caudal vena cava may appear wider and
may be defined less clearly at expiration (Fig. 2-6).

The difference between inspiration and expiration must be recognized due to the arti-
facts created by an expiratory radiograph.16 Compared with the lateral radiograph exposed
at full expiration, the lateral radiograph exposed at full inspiration has:

1. Increased size of the lung lobes cranial to the cardiac silhouette
. Slight elevation of the cardiac silhouette from the sternum
. Extension of the pulmonary cupula cranial to the first rib
. Increased ventral angulation of the trachea
. A flatter diaphragm
. Greater separation of the diaphragm from the caudal cardiac margin
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Fig. 2-5 A 5-year-old male mixed breed dog with a 5-month history of cervical pain. Thoracic radi-
ographs were obtained prior to anesthesia. The density of the cranial mediastinum appears to be
increased in the initial lateral radiograph (A). This is due to positioning of the right forelimb over the
cranial thorax. The cranial thorax is normal in density in a repeat lateral thoracic radiograph (B). The
forelimb has been extended. Diagnosis: Normal thorax.

7. A more ventral position of the point at which the diaphragm contacts the cardiac
silhouette
8. A lumbodiaphragmatic angle caudal to T12 (compared with T11 at expiration)
9. A wider lumbodiaphragmatic angle
10. Increased size and lucency of the accessory lung lobe
11. A caudal vena cava that is more parallel to the vertebral column and appears more
elongated, distinct, and thinner.

When compared with the ventrodorsal expiratory radiograph, the inspiratory radiograph has:

1. Asmaller cardiac silhouette (this is more apparent than real due to a decreased car-

diothoracic ratio)
. An increased thoracic width (most obvious caudal to the sixth rib)
. An increased thoracic cavity length
. The diaphragmatic dome positioned caudal to mid-T8
. A wider cardiodiaphragmatic angle
. Decreased cardiodiaphragmatic contact
. A more distinct, less blunted cardiac apex
. A costodiaphragmatic angle caudal to T10.

Most radlographs are exposed between full expiration and full inspiration; therefore it is
unlikely that all of these changes will be seen in any one radiograph. The changes should
be used as guides for recognizing the expiratory radiograph and are most obvious when
inspiratory and expiratory radiographs are placed side by side.
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EXPOSURE FACTORS

A properly exposed radiograph is essential for evaluating pulmonary disease correctly. For
this reason, a technique chart based upon the patients greatest thoracic dimension (usu-
ally measured at the level of the xiphoid cartilage for the ventrodorsal view and at the

spring of the ribs for the lateral view), along with measuring all patients at the same
anatomical site, ensures the reproducible radiographic exposure of different patients or of
the same individual on repeated examination. Exposure factors used should be recorded so
that follow-up examinations may be made using the identical technique. Unfortunately,
technique charts are designed for the average individual, and the patients physical status
and conformation must be considered when selecting a technique. An emaciated Afghan
Hound will require less exposure than an average conditioned German Shepherd or an
obese Cocker Spaniel, even though their lateral thoracic measurements may be identical. A
radiographic technique that is ideal for the German Shepherd will overexpose the Afghan
Hound and underexpose the Cocker Spaniel. This occurs because the Afghan Hound s
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Fig. 2-6 A 12-year-old male
Pekingese with a single acute episode
of collapse. A, In the initial lateral
thoracic radiograph there is an
apparent increase in pulmonary
density. The right diaphragmatic
crus overlaps the cardiac silhouette.
The diaphragm is located at the level
of T11. These findings indicate that
this radiograph was obtained at
expiration. B, A second lateral tho-
racic radiograph was obtained. The
right diaphragmatic crus is posi-
tioned more caudally. The size of the
right cranial lung lobe is increased.
The diaphragm is positioned cau-
dally to the level of T13. The overall
pulmonary density appears normal.
The pulmonary vascular structures
are more clearly defined. Diagnosis:
Normal thorax. The apparent
increase in pulmonary density on A
was due to expiration. This can
mimic pulmonary disease and
obscure pulmonary vascular struc-
tures and can create the appearance
of mild cardiomegaly.
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thorax is mostly air-dense lung, whereas the Cocker Spaniel s thorax is mostly fat and tis-
sue density. Overexposure of the radiograph may hide intrapulmonary disease, while
underexposure may mimic the appearance of a pulmonary infiltrate (Fig. 2-7).

Selection of specific kilovolt (peak) (kVp) and milliampere-second (mAs) settings is a
matter of personal preference within the requirements dictated to achieve a diagnostic
radiograph. As a general rule, the highest mA setting, shortest exposure time, and a high
kVp setting are preferred for thoracic radiography. The technique selected depends on
machine capability and the x-ray film and screens used. Exposure time is extremely
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important, because exposures of 1/30 second or less are essential in order to minimize res-
piratory motion. Longer exposure times may result in apparent motion, causing blurring
of pulmonary vessels, bronchi, interstitial structures, and overlying bony structures. This
can create the appearance of a pulmonary infiltrate or obscure pulmonary lesions. If
motion is suspected, the bony structures should be evaluated closely, because loss of defi-
nition of ribs or bony structures is readily detectable.

Fig. 2-7 A 2-year-old male Labrador
Retriever with an acute onset of
vomiting, nystagmus, and ataxia. A,
In the initial lateral thoracic radi-
ograph the increased density of the
thorax is the result of underexposure.
B, A second lateral thoracic radi-
ograph was obtained using the proper
radiographic technique. The pul-
monary structures and airways are
defined much more clearly in the sec-
ond radiograph. Underexposure of
the radiograph can mimic a pul-
monary infiltrate. Diagnosis: Normal
thorax.
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GRIDS

A fixed or moveable grid should be used for thoracic radiographs of those patients whose
thoracic dimension exceeds 10 cm. A fine-line grid is best. The machine s capability must
be considered when selecting a grid. Scatter radiation will cause film fog, which produces
a resultant overall increase in pulmonary density and loss of structural detail. In general, a
grid is recommended for patients whose chest measurement is greater than 10 cm; how-
ever, the patient s conformation must be considered when grids are employed. Because less
scatter radiation occurs in a 10-cm wide, thin dog than in a 10-cm wide, obese dog, a grid
is recommended in obese dogs that are 8 cm or wider.

BEAM-RESTRICTING DEVICES

Beam-restricting devices, or collimators, are designed to limit precisely the x-ray exposure
to the area being radiographed. This reduces patient and technologist exposure and
improves the quality of the radiographic image by reducing the amount of scatter radia-
tion. Close collimation with beam restriction to the thoracic area is ideal.

DARKROOM PROCEDURES

Many excellent radiographs are ruined in the darkroom during processing. Careful han-
dling of the x-ray film before, during, and after processing is essential. A standard time and
temperature film-developing protocol is extremely important, because thoracic radi-
ographic density always is compared with a mental standard established from previous
cases and radiographs of the same patient at an earlier date. Underdeveloping will increase
and overdeveloping will decrease the apparent thoracic density. Altering the processing
time will not rescue an improperly exposed radiograph. Automatic processing capabilities
will enhance the uniformity and predictability of darkroom procedures and results.

VIEWING CONDITIONS

The conditions in which the final product is evaluated are important. The radiograph
should be fixed completely, washed, and dried before viewing. Because there is a natural
impatience to determine the cause of a disease as soon as possible, many radiographs are
examined while still wet, especially when manual processing techniques are used. Some
abnormalities will be a great deal more apparent after a film is dry. Therefore it is impera-
tive that the radiograph be reexamined after it is dry.

A quiet, darkened area with illumination provided by a light source designed for radi-
ographic viewing is best. A high-intensity beam or hot light should be available and used
to examine overexposed areas on the radiograph. Masks that block out the light from the
unexposed edges of the radiograph are helpful.

Positioning the radiograph on the view box in a consistent manner will facilitate radi-
ographic interpretation. By convention, lateral radiographs are placed with the animals
head to the viewer s left and its spine toward the top, and ventrodorsal or dorsoventral radi-
ographs are placed with the animal s head up and its right side on the viewer s left. When
this is done consistently, anatomical structures are seen at specific places on the radiograph,
and both normal and abnormal densities and shapes may be recognized quickly.

Proper thoracic radiographic interpretation results from the production of excellent,
not merely acceptable, thoracic radiographs, from experience gained by careful systematic
interpretation, and from the knowledge of various artifacts, normal anatomical variations,
and thoracic diseases and how they affect the appearance of a radiograph.1”:18 In addition,
the survey radiographic findings may lead to other radiographic or radiographically
assisted procedures.

TECHNICAL QUALITY: SONOGRAPHIC

TECHNICAL PERSPECTIVE

Ultrasonography, when used in the common pulse-echo mode, is an imaging procedure
designed specifically for use in soft tissues. Both air and bone block penetration of the
sound beam to the depth of interest. Therefore ultrasonographic techniques are of little
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value for lung assessment unless the lung lesion is immediately adjacent to the chest wall.
Air in the lung will block sonographic interrogation of the heart unless penetration to the
heart is achieved via the cardiac notch in the lungs, or if the lungs are displaced or collapsed
by fluid or a mass. Similarly, mediastinal ultrasonography depends upon patient confor-
mation. In thin, lanky patients, sonographic access to the mediastinum often is blocked by
the lungs at both the thoracic inlet and parasternal windows. However, as mediastinal, par-
ticularly cranial mediastinal, masses enlarge or as mediastinal and pleural fluid accumu-
lates, sonographic access to mediastinal structures is enhanced.

PATIENT PREPARATION

Proper patient preparation for sonography requires only a few steps. First, the site to be
examined must be prepared so that good contact can be made between the transducer and
the patient. Air cannot be tolerated at the transducer-skin interface because it blocks the
transmission of the sound waves. The best way to prepare the site is to clip all hair from the
area of interest. Then, liberally apply ultrasonographic contact gel to establish good surface
contact between the probe and the patient. In dogs or cats with short or thin hair coats or
if hair clipping cannot be done, a thorough soaking of the patients hair to remove all air
from between the shafts of the hair may be adequate. Isopropyl alcohol works well for this
purpose. Then ultrasonographic gel should be applied liberally.

The proper patient positioning and probe orientation depend upon which anatomical
structure is being imaged. Examination of the heart and mediastinum is facilitated by
restraining the patient in lateral recumbency on a table or support constructed in such a
manner that the probe can be applied to the area of interest from the dependent side (i.e.,
from beneath the patient). This is best accomplished with a table that has a cutout in its
surface so that the probe is readily moveable underneath the patient. This serves to maxi-
mize the size of the ultrasonographic window (cardiac notch), because the dependent lung
will collapse and the heart will move toward the dependent thoracic wall.

Manual restraint is adequate for most patients. Light sedation can be used if needed.
Ketamine hydrochloride has been shown to have minimal effects on the feline heart.1® On
the other hand, medetomidine and xylazine have been shown to alter significantly echocar-
diographic values in the dog.20

Sonography is best performed in a quiet room with subdued lighting. Excess ambient
light will reflect from the screen and make image evaluation more difficult.

ULTRASONOGRAPHIC EQUIPMENT

Evaluation of thoracic anatomy is facilitated by using the highest frequency transducer that
will penetrate the structure adequately.2:22 Blood flows are best evaluated by Doppler
studies using lower frequencies. Equipment used for echocardiography should minimally
be able to produce both M-mode and B-mode studies, simultaneously record an electro-
cardiogram (ECG), and should be able to measure and record the actual size of imaged
structures in both modes. Preferred equipment should perform the minimums described
above as well as produce Doppler studies, using pulsed wave, continuous wave, and color-
flow techniques, and be able to measure and record the images and data. Ideally, the trans-
ducer head should be small enough to allow for positioning between ribs. For cardiac
examinations, a high frame rate is preferable to capture the instantaneous image of the
moving structures. Electronic sector scanners (e.g., curved linear and radial array or phase
array) have an advantage over mechanical sector scanners in this regard. They also display
simultaneous real-time two-dimensional images, whereas mechanical sector scanners can
display only one or the other in real time. Evaluations of other thoracic structures (e.g.,
mediastinal masses) may be performed better using a low frame rate. Various combinations
of contrast and postprocessing functions are determined by the individual sonographer s
preference.

ECHOCARDIOGRAPHIC TECHNIQUE

A complete echocardiogram requires the use of B- and M-mode imaging as well as Doppler
studies. B-mode (real-time, two-dimensional mode) reveals an image of cardiac anatomy
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in a manner that is clearly representative of the actual anatomy. The size, location,
echogenicity, and motion of various structures can be evaluated. M-mode, also known as
TM-mode, time-motion mode, or motion mode, reveals a graphic representation of an iso-
lated portion of the cardiac anatomy. This is the so-called ice-pick view. This graphic rep-
resentation continuously displays an isolated narrow line of structures over time, so that
the motion of the structures within the beam is seen clearly and recorded. M-mode is used
for measuring cardiac chamber diameters and wall thickness as well as for observing the
motion and physical relationships of structures to each other, such as the motion of the
septal leaflet of the mitral valve in diastole and systole as well as the relationship of its tip
to the interventricular septum.

Ideally, echocardiograms should be performed with a simultaneous recording of the
ECG so that the mechanical and electrical activity of the heart can be correlated.
Measurements of wall thicknesses and chamber diameters are made at either end systole or
end diastole, as determined by electrical activity landmarks (e.g., end diastole at the onset
of the QRS complex). Simultaneous ECG also is used to ensure that the specific image cho-
sen for measurement represents a part of a normally conducted cardiac cycle.

The methods of obtaining proper cardiac images have been well described.18:2324 The
transducer location for the right parasternal views is between the right third and sixth
intercostal spaces between the sternum and costochondral junctions (Fig. 2-8). From this
location, the long-axis four-chamber view and the long-axis left ventricular outflow view
are obtained. Also obtained from this location are the short-axis views. Other images that
can provide useful information include the left caudal parasternal long-axis two-chamber
view, the long-axis left ventricular outflow view, the four-chamber view, and the five-
chamber view. The transducer location for the left caudal parasternal views is between the
fifth and seventh intercostal spaces, as close to the sternum as possible. Left cranial
parasternal views (both long-axis and short-axis views) also may be helpful on occasion.
The transducer location for these views is the left third and fourth intercostal spaces
between the sternum and the costochondral junctions.?*

Fig. 2-8 Diagrams of the thorax showing the proper transducer Right Parasternal Window

locations for the right and left parasternal echocardiographic views.
(From Thomas WP, Gaber CE, Jacobs GJ, et al: Recommendation for
standards in transthoracic two-dimensional echocardiography in the
dog and cat. J Vet Intern Med 1993; 7:248.)
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Specific positioning and images should be used for Doppler studies.?> The proper posi-
tioning aligns the ultrasound beam as parallel as possible to the direction of blood flow.
This will minimize artifacts and optimize the Doppler signal.

THORACIC SONOGRAPHY TECHNIQUE

Thoracic structures other than the heart also may be studied. The use of a stand-off pad or
fluid offset probe may be helpful in evaluating superficial structures that may be obscured
by near-field artifact. The intercostal soft tissues may be visualized directly, and the subcu-
taneous fat and underlying muscles may be delineated clearly. The normal parietal pleura
is thin and is not identified as a separate structure. Sonography may be a useful tool for
evaluation of pleural disease, particularly if hydrothorax is present.?8-32 The cranial medi-
astinum may be studied also.2” This may be attempted by using the heart as an acoustic
window. However, the normal left and right cranial lung lobes usually prevent visualization
of normal mediastinal structures using this approach. If hydrothorax or a very large mass
is present, the cranial mediastinum may be scanned from other portals, such as the thoracic
inlet or directly over the mass. In normal studies, no structures will be identified clearly,
because the lungs will envelop the mediastinal structures almost completely. If pleural fluid
is present, various normal cranial mediastinal structures may be identified.

CERVICAL SONOGRAPHY TECHNIQUE

Multiple structures in the cervical soft tissues have been examined sonographically.
Descriptions of the larynx, thyroid glands, parathyroid glands, and vagosympathetic trunk
have been published.33-39 Structures usually are imaged in multiple planes.

SYSTEMATIC IMAGE INTERPRETATION

Evaluation of the radiograph's technical quality is the first phase of radiographic interpreta-
tion. Although an imperfectly exposed and positioned radiograph may have to be examined
because of the patients clinical status, the effect of these factors on the radiograph must be
considered during radiographic evaluation. Any observed lesion that could be caused by
poor technique must be evaluated critically. A systematic approach to interpretation will
decrease the likelihood of overlooking an abnormality. The particular system used is less
important than is its consistent application every time a radiograph is examined.
One system that may be used is the following:

1. Examine the soft-tissue structures outside the thorax, including the cervical soft
tissues, soft tissues of the forelimbs, and that portion of the abdomen shown on the
radiograph.

2. Examine the bony structures, including the vertebral column, ribs, sternebrae, and
long bones.

3. Examine the diaphragm, including both crura and the cupula (dome).

4. Examine the pleural space (i.e., the potential space between the lungs and the tho-
racic wall and between the separate lung lobes).

5. Examine the mediastinum and all its reflections (i.e., cranially and ventrally
between the right cranial and left cranial lung lobes, caudally between the accessory
and left caudal lung lobe, and ventrally around the cardiac silhouette and
diaphragm).

6. Examine the trachea and trace it to and beyond the bifurcation and as far down
each of the bronchi as possible.

7. Examine the esophagus or the area through which it normally passes.

8. Examine the cardiac silhouette, evaluating its size, shape, and position, especially
relative to the animal s thoracic conformation.

9. Examine the aorta, tracing it as far caudally as possible.

10. Examine the caudal vena cava from heart to diaphragm.

11. Examine the lung. Look at its overall density, as well as the size, shape, and pattern
of pulmonary arteries, veins, and bronchial and interstitial structures.

12. Go back and reexamine anything that appeared abnormal on the first examination
and interpret that abnormality in light of any other abnormality noted.
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13. Combine all radiographic abnormalities into a list of possible diagnoses in order of

probability or, when possible, make a specific diagnosis.

14. Reevaluate the abnormalities noted in light of the clinical, historical, or physical

findings, and determine a radiographic diagnosis.
Evaluation of the sonogram should begin with an assessment of technical factors. Depth
gain (time-gain compensation), frequency, focal zone, and overall power should be appro-
priate for the structures being examined. Alignment to a structure and symmetry of the
cardiac chambers are critical in many cases.

The echocardiogram should follow a set course of study. First perform the right
parasternal long-axis ventricular outflow study, followed by the right parasternal long-
axis four-chamber view, and then the right parasternal short-axis views. Doppler stud-
ies (color-flow or spectral or both) should be made across each valve. The combination of
B-mode, M-mode, and Doppler studies constitutes a routine, thorough examination. The
majority of the wall thickness and chamber diameter measurements should be made in
the M-mode. Measurements may be made in the B-mode study if correlated with the
ECG. Left-sided views should be used if clinically indicated. Doppler studies should like-
wise follow a set protocol, including velocity measurements across each valve, preferably
pulsed wave across the mitral and tricuspid valves and continuous wave across the pul-
monic and aortic valves, and color-flow evaluation across each valve and in the ventricu-
lar outflow tracts.

NORMAL RADIOGRAPHIC AND SONOGRAPHIC ANATOMY

SOFT TISSUES

The soft tissues surrounding the thorax should be evaluated. Fascial planes should be
outlined by fat; soft tissues should have a uniform homogenous density. The position of
the forelimbs should be noted, because their superimposition over the cranial thorax
adds to that regions density. Skin folds are created when patients are positioned for tho-
racic radiography and these can be identified as tissue-dense lines that have a distinct,
dense margin. These lines usually can be traced beyond the thoracic margins (Fig. 2-9).
The nipples and other cutaneous structures may be superimposed on the lung and
mimic intrapulmonary nodules. In certain situations, if needed, the nipples may be
coated with barium to identify them positively. However, in most cases, examining the
patient and confirming the location of the nipples is enough. Pleural masses may extend
into the external soft tissues. Therefore intercostal swellings should be evaluated criti-
cally. The hepatic and gastric shadows should be examined, noting their position, size,
shape, and density. If hepatic or gastric abnormalities are observed or suspected, an
abdominal radiograph should be obtained.

The soft tissues surrounding the thorax do not have specific sonographic characteris-
tics they appear as any other soft tissue. The muscles are heteroechoic, and the fat tissue
between fascia as well as the fibrous connective tissues are hyperechoic. The soft tissues of
the thorax are not evaluated routinely by sonography.

BONY STRUCTURES

The vertebral column, ribs, sternebrae, and bones of the proximal forelimb usually are
included on a thoracic radiograph. An exposure that is correct for thoracic viscera usually
underexposes these bony structures. Positioning for thoracic radiographs is not ideal for
evaluation of the regional bony structures; however, the vertebral column, ribs, sternebrae,
scapulae, and long bones still should be examined. Another radiograph, properly exposed
for evaluation of bony structures, must be obtained if abnormalities are suspected on the
survey radiograph.

The vertebral column should have a smooth, continuous contour. Disc spaces should
be uniform, and rib articulations and joint spaces should be symmetric. An apparent
decrease in bone density will be observed along the ventral aspect of the vertebral bodies
when there is superimposition of the lung. The pattern within the lung may create the
appearance of irregular vertebral body density; careful examination will identify the pat-
tern as pulmonary in origin.
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Fig. 2-9 Ventrodorsal radiograph of a 6-year-old male Irish Setter
brought in for evaluation of seizures. The thorax is normal. There is
askin fold superimposed on the left side of the thorax (arrows). Note
the sharply defined margin of this skin fold. The skin fold can be
traced beyond the margins of the thoracic cavity. Diagnosis; Normal
thorax.

On the lateral radiograph, each pair of ribs should be superimposed where they artic-
ulate with the vertebrae. Additionally, the costochondral junctions should appear at the
same level. Because of the curvature and density of the ribs, abnormalities may be subtle.
Tracing the ribs from right to left across the thorax on the ventrodorsal view facilitates
lesion detection. The rib density should be uniform and a faint cortical shadow should be
visible. A rib head, neck, and tubercle can be identified proximally, although the size and
shape of these structures are variable. The costochondral junctions are widened slightly,
and the costal cartilages may calcify in a solid, irregular, granular, or stippled pattern.
Calcification may begin before 1 year of age, usually increases with age, and may appear
irregular or even expansile. Malalignment or breaks in the costal cartilages are common
and, although these may represent fractures, are usually normal aging changes and are
without clinical significance.

In addition to the ribs and costal cartilages, the rib spacing should be evaluated and
should show uniformity from side to side. Uneven spacing suggests uneven inflation of the
lung and may reflect soft-tissue, rib, pleural, pulmonary, or diaphragmatic pathology.

The ribs of certain breeds, such as the Dachshund and Basset Hound, first curve out-
ward then inward at or near the costochondral junction. This is followed by an outward
then inward curve to their sternal attachment. In the ventrodorsal radiograph of these
dogs, the thoracic wall conformation produces an extra density over the lung that should
not be mistaken for pleural or pulmonary disease (Fig. 2-10).
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Fig. 2-10 A and B, An 11-year-old male Basset Hound with multiple
cutaneous mast cell tumors. The thorax was evaluated for intratho-
racic metastases. The thorax is normal. The cardiac silhouette size and
shape are normal for a dog of wide thoracic conformation. Note the
soft-tissue density that overlies the right and left sides of the lateral
thoracic margin (arrows). This density is created by the configuration
of the thoracic wall and does not represent pleural disease. The metal-
lic density in the right cranial thorax represents a vascular clip, which
was present in the soft tissues dorsal to the thoracic vertebral bodies.
Diagnosis: Normal thorax.
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The sternebrae and their intersternebral cartilages should be evaluated. The amount of
mineralization of the chondral and intersternebral cartilages usually increases with age and
is greater in larger dogs. Malalignment of sternebrae is observed frequently and is insignif-
icant unless accompanied by intrathoracic or extrathoracic soft-tissue swelling, pleural
effusion, or clinical signs. Sternebral malformations usually are insignificant. Variations in
the size and number of sternebrae and in the shape of the manubrium and xiphoid are
common.

Thoracic conformation varies with breed and each variation influences the appearance
of the thoracic viscera. It is important to note the animal s thoracic shape and evaluate the
thoracic viscera accordingly. Three major categories may be observed:

1. Deep and narrow such as Doberman Pinschers, Afghan Hounds, Collies, and

Whippets (Fig. 2-11).
2. Intermediate such as German Shepherd dogs, Labrador Retrievers, and
Dalmatians (Fig. 2-12).
3. Shallow and wide such as English Bulldogs, Basset Hounds, and Dachshunds
(Fig. 2-13).
Some variation occurs even within the same breed; therefore categorization should be
based on each individual s conformation.

DIAPHRAGM

The diaphragm defines the caudal margin of the thoracic cavity. It is visible radiographically,
because the air-filled lung contacts its smooth cranial surface. With deep inspiratory efforts, the
diaphragmatic attachments to the thoracic wall may appear on the ventrodorsal or dorsoven-
tral views as peaks or scalloped margins along the diaphragm margin. This has been referred
to as tenting of the diaphragm. The caudal margin of the diaphragm blends with the shadows
of the liver and stomach. The diaphragm is composed of a right and left crus in its dorsal aspect
and a central cupula, or dome, in the ventral portion. There are three separate openings
through the diaphragm for the aorta, esophagus, and caudal vena cava. Because of its curved
shape, the diaphragmatic profile changes with the animals position and the x-ray beam
angle.1% The diaphragm s shape is influenced also by respiratory phase, pressure from intratho-
racic structures (e.g., normal, hypoinflated, or hyperinflated lungs, pulmonary masses) or
abdominal contents, breed, obesity, and age. Because of the diaphragms complex shape, aer-
ated lung will be superimposed over the liver and pulmonary pathology may be more readily
identified in those areas, depending upon the radiographic technique that was used.

In the ventrodorsal and dorsoventral radiographs, the cranial peak of the cupula fre-
quently lies to the right of the midline. The caudal vena cava interrupts the diaphragmatic
outline at about this point. The crura may be identified as separate structures overlapping
the cupula laterally, curving caudally toward the midline, and blending with the vertebral
column at about T10. The crura are more often evident on a ventrodorsal view, because the
angle of the x-ray beam divergence will allow some portions of the beam to be tangential
to the individual portions of the diaphragm. However, there is considerable variation
among individuals, so the appearance is variable and one, both, or neither crura may be
seen. On the lateral radiograph, all three portions of the diaphragm are usually evident,
with the dependent crus usually cranial to the opposite crus.1? The margins of the caudal
vena cava interrupt the outline of the right crus. When the animal is in right lateral recum-
bency, the air-filled gastric fundus may be identified caudal to the left crus. Fat within the
falciform ligament ventral to the liver may outline the diaphragmatic cupula on the
abdominal side. This may be a helpful finding in patients with pleural fluid in which
diaphragmatic hernia is being considered as a possible diagnosis.

Sonographically, the diaphragm is not identifiable specifically. The interface of the
diaphragm and the air-filled lung creates a hyperechoic line that has the shape of the nor-
mal diaphragm. This interface frequently is misidentified as the diaphragm. The actual
diaphragmatic muscle is obscured by the reverberation that occurs at the level of the
diaphragm-lung interface. Diaphragmatic muscle is clearly visible only when there is
simultaneous pleural and peritoneal effusion. The caudal vena cava usually can be identi-
fied traversing the diaphragm. Identification of the esophagus at the esophageal hiatus is
more difficult due to air in the stomach and lung.
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Fig. 2-11 A 2-year-old female
Doberman Pinscher brought in for
routine ovariohysterectomy. Thoracic
radiographs were obtained at the
owners request. The thorax is nor-
mal. A, On the lateral radiograph the
cardiac size and shape are normal for
a dog of narrow thoracic conforma-
tion. B, On the ventrodorsal radi-
ograph a soft tissue dense triangular
structure is present in the cranial left
thorax. This represents soft tissue and
fat within the cranial mediastinum
(arrows). In young dogs, the thymus
may be identified in this location.
Diagnosis: Normal thorax.
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Fig. 2-12 An 11-year-old female German Shepherd dog with a 2-
month history of unilateral epistaxis. The thorax is normal. A, On
the ventrodorsal radiograph fat density can be seen in the cranial
mediastinum (arrows) and also outlines the caudal mediastinum
(arrows). B, The density ventral to the cardiac silhouette on the lat-
eral radiograph represents fat in the ventral mediastinum. There is
an indentation in the cranial ventral margin of the cardiac silhouette
at the site of the interventricular groove (open arrow). Pulmonary
structures are identified easily with calcification present within some
bronchial walls. This is most obvious on the lateral radiograph over
the cardiac silhouette. The size and shape of the cardiac silhouette are
normal for a dog with intermediate thoracic conformation.
Diagnosis: Normal thorax.

B

PLEURAL SPACE

The pleural space is a potential space between the visceral and parietal pleura and between
the visceral pleura of adjacent lung lobes. In normal animals, a small amount of serous
fluid is present within this space. However, because of the size of this space and the small
amount of fluid that it contains, it is not visible radiographically. Fluid or air accumulation
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Fig. 2-13 A 7-month-old male
English Bulldog with a 1-month his-
tory of anorexia. The thorax is nor-
mal for a dog of this breed. The
cardiac silhouette appears enlarged;
however, it is normal for a dog of
wide thoracic conformation. A and
B, The cranial mediastinum also
appears widened, but this dog is
obese and the mediastinal widening
represents an accumulation of fat. B,
On the ventrodorsal radiograph fat
also is seen within the caudal medi-
astinum (closed arrows). The accu-
mulation of fat also is responsible for
the separation of the lungs from the
thoracic wall in the caudal portion of
the thorax (open arrows). Diagnosis:
Normal thorax.
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within this potential space, or fibrosis, or calcification of the pleura will make the pleural
space visible. When the direction of the x-ray beam is parallel to an interlobar fissure, it
may be radiographically evident as a thin linear tissue density. The locations of the inter-
lobar fissures within the thorax are fairly consistent and these should be examined specif-
ically. Fat may accumulate beneath the parietal pleura in obese animals and be visible (see
Fig. 2-13). The pleural space width may be accentuated on an expiratory radiograph in a
normal animal.

The normal pleural space is not identifiable sonographically because it is so small. Mild
pleural thickening or calcification usually is not identified. A small volume of air that is free
in the pleural space may be extremely difficult to differentiate from air that is within the
lung. Horizontal-beam radiographs can facilitate the identification of small amounts of
either pleural air or fluid. Pleural fluid is readily identifiable sonographically as a relatively
hypoechoic area (anechoic to hypoechoic [i.e., with floating echogenic foci] depending
upon the cellular and protein content of the fluid) between the thoracic wall and the lung.

MEDIASTINUM

The mediastinum separates the right and left hemithoraces into unequal portions and is
formed by parietal pleural reflections (mediastinal pleura) over the midline mediastinal
structures. The cranial mediastinum contains a number of vascular, lymphatic, and other
structures, including the cranial vena cava; brachiocephalic, subclavian, and internal tho-
racic arteries; azygous vein; thoracic duct; phrenic, vagal, recurrent laryngeal, car-
diosympathetic, and cardiovagal nerves; esophagus; trachea; and sternal and cranial
mediastinal lymph nodes. The right cranial lung lobe displaces the cranial ventral medi-
astinum to the left. The accessory lung lobe displaces the caudal ventral mediastinum
into the left hemithorax. The mediastinum is fenestrated in the dog and does not prevent
passage of fluid or air between the right and left hemithoraces. However, the medi-
astinum frequently is complete (i.e., not fenestrated) in the cat. The mediastinum in both
species communicates cranially with the cervical fascia and caudally with the retroperi-
toneal space.

The dorsal mediastinum extends from the thoracic inlet to the diaphragm, but it is not
identifiable radiographically. The ventral mediastinum is divided into precardiac and post-
cardiac portions by the heart. The precardiac mediastinum contains a number of soft tis-
sue dense structures and is readily identified radiographically. On the ventrodorsal
radiograph, it lies mostly on the midline; however, its ventral portion is displaced to the left
by the right cranial lung lobe. On the lateral radiograph, the ventral precardiac medi-
astinum may be identified from the trachea to the ventral margin of the cranial vena cava.
Except for the tracheal lumen or calcified tracheal rings, the individual tissue-dense struc-
tures within the cranial mediastinum usually cannot be identified on survey radiography.
The caudal ventral mediastinum, postcardiac portion, casts a shadow on the ventrodorsal
view only. It extends obliquely from the cardiac apex to the diaphragm and is displaced to
the left by the accessory lung lobe.*0

The caudal mediastinal structures (i.e., caudal vena cava, aorta, esophagus) are discussed
separately. Note that the caudal vena cava is in a fold, or plica, of the right mediastinal pleura
and therefore is isolated from the potential space within the posterior mediastinum.

In puppies and kittens, the thymus may produce a widened cranial ventral medi-
astinum. This appears in the left precardiac mediastinum asa sail sign extending from the
mediastinum toward the left thoracic wall, just cranial to the heart. In older dogs and cats,
especially obese individuals, the precardiac and, much less frequently, the postcardiac
mediastinum may be quite wide. Fat may separate the cardiac silhouette and lung from the
sternum on the lateral view, mimicking pleural fluid or even, rarely, air (see Figs. 2-12 and
2-13). The presence of mediastinal fat should be recognized, because where the fat is con-
tiguous with the heart the cardiac margins will remain apparent. This occurs because the
fat is less dense than the heart. However, a mediastinum that is widened as a result of
fat accumulation will not displace the trachea. This characteristic helps distinguish fat
within the mediastinum from widening due to a mediastinal mass. Also, the lateral medi-
astinal margins usually are smooth and linear when widened due to fat accumulation,
whereas masses usually cause the medial margin of the cranial lobes to be curvilinear (i.e.,
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bulge laterally). In obese animals, small volumes of pleural fluid and small mediastinal
masses can be hidden within the mediastinal fat.

The mediastinum sometimes can be viewed using the heart as a sonographic window.
Normal individual structures other than the aortic root and caudal vena cava normally are
not identified, because the lung almost completely envelops the heart and blocks transmis-
sion of the sound waves. Transesophageal ultrasonographic techniques have been used to
evaluate mediastinal structures.*!

Computed tomography has been used to evaluate the mediastinum, and the normal
structures have been described.4243

TRACHEA

The air-filled radiolucent trachea is identified easily in every thoracic radiograph. It is an
important landmark for evaluating the mediastinum and the cardiac silhouette. The
position of the trachea in the cranial thorax may vary depending on the position of the
head and neck. When the head and neck are extended, the normal trachea is straight;
head or neck flexion may produce a dorsal or rightward curve in the trachea (Fig. 2-14).
The trachea and the thoracic spine usually have a slowly progressive divergence from the
thoracic inlet to the tracheal bifurcation. The degree of tracheal-spine divergence (i.e.,
ventral deviation from the spine) varies with thoracic conformation and is greater in
animals with deep, narrow thoracic dimensions than in those with shallow, wide
conformation.

The tracheal diameter varies only slightly with respiration in most animals. This vari-
ation may be increased in older small-breed dogs, especially those with tracheal chon-
dromalacia, but usually is not identified except on paired inspiration and expiration
films due to the minimal change involved. The cervical trachea narrows slightly at inspi-
ration and widens slightly at expiration, while the reverse happens in the intrathoracic
trachea. Tracheal size should equal the internal laryngeal diameter measured at the
cricoid cartilage or should be at least 3 times the diameter of the proximal one third of
the third rib. If the diameter is smaller, a diagnosis of tracheal hypoplasia may be
made.**4> Similarly, the tracheal diameter should be constant between the larynx and
just cranial to the tracheal bifurcation.

The inner (mucosal) surface of the trachea should be smooth and well defined. On the
lateral radiograph, the esophagus may overlap the trachea at the thoracic inlet and partially
obscure its lumen. The significance of this overlap shadow is controversial, and some radi-
ologists consider it a sign of partial collapse or invagination of the cervical portion of the
dorsal trachealis muscle due to direct pressure from the adjacent esophagus. Tracheal ring
calcification varies among individuals but usually increases with advancing age and has no
clinical relevance.

The trachea branches into the bronchial tree caudal to the aortic arch at the fifth or
sixth intercostal space, almost invariably the sixth in the cat. A ventrodorsal radiograph
may need to be overexposed to demonstrate the trachea and bronchial branches because
of the superimposed density of the sternum and spine. The angle at which the bronchi
branch will vary, but it is usually 60 to 90 degrees depending upon the patient s confor-
mation. On the right lateral radiograph, a slight ventral deviation of the trachea occurs
at the bifurcation, followed by a dorsal deflection of the caudal main stem bronchi. The
right cranial lobe bronchus is usually the most cranial bronchial branch, with the left
cranial lobe bronchus branching next from the ventral trachea.*® The right middle lobe
bronchus rarely is identified. The main stem bronchi to the caudal lung lobes continue
caudally and dorsally.

In younger dogs, the larger bronchi can be traced only a short distance beyond the
bifurcation. In older dogs, the bronchial walls may be traced more peripherally due to
either bronchial or peribronchial fibrosis or calcification.

EsoPHAGUS

The normal esophagus is usually not visible because of the blending of its fluid density
with that of other mediastinal structures. However, if the esophagus contains a swal-
lowed bolus of air, it may be identified anywhere along its path. In some individuals, the
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Fig. 2-14 A 4-year-old spayed Doberman Pinscher with a mass in the oral cavity. The thorax was
radiographed to evaluate the dog for the possibility of pulmonary metastasis. A, In the initial lateral
radiograph the trachea appeared to be deviated dorsally, cranial to the cardiac silhouette. B, A second
lateral thoracic radiograph was obtained with the head and neck extended. The tracheal deviation is
no longer identified. There was no evidence of pulmonary metastasis. Diagnosis: Normal thorax.

normal esophagus can be seen on the lateral radiograph as a fluid-dense stripe dorsal to
the caudal vena cava and extending caudally from the level the heart to the esophageal
hiatus of the diaphragm. In other individuals, visualization of this structure may repre-
sent an abnormal finding.

The esophagus is located to the left of the trachea at the thoracic inlet, becomes dorsal
to the trachea in the cranial mediastinum, and continues at that level to the diaphragm.
The esophagus can become dilated when an animal is anesthetized or exhibit marked
aerophagia associated with struggling during restraint. This dilation should not be misin-
terpreted as esophageal disease.

CARDIAC SILHOUETTE

Radiographic evaluation of the cardiac silhouette is complicated by the size and shape vari-
ations in different species, breeds, and individuals, and by the effect of malpositioning on
its appearance. The cardiac silhouette is not a profile of the heart itself but is composed of
the heart, pericardium, pericardial and mediastinal fat, and other structures at the hilus of
the lung.

Cardiac size varies slightly with respiration. A minimal increase in size at expiration is
enhanced by a decreased lung volume and increased sternal contact.

The cardiac size and shape vary during the cardiac cycle.4” This change is most notice-
able in larger dogs and when short exposure times are used. Ventrodorsal radiographs of
the heart during ventricular systole are characterized by a widened cranial portion, nar-
rowed apex, and bulging or accentuation of the main pulmonary artery.

Because the angulation and position of the heart within the thorax vary depending
on the animal s thoracic conformation, the cardiac shape also varies. Dogs with deep and
narrow thoracic conformation have an elongated, thin, oval, or egg-shaped heart, which
often seems relatively small when compared with the thoracic volume. On the lateral
views of these dogs the apex base axis of the heart is almost perpendicular to the spine
with minimal sternal contact (see Figs. 2-11 and 2-14). The normal variation in cardiac
shape, observed when comparing ventrodorsal and dorsoventral radiographs, is most
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apparent in dogs with this thoracic conformation. In these dogs, the cardiac apex is fre-
quently positioned on the midline during inspiration and to the left of the midline on
expiration.

Dogs with intermediate thoracic conformation have a wider cardiac silhouette that, on
the lateral radiograph, is inclined cranially within the thorax and has more sternal contact
than dogs with deep, narrow conformation (see Figs. 2-7 and 2-12). The cardiac silhouette
has a reverse-p shape in the dorsoventral radiograph, and the cardiac apex is usually posi-
tioned slightly to the left of the midline.

Dogs with shallow, wide thoracic conformation have a short, round cardiac silhouette
that, on the lateral radiograph, has a marked cranial inclination and a long area of sternal
contact (see Figs. 2-10 and 2-13). On the ventrodorsal or dorsoventral radiograph, the car-
diac apex usually is located to the left of the midline and is often difficult to identify
because of its broad shape. This type of dog has a heart that always appears to be enlarged
relative to the thoracic volume.

The size and shape of the feline heart are fairly uniform among different breeds and are
similar to that of the dog, except that the apex is narrower when compared with the base or
cranial cardiac margin.*® In older cats, an increased sternal contact often occurs along with
an elongated aortic arch.4® This drooping or uncoiled aortic arch may appear as a distinct
circular structure, or masslike effect, in the left cranial aspect of the cardiac silhouette on the
ventrodorsal or dorsoventral views. This finding does not appear to have clinical relevance.
A study has noted a tendency for pericardial fat pads in cats to be interpreted as a part of the
cardiac silhouette, leading to the misdiagnosis of cardiomegaly.>® However, the use of higher
kVp techniques and careful evaluation of density differences often permit discrimination of
the border between the pericardial fat and cardiac silhouette.

Sternal and thoracic wall deformities also affect the position and, consequently, the
shape and relative size of the cardiac silhouette. Some consideration must be given when
these deformities are present.

Variation in thoracic conformation and cardiac size among normal dogs and cats is a
problem in recognizing cardiac disease; previous radiographs for comparison are always
helpful. When these are not available, mild or sometimes moderate degrees of apparent
generalized cardiomegaly should be considered to be of questionable significance unless
supported by clinical, electrocardiographic, or ultrasonographic evidence of cardiomegaly.
This is particularly true in older toy and small-breed dogs.

Several methods have been proposed for measuring cardiac silhouette size. One system
for the dog uses a vertebral scale methodology to measure heart size.>! The overall heart
size is measured and compared with the thoracic vertebrae (beginning at T4 and proceed-
ing caudally). The vertebral heart size (VHS) is then expressed as total units of vertebral
length to the nearest 0.1 vertebra. Using this system, the sum of the long and short axes of
the heart, expressed as VHS, was 9.7 — 0.5 vertebra. Exceptions were noted in dogs with a
short thorax (e.g., Miniature Schnauzer) or a long thorax (e.g., Dachshund). Modifications
to this method have focused on breed-specific ranges and a scale for growing puppies.5253
A similar method of mensuration has been described for the cat, which uses the measure-
ment of the length and breadth of the cardiac silhouette and normalizes it to the length of
certain vertebrae or sternebrae.>*

The outline of the cardiac silhouette is a composite of different structures. Several
schemes have been proposed for remembering which cardiac chamber or vessel forms each
segment or portion of the cardiac outline. The simplest method divides the cardiac silhou-
ette into four segments on the lateral radiograph. The cranial dorsal segment is formed pre-
dominately by the right ventricle and atrium, more specifically the right auricular
appendage, with some contributions by the superimposed pulmonary trunk and ascend-
ing aorta. The cranial ventral segment is formed almost exclusively by the right ventricle.
The caudal dorsal segment is formed by the left atrium and the caudal ventral by the left
ventricle. Areas referred to as waists are defined cranially and caudally on the lateral view.
The cranial waist is at the confluence of the cardiac silhouette and the cranial vena cava,
which forms the ventral border of the visible cranial mediastinum. Enlargement of the
structures in the craniodorsal segment result in a loss of the cranial waist. Similarly, the
caudal waist is the transition between the left ventricle and the left atrium along the caudal
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border of the cardiac silhouette. Enlargement of the left atrium results in a loss of the cau-
dal waist.

On the ventrodorsal radiograph, the cardiac silhouette can be divided into left and right
sides by creating an oblique line coursing caudally from the cranial aspect of the right side
of the cardiac silhouette (just to the right of the visible portion of the cranial mediastinum)
through the caudal apex of the silhouette. The cranial right segment is formed by the right
ventricle and atrium and the caudal right segment by the right ventricle. The cranial left seg-
ment is formed by the confluent shadows of the descending aorta, main pulmonary artery,
and left auricular appendage. The caudal left segment is formed by the left ventricle.

Another scheme for describing the cardiac margins uses clock references. In the lateral
radiograph, the left atrium occupies the twelve to two o clock position, the left ventricle is
found from two to five or six o clock, the right ventricle from five or six to nine or ten
o clock, and the composite of the right auricular appendage, main pulmonary artery, aor-
tic arch, and some mediastinal structures, including the cranial vena cava as it approaches
the right atrium, occupies the area from ten to twelve o clock. In the ventrodorsal radi-
ograph, the main pulmonary artery is located from one to two o clock, the left auricular
appendage from two to three o clock, the left ventricle from three to five or six o clock, the
right ventricle from five or six to ten o clock, and the right atrium and caudal extent of the
cranial vena cava from ten to twelve o clock. The clock face model serves as a rough guide,
but thoracic conformation and position of the cardiac apex will alter slightly these cardiac
chamber positions.

On the lateral radiograph, the cardiac silhouette extends from the third or fourth to the
seventh or eighth rib and occupies roughly two thirds of the thoracic height. It has a dor-
sal base, a rounded cranial border, and a slightly less rounded caudal border. The cardiac
apex contacts or is slightly separated from the seventh sternebra. The ventral margin of the
cranial vena cava blends with the cranial cardiac margin, and a fairly sharp angle or even
an indentation may be present at this point, the cranial cardiac waist. This is the point of
division between the right atrium and right ventricle. In obese dogs, another indentation,
the interventricular groove, may be identified on the ventral cardiac margin (see Fig. 2-12).
Ventral to the point where the caudal vena cava crosses the caudal cardiac margin, a third
indentation may be identified. This is roughly the point of division between the left atrium
and left ventricle. Identification of the cranial and caudal waists is often difficult, but they
can serve as useful landmarks.

The heart s appearance may vary between dorsoventral and ventrodorsal views and also
may vary in consecutive dorsoventral or ventrodorsal views due to shifting of the cardiac
apex. If the position of the apex is noted carefully, the changes that result should not be too
confusing. On the ventrodorsal or dorsoventral radiograph, the cardiac silhouette in the
average dog extends from the third to the eighth or ninth rib. At its widest point, it occu-
pies one half to two thirds of the thoracic width. The cranial margin of the heart blends
with the mediastinal density. Contained within this area are the right auricle and aortic
arch. The right lateral cardiac border is rounded. The apex usually is located to the left of
the midline and has a somewhat blunted tip. The left lateral border, almost straight and free
of bulges, produces a shape that has been described as a lopsided egg.

Normal echocardiographic anatomy has been well described.” The structures that are seen
depend upon the view that is used. The most commonly used images are the right parasternal
views. These usually are displayed with the cardiac apex to the left and the base to the right. All
of the cardiac chambers are displayed on the right parasternal long-axis left ventricular out-
flow view (Figs. 2-15 and 2-16). The size and relationship of the chambers and walls in this
view have been measured.>>5% The measurements usually are performed using the M-mode
study (Figs. 2-17 and 2-18). The normal values for both dogs and cats have been described
(Figs. 2-19 to 2-22) (Table 2-1). These values must be applied carefully, because there is varia-
tion in the mean values among different breeds of dogs as well as among individuals.t% There
are even differences between Greyhounds that are in training and those that are not.61.62 The
normal values for cats show much less variation except for those seen in kittens.57:63 Also

*References 19, 21, 23, 24, 55-59.
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obtained from this site is the right parasternal long-axis four-chamber view, which is used to
assess both the right and left heart (Figs. 2-15 and 2-23). The right parasternal short-axis views
can also be obtained from this window. These usually are displayed with the pulmonary artery
to the right side of the screen. These images can be used to evaluate the left ventricular (LV),
left atrial (LA), and aortic (AO) diameters and wall thicknesses (Figs. 2-24 to 2-29).54 By tak-
ing measurements at a site at end systole and end diastole just below the tips of the mitral valve
leaflets between (i.e., totally excluding) the papillary muscles, both fractional shortening and
ejection fractions can be calculated. The percentage of fractional shortening is a commonly

used index of cardiac contractility and is calculated from the formula:

(LV end-diastolic dimension) (LV end-systolic dimension)

100.

Fig. 2-15 Diagrammatic representations of the normal appearance
of the right parasternal long-axis four-chamber view and long-axis
left ventricular outflow view. RA, Right atrium; TV, tricuspid valves;
RV, right ventricle; LA, left atrium; MV, mitral valves; LV, left ventri-
cle; CH, chordae tendineae; PM, papillary muscle; VS, interventricu-
lar septum; LVW, left ventricular free wall; AO, aorta; LC, left
coronary cusp; RPA, right pulmonary artery. (From Thomas WP,
Gaber CE, Jacobs GJ, et al: Recommendation for standards in
transthoracic two-dimensional echocardiography in the dog and cat.
J Vet Intern Med 1993; 7:248.)

Fig. 2-16 A right parasternal long-axis left ventricular outflow view
of the heart showing the right atrium (ra), right ventricle (rv), aorta
(a0), left cusp of the aortic valve (Ic), left ventricle (lv), and left
atrium (1a). This view is taken at a slightly different angle than that
shown in Fig. 2-15. Diagnosis: Normal heart.

(LV end-diastolic dimension)

Long-Axis 4-Chamber View

Long-Axis LV Outflow View




Chapter Two The Thorax

49

B

Ejection fractions can be calculated from the fractional shortening, but because of their
critical dependence on assumptions of ventricular shape, which are not always accurate in
the multiple breeds and sizes of animals examined, they are used infrequently in clinical
veterinary medicine. The structures at the heart base (e.g., pulmonic valve and pulmonary
artery) are best observed with the right parasternal short-axis views of the heart
base. Other views that may be helpful in specific cases include the left caudal (apical)
parasternal four-chamber and five-chamber (Figs. 2-30 to 2-32), the left caudal
(apical) parasternal two-chamber, and the left cranial parasternal long-axis views.

The motion of the various cardiac components should be evaluated. Although motion
of the left atrial wall is difficult to assess, the structure and motion of the mitral valve
leaflets have been studied closely. The valve leaflets, anterior (septal) and posterior, should
appear as slender, smoothly marginated, clearly delineated echogenic structures. The ante-
rior leaflet is hinged to the atrium at the same level as the left coronary cusp of the aortic
valve. The posterior is affixed at the junction of the atrial and ventricular myocardium.
During early diastole, the passive stage of left ventricular filling, the mitral valve opens to
its widest extent. The septal leaflet touches (in cats and small-breed dogs) or nearly touches
(large-breed dogs) the interventricular septum. In an M-mode echocardiogram, the point
of maximal excursion of the septal leaflet is referred to as the E point (see Fig. 2-18). The
distance between the E point and septum is referred to as the E-point septal separation

Fig. 2-17 A and B, Composite dia-
gram showing the standard M-mode
sites for cardiac mensuration using
the right parasternal long-axis left
ventricular outflow tract view. T,
Transducer; TW, thoracic wall; RvW,
right ventricular wall; RV, right ven-
tricle; 1VS, interventricular septum;
LV, left ventricle; LVW, left ventricu-
lar wall; AV, aortic valve; AO, aorta;
AMV, anterior leaflet of the mitral
valve; PMV, posterior leaflet of the
mitral valve; LA, left atrium; PER,
pericardium; TV, tricuspid valve;
EN, endocardium. (From Bonagura
JD, OGrady MR, Herring DS:
Echocardiography: principles of
interpretation. Vet Clin North Am
1985; 15:1177.)
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Fig. 2-18 M-mode echocardiograms with simultaneous electrocardiogram tracing demonstrating
structures that routinely are measured in a complete echocardiographic examination. A, RVWED,
Right ventricular wall at end diastole; RVEDD, right ventricular end-diastolic diameter; TV, tricuspid
valve; IVSED, interventricular septum at end diastole; IVSES, interventricular septum at end systole;
LVEDD, left ventricular end-diastolic diameter; LVESD, left ventricular end-systolic diameter;
LVWED, left ventricular wall at end diastole; LVWES, left ventricular wall at end systole; LVWA, left
ventricular wall amplitude. B, RV, Right ventricle; D, initial opening of the mitral valve; E, maximal
early diastolic opening of the mitral valve; F, closure of leaflets after early diastolic filling (the slope
from E to F is the velocity of diastolic closure); C, closure of mitral leaflets just before systole; EPSS,
E-point septal separation; AMV, anterior leaflet of the mitral valve; PMV, posterior leaflet of the
mitral valve. C, RV, Right ventricle; Ao, aortic root; AS, aortic valve during systole; AD, aortic valve
during diastole; AA, aortic amplitude; LA, left atrium. (From Moise NS: Echocardiography. In Fox
PR, ed: Canine and feline cardiology. Churchill Livingstone, New York, 1988; p 124.)

(EPSS). The posterior leaflet closely approaches the left ventricular free wall. As this stage
ends, the leaflets begin to fall together. In later diastole, the left atrial contraction begins
(the active stage of left ventricular filling) and the leaflets are again distracted. Their excur-
sion is not as great as that seen with passive filling. The point of maximal excursion of the
septal leaflet in this phase is referred to as the A point. This may not be apparent in views
that are off angle or in patients with rapid heart rates. As ventricular systole begins,
the valve leaflets close completely, meeting in a straight line across the mitral valve orifice.
The valve leaflets should not bulge nor displace into the left atrium.

The motion of the left ventricular free wall and interventricular septum should be
observed also (see Fig. 2-18). During systole, these structures should approach each other
symmetrically. A slight lag between the septum and free wall may be seen because the sep-
tum depolarizes a few milliseconds before the free wall, causing it to contract that much
sooner. If there is a longer lag, this may represent an oblique angle through the ventricle.
During diastole, the ventricular walls should move apart.

The aortic valve should be closed during diastole and open during systole. On the
M-mode echocardiogram, the cusps of the aortic valve will appear as an open rectangle
at the time the aortic valves are open. When closed, the cusps will appear as a single line
(see Figs. 2-17 and 2-18).

Contrast echocardiographic studies commonly use saline that has been well shaken
with air, so that it contains large numbers of microscopic bubbles. The saline is injected
intravenously and the microbubbles are imaged as multiple, small, discrete hyperechoic
foci flowing through the right heart and into the pulmonary arteries. The bubbles are
cleared by the alveolar capillaries and should not appear in the left heart.

Several brands of ultrasonographic contrast media have become or will soon be avail-
able. Some of these have bubbles that are small enough in size and of sufficient uniformity
to traverse the pulmonary capillaries, allowing visualization of flow through the left heart
as well as the right.
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Special transducers (e.g., transesophageal transducers) have been used to obtain high-
resolution images of heart base structures. However, these transducers are expensive and
have not yet become common in clinical practice.5566

Doppler echocardiography allows determination of the direction and velocity of
blood flow by using information from the Doppler shift effect. This physical principle
results from a shift in frequency of an echo that is induced by a change in position of the
structure that is generating the echo. The shift will be to a higher frequency if the struc-
ture is moving toward the transducer and to a lower frequency if it is moving away from
the transducer. The magnitude of the shift is related to the object s speed of movement.
This Doppler shift induced by the moving red blood cells can be used to assess hemody-
namic information. Conventionally, flow or movement away from the transducer is dis-
played below, and flow toward the transducer is displayed above, the baseline. The
pressure differential or gradient across a valve ( P [mm Hg]) is estimated by applying
the modified Bernoulli equation to the known velocity of flow (V [m/s]) across a valve
( P=4 VZ).Zl

Fig. 2-19 Graphs showing the nor-
mal values (predicted value —95%
confidence interval) of the left
atrium (A) and aortic root (B).
(From Bonagura JD, O Grady MR,
Herring DS: Echocardiography:
principles of interpretation. Vet Clin
North Am 1985; 15:1191.)
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FiG. 2-20 Graphs showing the nor-
mal values (predicted value —95%
confidence interval) of the normal
ventricular septal thickness in dias-
tole (A) and systole (B). (From
Bonagura JD, O Grady MR, Herring
DS: Echocardiography: principles of
interpretation. Vet Clin North Am
1985; 15:1190.)
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Duplex Doppler units capable of simultaneously displaying both a two-dimensional
and a pulsed Doppler image are helpful, because the site from which the Doppler signal
originates is visible. In areas with high flow rates or in areas that are relatively distant from
the transducer, a continuous wave Doppler (nonimaging) system is more accurate. As a
general rule, lower-frequency transducers are better for Doppler studies and higher-
frequency transducers produce better images (at the cost of less depth penetration). A com-
promise often must be made in transducer selection.

Doppler studies may be performed to investigate blood flow characteristics at
any site in the heart. The method for evaluating the common sites has been described (Fig.
2-33).2567-69 An example of the detailed information available using Doppler echocardio-
graphy can be seen in studies of the left atrium. Sampling usually is performed using a left
caudal parasternal view, a four-chamber inflow view. To evaluate mitral valve competence,
the sample volume position should be in the left atrium one fourth of the distance
between the mitral annulus and the dorsal wall. To evaluate the flow across the mitral
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valve, the sample volume is positioned in the left ventricle, just distal to the mitral valve
annulus at the point of maximal opening of the mitral valve.2>67 Normal studies at heart
rates less than approximately 125 beats per minute will clearly reveal separate flows dur-
ing passive (E wave) and active (A wave) filling of the ventricle (Fig. 2-34). With very slow
rates, a separate L wave associated with pulmonary vein inflow may be seen between the
E wave and A wave. During systole, a fourth wave (S wave) is seen, which is a low-veloc-
ity, positive turbulent flow signal and occurs after the A wave. In heart rates greater than
approximately 125 beats per minute, these flow phases begin to coalesce, and at rates
greater than 200 beats per minute the E and A waves are no longer distinguishable.?®
Similar information may be obtained at the tricuspid valve (Fig. 2-35).

AORTA

The aortic arch and branches of the ascending aorta are obscured by the fluid density of
the cranial mediastinum. On the lateral radiograph, the descending aorta can be identified
crossing the trachea cranial to the tracheal bifurcation and continuing caudally and dor-
sally from that point. If a good inspiratory radiograph is obtained, the aorta may be traced
to the diaphragm. However, in most normal animals, its smooth margin (especially the

Fig. 2-21 Graphs showing the nor-
mal values (predicted value —95%
confidence interval) of the normal
left ventricular wall thickness during
diastole (A) and systole (B). (From
Bonagura JD, O Grady MR, Herring
DS: Echocardiography: Principles of
interpretation. Vet Clin North Am
1985; 15:1189.)
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Fig. 2-22 Graphs showing the nor- 60
mal values (predicted value —95%
confidence interval) of the left ven- 551
tricular internal dimension during
diastole (A) and systole (B). (From s0-]
Bonagura JD, O Grady MR, Herring
DS: Echocardiography: principles of 5
interpretation. Vet Clin North Am
1985: 15:1188.) B 0]
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Fig. 2-23 A right parasternal long-axis four-chamber view of the
heart showing the right atrium (ra), tricuspid valve (tv), right ven-
tricle (rv), left atrium (la), mitral valve (mv), left ventricle (Iv), chor-
dae tendineae (ch), interventricular septum (vs), and left ventricular
free wall (Ivw). This view was taken at a slightly different angle than
that shown in Fig. 2-15. Diagnosis: Normal heart.
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Table 2-1 Normal Echocardiographic Values in Cats

MENSURAL (N =11) (N =25) (N =30) NG (N =30) (N =16)
LVEDD (cm) 1.51+0.21 1.48+0.26 1.59+0.19 1.10... 1.601.40 £ 0.13 1.28 +0.17
LVESD (cm) 0.69+0.22 0.88+0.24 080+0.14 0.60..100 081+016 0.83+0.15
Ao (cm) 095+0.15 0.75+0.18 095+0.11 0.65..1.10 094+0.11 094=x0.14
LA (cm) 1.21+0.18 0.74+0.17 1.23+0.14 0.85..125 1.03+0.14 0.98+0.17
LA/Ao (cm) 1.29+0.23 1.30+0.127 0.80...1.30 12.10180.,
IVSED (cm) 0.50+0.07 045+0.09 0.31+0.04 0.25..050 0.36+0.08 ,
IVSES (cm) 0.76 £0.12 0.58+0.06 0.50...0.90 |, "
LVWED (cm) 0.46 £0.05 0.37+0.08 0.33+0.06 0.25...0.50 0.35+0.05 0.31+0.11
LVWES (cm) 0.78+0.10 0.68+0.07 0.40...090 , 055+0.88 ,
RVED (cm) 0.54+0.10 , 0.60+x0.15 050+0.21
LVWA (cm) 0.50+0.07 " " 0.32+0.11
EPSS (cm) 0.04 £0.07 0.02+0.09 , " N
AA (cm) 0.36 £0.10 N B B
MVEFS 54.4+134 87.2+259 " 83.78 =
23.81
(mm/sec)
DD% (%) 55.0+£10.2 41073 493+53 29 .. 42.7+8.1 345+12.6
LVWT (%) 395+7.6 " " " »
IVST (%) 335+8.2 " " " "
HR 182 + 22 167 + 29 194 + 23 N 255 + 36 "
(beats/min)
WT (kg) 43+05 47+12 41+11 " 391+1.2 "
“Mean + SD.
*Usual range.

' Cats anesthetized with ketamine.
N, Number of cats in studNG, information not given{.VEDD,left ventricular end-diastolic diametd&VESD,
left ventricular end-systolic diametep, aorta;LA, left atrium; LA/Ao, left atrium-to-aortic root ratio;]VSED,
interventricular septum at end diastol¢ SESjnterventricular septum at end systdl®WED, left ventricular
wall at end diastoléVWES]eft ventricular wall at end systoRYED right ventricular diameter at end diastole;
LVWA, left ventricular wall amplitudeEPSSE-point septal separatio®A, aortic amplitude;MVEFS mitral
valve E-F slop&D%, fractional shortening;VWT, left ventricular wall thickenindYST,interventricular septal
thickening;HR, heart rateWT, weight.
From Moise NS: Echocardiography. In Fox PR, ed: Camddeline cardiology. Churchill Livingstone, Newkyor

1988; p 27.

Fig. 2-24 Diagrammatic representations of the normal appeararfic
the right parasternal short-axis vieR#, Right atrium;TV, tricuspid
valvesRYV, right ventricle;LA, left atrium; MV, mitral valvesiV, left
ventricle; CH, chordae tendineaeAPM, anterior papillary muscle;
PPM,posterior papillary muscl¥;S,interventricular septuni;VW, left
ventricular free wallhO, aorta;LC, left coronary cusgRC,right coro-
nary cuspNC, noncoronary cuspt.PA,left pulmonary arteryRPA,
right pulmonary arteryCaVG caudal vena cava. (From Thomas WP,
Gaber CE, Jacobs GJ, et al: Recommendation for stigridaranstho-
racic two-dimensional echocardiography in the dog aat. J Vet
Intern Med 1993; 7:250.)



