	CHAPTER  3.  THORAX

AXIAL SKELETON  

The axial skeleton consists of the skull (which will be covered later) the vertebrae, ribs, and sternum. 

The vertebrae are arranged to form a column of bones with five distinct regions.  A formula can be written to represent the regions and the number of vertebrae in each region.  The vertebral formula for the dog and cat is C7, T13, L7, S3, Cd20. Therefore, the cervical region contains seven vertebrae (C7), the thoracic (T13), lumbar (L7), sacrum (S3), caudal (Cd20). (C7 may also represent the seventh cervical vertebra etc.).

In many respects most vertebrae are similar; however, distinct variations typify the several regions. A typical vertebra consists of a body, an arch that form a vertebral foramen and processes. When assembled in normal position, all of the vertebral foramina form the long  vertebral canal which houses the spinal cord.  

Observe the notches at points where the arches join the body.  When vertebrae are articulated, the notches appose each other to form intervertebral foramina through which the spinal nerves emerge.  Study the intact skeleton and observe these structures. In living animals, an  intervertebral disks is interposed between the bodies of adjacent vertebrae.  They will be studied later in detail.



Figure 3-1.  Articulated thoracic vertebrae showing an intervertebral foramen formed when notches of adjacent vertebrae are aligned.  (Photo by Paul Rumph)

Notice also that most vertebrae also have several processes  protruding from the surface.  Common examples of these include the  spinous, transverse, and articular processes.  A general general description of the vertebrae is found on pages 166‑168.  You should note the presence and form of the body, arch, and processes as you study the vertebrae in each region.  
Stainless steel plates can be used to fix fractures and subluxations of vertebrae.  The ventral surfaces of vertebral bodies and spinous process are well suited for attachment of the plates.

There are seven cervical vertebrae. The most cranial is the atlas (C1) and it articulates with the skull at the atlanto‑occipital joint.  The joint allows up and down movement of the head.  Identify the transverse foramen, lateral vertebral foramen and wings of the atlas. You should also observe the wings on radiographs.

The atlas and axis (C2) form the atlanto‑axial joint which allows rotation of the head from side to side.  Its most prominent feature of the axis is the large spinous process.  The unique peglike eminence extending cranially from the body is called the dens.



Figure 3-2.  Cervical vertebrae (C1 the atlas and C2 the axis). (Photo by Paul Rumph)


Identify the dens, spinous process, transverse process and transverse foramen on the axis provided for you and on radiographs.



Figure 3- 3. A cervical vertebra positioned to show the vertebral foramen and two transverse foramina. (Photo by Paul Rumph)
The other cervical vertebrae have a more typical form.  Note the spinous, articular, and transverse processes, the shape of the vertebrae and the transverse foramina.  Notice that C7 lacks transverse foramina.

There are normally thirteen thoracic vertebrae.  The first nine are the most characteristic of the region.  Notice the long spinous processes.  On a skeleton or radiograph, note that the heads of the most cranial ribs (usually the first 10 pair) articulate with costal foveae of two adjacent vertebral bodies.  Observe the articulations of the ribs on the intact skeleton.  Caudal to T10, the ribs articulate with only one vertebral body.  The last four thoracic vertebrae resemble the lumbar vertebrae but may be identified by the costal fovae.



Figure 3-4. A thoracic vertebra. (Photo by Paul Rumph)


On the thoracic vertebrae provided for you, identify the transverse process (with costal fovea), fovea for rib on vertebral body, spinous process, mamillary process, and accessory processes (present on last 3 thoracic vertebrae).  Identify them on the radiographs.

Dogs and cats normally have seven lumbar vertebrae and they all have prominent spines.  The long transverse processes characteristically extend in a cranial direction.  Identify the following structures on lumbar vertebrae.  Identify them on the radiographs.

1.	Spinous process
2.	Transverse process
3.	Cranial and caudal articular processes
4.	Mamillary process
5.	Accessory processes on first 4 or 5 vertebrae
A hemilaminectomy is performed to and relieve pressure on the spinal cord. This pressure may be caused by herniation of an intervertebral disk, tumor, hemorrhage or other cause.  In the lumbar region, hemilaminectomy includes removal of the articular processes and trephining a hole in the laminae of adjacent vertebrae.

The lumbar vertebrae of cats are relatively longer than those in dogs and they have been described as radiographically looking like “boxcars.”




Figure 3-5. A typical lumbar vertebra. (Photo by Paul Rumph)

Although the sacrum consists of three fused sacral vertebrae, it is considered as one structure.  Observe that instead of having intervertebral foramina, there are openings for spinal nerves on the dorsal surface and on the ventral surface.  Identify the median sacral crest, sacral foramina (dorsal and pelvic), and promontory.   Identify them on the radiographs.



Figure 3-6. Sacrum(Photo by Paul Rumph)

The sacral promontory is a landmark that may be located during palpation per rectum.  The position of this large eminence is often used for orientation or to find other hard or soft tissue structures.

There are usually about 20 caudal vertebrae in the dog but the number may vary from breed to breed.  The vertebral canal ends at about Cd7 and the caudal vertebrae lose their distinct vertebral features at about this same level.  The first caudal vertebra is sometimes fused to the sacrum.  Study the tail on an intact skeleton.



Figure 3-7. Five caudal vertebrae showing the variations of form within the region. (Photo by Paul Rumph)

Some cats have agenesis of many or all of the caudal vertebrae.  Manx cats even have agenesis of some of the sacrum and neurological problems may occur in these cats.

The dog usually has 13 pairs of ribs.  Be careful when counting ribs because an entire pair may be missing or added. On occasion, supernumerary ribs are present on one side only.  The positions of internal organs are often estimated by their relationship to certain ribs or intercostal spaces.  Additional or missing ribs can throw off your count.
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Figure 3-8. A typical rib. (Photo by Paul Rumph)
On an intact skeleton, study the attachments of the ribs and the manner in which they form part of the boundaries of the thoracic cavity.  The ventral portions of the ribs are not bone but are composed of a hyaline cartilage.  Identify the costochondral junction.  The  costal cartilages of ribs 9‑12 form the costal arch and the last rib is a free or floating rib.  Observe that the first 9 pair of ribs articulate directly with the sternum by costal cartilages.  They are called sternal or true ribs.  The remaining four pair are asternal or false ribs.  A typical rib has a head, neck, and tubercle. 


The sternum consists of 8 unpaired sternebrae or segments joined by cartilage.  The first sternebra is called the manubrium.  The last sternebra is the xiphoid process with an attached caudal xiphoid cartilage. (See Figure 3-1 of this guide.)

The manubrium and the xiphoid process are frequently used palpable landmarks. 		



	Figure 3-9.  Lateral and ventral views of the costal arch. (Drawing by Phil Garrett)


DISSECTION  OF  THE  THORAX

ON  THE  LATERAL  WALL  OF  THE  THORAX,  LOCATE  THE  LATISSIMUS  DORSI MUSCLE AND REFLECT IT DORSALLY.  Notice that segmental vessels and cutaneous nerves pierce the muscle to reach the subcutaneous tissues.  Examine the broad aponeurosis by which the latissimus dorsi muscle originates from the deep thoracolumbar fascia.  CLEAN THE  UNDERLYING  FASCIA  FROM  THE  THORACIC  WALL.  NOTICE  THE  ROW  OF  LATERAL  CUTANEOUS  VESSELS  AND  NERVES.  The lateral branch of the seventh cervical nerve runs dorsocaudally on the surface of the thoracic portion of the serratus ventralis m. It is a motor n. to this muscle and is called the long thoracic n. REFLECT  THE  DEEP  PECTORAL  MUSCLE  TO  THE  VENTRAL  MIDLINE  AND  CLEAN  THE  UNDERLYING  FASCIA.

The broad flat muscle covering the caudoventral surface of the thoracic wall is the external abdominal oblique m. Notice the caudoventral direction of its fibers, its dorsal attachment to the ribs and thoracolumbar fascia, and its ventral aponeurosis attaching to the midline.  It is segmentally innervated by intercostal nerves.  BEGINNING AT ITS CRANIAL END, BLUNTLY UNDERMINE THE  MUSCLE WITH YOUR HAND AND THEN INCISE ITS DORSAL ATTACHMENT TO THE RIBS.  REFLECT  IT  CAUDOVENTRAD  AS  FAR  AS  THE  COSTAL  CARTILAGES.  CLEAN  THE  UNDERLYING  SURFACE  AND  OBSERVE  THE  CRANIOCAUDALLY  DIRECTED  FIBERS  OF THE  RECTUS  ABDOMINUS  M. It arises by an aponeurosis from the deep thoracic fascia and lies just lateral to the midline.  It is deep to the aponeurosis of the external abdominal oblique muscle.



Figure 3-10.  Left lateral view of muscles of the thoracic wall. (Photo by Elizabeth Lantz and Elaine Coleman)


The muscles of inspiration increase the volume of the thoracic cavity.  In addition to the diaphragm, which is the major muscle of inspiration, the following muscles also act as muscles of inspiration by drawing the ribs cranially, and laterally (therby enlarging the thoracic cavity):  (1) the scalenus m. runs from the more cranial ribs to the cervical vertebrae.  SEVER ITS CAUDAL  ATTACHMENT  AND  REFLECT  IT  FORWARD; (2) the rectus thoracis m. lies ventral to the scalenus m.; (3) THE  CAUDAL  PORTION  OF  THE  SERRATUS  VENTRALIS  M.  SHOULD  BE  INCISED  1  CM.  FROM  ITS  VENTRAL  ATTACHMENT  TO  THE  RIBS  AND  REFLECTED  CRANIALLY  TO  THE  LEVEL  OF  THE  FIRST  RIB; (4) the serratus dorsalis cranialis m. can now be seen deep to the serratus ventralis m.  By way of an aponeurosis it originates from the dorsal cervical fascia and inserts on the deep fascia and cranial ribs.  COMPLETELY  CLEAN  THE  OVERLYING  FASCIA  AND  MUSCLE  ATTACHMENT  FROM  THE  NINTH  INTERCOSTAL  SPACE, Observe the caudoventral direction of fibers of the (5) external intercostal muscles.  These muscles must be incised or reflected to surgically enter the thoracic cavity.

The thoracic muscles of expiration decrease the volume of the thoracic cavity by drawing the ribs caudally and medially.  Another major expiratory action occurs when the abdominal muscles compress the viscera and force the diaphragm toward the thoracic cavity.  The following muscles are expiratory muscles:  (1) external abdominal oblique m. and (2) the rectus abdominus m., which have been previously dissected.  These muscles draw the rib cage caudally and also compress the abdominal cavity. 

 CAREFULLY  INCISE  THE  CAUDAL  ATTACHMENT  OF  THE  EXTERNAL  INTERCOSTAL  M.  ALONG  THE  10TH  RIB.  AS YOU REFLECT  THE  MUSCLE  CRANIAD you will observe the underlying cranioventrally directed fibers of the (3) internal intercostal m. (304).  (4) The serratus dorsalis caudalis m. should be identified but don't spend a lot of time on this less important muscle.  Locate the 5th rib.  It is a useful landmark for clinically establishing the location of deeper structures in the thoracic cavity.

CAREFULLY  INCISE  THE  INTERNAL  INTERCOSTAL  MUSCLE  ALONG  THE  CRANIAL  BORDER  OF  THE  10TH  RIB.  CAUTIOUSLY  REFLECT  THE  MUSCLE  CRANIALLY  LEAVING  INTACT  THE  UNDERLYING  TRANSLUCENT  MEMBRANE  WHICH  IS  TERMED  PLEURA.   The so called endothoracic fascia attaches the intercostal m. to the pleura.

THE PURPOSE OF THE FOLLOWING DISSECTION IS TO OPEN THE THORACIC CAVITY BUT LEAVE RIBS 1,5 AND 10-13 IN PLACE FOR SUPPORT AND REFERENCE.  WITH  A  SCALPEL,  CUT  THROUGH  THE  COSTOCHONDRAL  JUNCTIONS  OF  RIBS 9, 8, 7, 6, 4, 3  AND 2.  INCISE  THE  INTERCOSTAL  MM.  BETWEEN  AND  CONNECTING  THE  COSTOCHONDRAL  JUNCTIONS.  INCISE  THROUGH  THE  THORACIC  WALL  IN  THE  FOLLOWING  PLACES:  ALONG  THE  CRANIAL  BORDER  OF  THE  10TH  RIB,  ALONG  THE  CAUDAL  BORDER  OF  THE  5TH  RIB,  ALONG  THE  CRANIAL  BORDER  OF  THE  5TH  RIB  AND  ALONG  THE  CAUDAL  BORDER  OF  THE  FIRST  RIB.  REFLECT  THE  TWO  FLAPS  DORSALLY.  THIS  WILL  REQUIRE  BREAKING  THE  RIBS  DORSALLY.

Figure 3-11.  Left lateral view of the thorax of the dog.  The incised serous membrane illustrates the naming of the pleura.  The enlarged view shows the costodiaphragmatic recess between the basal border of the lung and the line of pleural reflection. (Drawing by Phil Garrett)

The left 4th intercostal space is a common site for surgically entering the thoracic cavity.  It affords good access to many structures of surgical interest.

Notice the intercostal vessels and nerves  in the endothoracic fascia along the caudomedial borders of the ribs.  Observe the thin transversus thoracis m. covering the inside of the ventral aspect of the thoracic cavity.

Identify the cranial lobe (cranial part and caudal part) and caudal lobe of the left lung. Identify the cardiac notch.  With a probe pierce the lung tissue and examine the translucent pulmonary pleura (visceral) which covers the lung.  Reflect the lung dorsally and observe the hilus  which is the region on the medial surface of the lung where the arteries, veins, nerves and bronchi enter or leave the lung.  Whole lungs, lobes or parts of lobes can be surgically removed and require transection of the air passages, arteries and veins.  


In some species, when the forelimb is in place, the long head of the triceps brachii m. and scapula make it difficult to ascultate the middle and cranial lobes.  The limbs are mobile enough in most dogs and cats to permit almost unrestricted stethoscope placement over the heart and much of the lungs.

	Figure 3-12.  Branching pattern of bronchi into lung lobes. (Drawing by Phil Garrett)

Note the glistening membrane that is situated along the midline.  Through this membrane, called mediastinal pleura, the heart, trachea, esophagus and large vessels may be seen.  These and other structures occupy a potential space between right and left mediastinal pleurae called the mediastinum.  Observe the pulmonary ligament by lifting the caudal lobe of the lung.  The ligament is the structure that is created where the pulmonary pleura of the medial surface is reflected as a fold onto the midline where it is continuous with the mediastinal pleura.  Using hands, retract the dorsal margin of the lung ventrad to expose the hilus.  

With your hand, reflect the lungs dorsally and identify the pulmonary veins, pulmonary trunk, pulmonary artery, principal bronchus and lobar bronchi. USING EXTREME CARE AND STAYING CLOSE TO THE LUNG HILUS, SEVER  THE  PULMONARY  VEINS  WHICH  CONTAIN  RED  LATEX.  ALSO SEVER THE  PRINCIPAL BRONCHUS  AND  THE  BRANCHES  OF  THE  PULMONARY  ARTERY which are usually filled with clotted blood.  EXTRACT  THE  LEFT  LUNG, place it on the dissecting table, and examine its medial surface.  Fresh lungs may also be available for comparison.  Palpate the fresh lungs and fix in your mind how they feel.  Observe how the mediastinal pleura continues dorsally and ventrally onto the costal wall where it is then called costal pleura.
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Figure 3-13.  Left lateral view of opened thoracic cavity showing mediastinal and diaphragmatic pleurae and position of heart and other organs. (Photo by Elizabeth Lantz and Elaine Coleman)

Caudally, the mediastinal pleura reaches the diaphragm.  There it continues laterally onto the surface of the diaphragm where it is then called diaphragmatic pleura.  Follow the diaphragmatic pleura across the diaphragm and note that it eventually reflects onto the costal wall.  As you know, it is then called costal pleura.  Mediastinal pleura, costal pleura and diaphragmatic pleura are subdivisions of parietal pleura (pleura of the walls).  Note that the cranial portion of the pleural sac extends cranially beyond the thoracic inlet forming a pocket known as the pleural cupula.


Using Figure 3-5, consider the positions of organs within the thoracic cavity and the empty pleural cavity.  Identify BUT DO NOT DISSECT the longus colli muscle, esophagus, aorta, pulmonary trunk, brachiocephalic trunk and the left subclavian artery.  Notice the heart generally is positioned from the third to the sixth ribs.  The line of pleural reflection (where diaphragmatic pleura becomes costal pleura) represents the most caudal extent of the pleural cavity.  This line runs from the eighth costochondral junction, caudodorsally, to the dorsal end of the last rib.  Thoracentesis must be performed cranial to this line.

GENTLY DISSECT IN THE GROOVE VENTRAL TO THE LONGUS COLLI MUSCLE AND locate the thoracic duct. Trace it cranially to where it passes under the first rib.  It enters the left jugular v. cranial to the first rib.  Bluntly trace it caudally a short distance.  Read about its function.
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Figure 3-14.  General route of lymph through ducts and notes.  Lymph nodes in solid lines and superficial and the others are deeply situated.  The thoracic duct empties into a major vein near the thoracic inlet. (Drawing by Phil Garrett)

Rupture of the thoracic duct results in chylothorax.  This extra fluid in the pleural space may affect the ability of a lung to expand during inspiration.


PLACE  THE  DOG  IN  LEFT  LATERAL  RECUMBENCY,  AND RAPIDLY EXPOSE  THE  RIGHT  LUNG.  THIS  REQUIRES  REFLECTION  OF  SKIN,  REMOVAL  OF  THE  RIGHT  FORELIMB  AND  RIB  FLAPS  AS  WAS  DONE  ON  THE  LEFT  SIDE.
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Figure 3-15. Right lateral view of opened thoracic cavity showing lung lobes covered by pulmonary (visceral) pleura, costal pleura and diaphragm. The 5th rib has been left in place for orientation and location of viscera. (Photo by Elizabeth Lantz and Elaine Coleman)

 Notice the cranial, middle, and caudal lobes of the right lung and the shallow cardiac notch.  The cardiac notch has been used as a site to insert a needle directly into the heart without injuring lung tissue.  Locate the notch in relation to intercostal spaces.  Lift the caudal lobe and observe the accessory lobe which is the fourth lobe of the right lung.  The thoracic duct can again be found dorsal to the aorta between right and left intercostal vessels or situated in the groove between the azygos v. and the aorta.  Follow the thoracic duct as far caudally as the diaphragm.

CAREFULLY  REFLECT  THE  LUNG  DORSAD,  AND  SEVER  THE  PULMONARY  ARTERIES,  VEINS,  AND  BRONCHI.  BE  CAREFUL  NOT  TO  SEVER  THE  AZYGOS  VEIN.  Notice that the accessory lobe hooks around the caudal vena cava and partially lies behind a thin fold of pleura below the caudal vena cava [the plica venae cavae.  UNHOOK  THE  ACCESSORY  LOBE  FROM  AROUND  THE  CAUDAL  VENA  CAVA  AND  REMOVE  THE  LUNG.  Place the lung on the table and compare the right and left lungs (both fresh and embalmed).  Observe that the right is larger and that the accessory lobe occupies part of left side of the thoracic cavity (but not the left pleural cavity).  Bluntly pry into the mediastinal pleura near the end of the trachea to locate the tracheobronchial lymph nodes.  In young dogs, the thymus may be seen in the cranial mediastinum.  The size of the thymus decreases with age.




Figure 3-16.  Right lateral view of contents of thoracic cavity.  Some pleura has been disturbed to show major nerves, great veins, arteries, trachea and esophagus. (Photo by Elizabeth Lantz and Elaine Coleman) 

Observe the phrenic nerve which traverses the right lateral surface of the heart to innervate the diaphragm.  Caudal to the heart, it lies in the plica venae cavae.  Trace the nerve cranially from the diaphragm to the ventral branches of cervical nerves C5‑7. 

 RETURN  THE  DOG  TO  RIGHT  LATERAL  RECUMBENCY and locate the left phrenic nerve as it travels in the mediastinum to the diaphragm.  



	Figure 3-17.  Left view of deep nerves of the thorax. (Drawing by Phil Garrett)

CAREFULLY DETACH THE SCALENUS M. FROM THE FIRST RIB and locate the  common carotid artery.  Observe the large nerve which is adhered to the left common carotid a. as it courses through the neck.  This nerve, the vagosympathetic trunk is actually two nerves in a common sheath.  One component is the vagus n. which arises from the brain and passes caudally through the thoracic inlet conducting parasympathetic impulses to the thoracic and abdominal viscera.  The other component, part of the sympathetic nervous system, will be studied later.


Figure 3-18.  Right lateral view of organs, vessels and nerves of the thoracic cavity.  Pleura has been disturbed to reveal major structures.  The interior of the right ventricle has been opened. (Photo by Elizabeth Lantz and Elaine Coleman)

 Locate the axillary artery which is the distal continuation of the subclavian artery.  The name change occurs at the plane of the first rib.   TRACE the left subclavian a. proximad to its origin from the aorta. 

CAREFULLY AND BLUNTLY ISOLATE the small nerve loop that encircles the subclavian artery.  Extending caudally from the ventral end of the loop is the continuation of the left vagus n. BLUNTLY CLEAN ITS CONNECTIVE TISSUE COVERINGS  AND  REFLECT  IT  DORSAD.  Notice its cardiac branches entering the heart.  Find the arch of the aorta.  Just behind it, the left vagus nerve gives rise to a branch called the left recurrent laryngeal n. It continues around the aortic arch and then travels cranially along the trachea to reach the larynx. DO NOT ATTEMPT TO TRACE THIS NERVE AT THIS TIME.   These nerves should be carefully avoided in cardiac surgery.

 Pick up the vagosympathetic trunk just cranial to the thoracic inlet and trace it caudally.  Note the small swelling in the area of the subclavian a.  This swelling is the middle cervical ganglion.  It is not part of the vagus nerve but merely adhered to it.  The middle cervical ganglion serves as a landmark to identify the caudal extent of the vagosympathetic trunk.  Caudal to this ganglion, the sympathetic and parasympathetic divisions of the autonomic nervous system separate.  

Pick up the vagus nerve caudal to the ganglion and trace its course beyond the base of the heart.  Observe its division into dorsal and ventral branches.  These branches join their counterparts from the right side to form the dorsal and ventral vagal trunks.  These trunks course caudally along the esophagus and enter the abdominal cavity.  In the abdominal cavity the vagal trunks ramify to innervate most of the abdominal viscera.  Review the location of the left recurrent laryngeal n. as it passes medially to hook around the arch of the aorta and ascends on the lateral surface of the trachea to the larynx.

Relocate the middle cervical ganglion.  Nerve processes extending cranially from this ganglion are the sympathetic component of the vagosympathetic trunk.  Locate the two small nerves which arise from the middle cervical ganglion and extend dorsally forming the loop (ansa subclavia) around the subclavian a.  They join the large cervicothoracic ganglion.  Find the vertebral nerve which leaves the cranial end of the cervicothoracic ganglion to conduct sympathetic impulses to the neck.  From the caudal surface of the cervicothoracic ganglion, the sympathetic trunk passes caudally along the dorsal wall of the thorax and abdomen.  Notice that small communicating branches (rami communicantes) join the sympathetic trunk from each intervertebral foramen.  At the junction of each ramus communicans with the sympathetic trunk, there is a small sympathetic trunk ganglion.  Observe the sympathetic trunk in the thoracic cavity.

Note that the phrenic nerve is not an autonomic nerve.  The diaphragm is not composed of smooth muscle so you should not have expected an autonomic innervation.  Dysautonomia would not affect the diaphragm.

PLACE  THE  DOG  IN  LEFT  LATERAL  RECUMBENCY.  Locate the sympathetic trunk running lateral to the azygos vein.  Notice the rami communicantes and sympathetic trunk ganglia.  Find the cervicothoracic ganglion, ansa subclavia, and vertebral nerve.  Now trace the right vagus n. caudally.  Observe its division into dorsal and ventral branches and the joining of these with their counterparts from the left side.  Locate the right recurrent laryngeal nerve as it branches from the vagus and passes into the neck.

RETURN  THE  DOG  TO  RIGHT  LATERAL  RECUMBENCY.  Locate the axillary artery.  Remember, it is the distal continuation of the subclavian artery.

The branches of the left subclavian artery will now be considered. BE CAREFUL NOT TO DESTROY THE NERVES SITUATED AROUND THESE VESSELS. USE BLUNT DISSECTION ONLY! Observe the cranially extending stump of the superficial cervical artery which has already been dissected.  The costocervical artery courses dorsad to supply the dorsal musculature of the neck and upper trunk including the first 3 or 4 intercostal spaces.  

The internal thoracic a. passes ventrad to reach the floor of the thoracic cavity and then caudad beneath the transversus thoracis m. Surgical incisions extending too far ventrally in an intercostal space may inadvertently cut the internal thoracic artery.  The resulting hemorrhage is troublesome and time consuming.  As the internal thoracic a. passes along the thoracic floor, it gives rise to branches at each intercostal space.  These anastomose with the dorsal intercostal vessels.  The remaining branch of the subclavian artery is the vertebral artery.  It passes dorsocraniad and is accompanied by its satellite v. They enter the transverse foramina of the cervical vertebrae.  The artery supplies the dorsal and lateral deep neck region, including the cervical spinal cord.  It is also a major blood supply to the brain.  Its course up the neck will not be dissected at this time.

PLACE  THE  DOG  IN  LEFT  LATERAL  RECUMBENCY.  Locate the right axillary artery and trace it to the subclavian artery, CAREFULLY  CLEAN  THE  FASCIA,  PRESERVING  THE ANSA SUBCLAVIA.  Identify the internal thoracic, superficial cervical, costocervical, and vertebral branches of the subclavian artery.  Ventral to the subclavian artery, locate and carefully clean the right vagus nerve.  Notice that it sends branches toward the heart and gives off a prominent branch (recurrent laryngeal n.) which hooks over the subclavian artery and passes forward to innervate the larynx.  CAREFULLY  CLEAN  THE  SUBCLAVIAN  ARTERY  AND  TRACE  IT  CAUDALLY  TO  THE  BRACHIOCEPHALIC  TRUNK and observe the right and left common carotid arteries emerging from its cranial surface.  The right and left common carotid arteries are the major vessels that supply the head and will be studied later.

Locate the cranial vena cava.  The vein draining into its dorsal surface is the common trunk of the right costocervical and vertebral veins.  The vein draining into its ventral surface is the common trunk of the right and left internal thoracic veins.  Depress the cranial vena cava and observe its bifurcation into the right and left brachiocephalic veins. Each brachiocephalic vein is formed by the joining of the subclavian and external jugular veins.  The large vein draining into the dorsal surface of the external jugular v. is the superficial cervical v.  Recall that the cephalic v. also drains into the external jugular v. 

 RETURN  THE  DOG  TO  RIGHT  LATERAL  RECUMBENCY.  On the left side of the caudal cervical region identify the counterpart veins to those described on the right side.

Examine the tissue ventral to the brachiocephalic veins for evidence of the thymus gland.  Dorsal to the external jugular v. identify the left common carotid artery, and the left recurrent laryngeal n. adjacent to the trachea.  Dorsolateral to the trachea identify the esophagus.  INCISE THE ESOPHAGUS FOR 3 INCHES ALONG ITS LENGTH. Examine its layers.  Carefully trace it caudally to the diaphragm.  Pay careful attention to its course through the thorax.
CLEAN  THE  FASCIA  FROM  THE  ARCH  OF  THE  AORTA and review its anatomy.  Beyond the coronary arteries, the next branch of the aorta is the brachiocephalic trunk.  The second is the left subclavian a.  Observe that the intercostal aa. caudal to the 4th pair emerge from the dorsal surface of the aorta.  Observe the origin of the intercostal aa.  Branches of the 5th intercostal pass ventrally to supply the lungs and esophagus.  Locate the brachiocephalic a. and trace it cranially.  Review its termination into common carotids and right subclavian a.  The muscle tissue attaching to the ventral surface of the bodies of the first several thoracic and cervical vertebrae is the longus colli m.

Dorsal to the cranial vena cava, locate the trachea.  Trace it caudally to its division into the right and left principal bronchi.  The sternal and cranial mediastinal lymph nodes may not be readily apparent.  

WITH THE DOG IN RIGHT LATERAL RECUMBENCY,  FREE  THE  PHRENIC  N.  AND  REFLECT  IT  DORSAD.  MAKE  A  DORSOVENTRAL  INCISION  IN  THE  MEMBRANOUS  COVERING  OF  THE  HEART.  Notice the smooth glistening surfaces on the outer and inner side of the cut membrane and on the surface of the heart.  The cut membrane is actually formed by three layers adhered together.  From outward in, the layers of this membrane are:  (1) mediastinal pleura, (2) fibrous pericardium, and (3) serous pericardium (parietal layer).  These are separated by the pericardial cavity  from the visceral layer of the serous pericardium. The later is adhered to the muscle of the heart.  The surgeon generally refers to the first three layers as "the pericardium" and to the visceral layer of the serous pericardium as the "epicardium".  MAKE  A  LONGITUDINAL  INCISION  IN  "THE  PERICARDIUM"  AND  REFLECT  THIS  STRUCTURE  DORSAD  AND  VENTRAD.  Probe the dorsal extent of the open pericardial cavity and notice the continuity of visceral and parietal layers at the level of the great vessels.  

Figure 3-19.  Dotted lines showing the dorsoventral and longitudinal incisions in the pericardium. (Drawing by Phil Garrett)

Excess fluid build up in the pericardial space will muffle the sound of the heart on auscultation and is called cardiac tamponade.  This also interferes with heart action.

At the level of the pulmonary trunk, BLUNTLY  AND  CAUTIOUSLY  EXPLORE THE LOOSE CONNECTIVE TISSUE BETWEEN  THE  PULMONARY  TRUNK  AND  THE  AORTA.  HERE YOU WILL FIND A THICKENING OF THE CONNECTIVE TISSUE. READ THE NEXT SENTENCE.  The thickening is the ligamentum arteriosum which was (in the fetus) a patent connection (ductus arteriosus) between these two great vessels.  A "machinery like" murmer is a sign of persistent ductus arteriosus.  CLEAN  THE  PULMONARY  TRUNK  AS  FAR  AS  THE  LEFT  PULMONARY  ARTERY.  
Use Figure 3-5 to study the orientation of the heart.  Observe that the vertical axis of the heart is tilted.  The heart has also rotated counterclockwise on this axis so that much of the right ventricle is situated cranial to the left ventricle. The atria are a little more oriented left and right.  Notice also the positions of the base and the apex.  The apex is situated to the left of the midline.  Identify the right and left auricles. 

The heart is  so  important to all of the body systems, it should be studied completely.  At home read about the HEART in your anatomy text.

BLUNTLY  DISSECT  THE  LEFT  CORONARY  ARTERY which lies caudal to the pulmonary trunk and deep to the left auricle.  It arises from the base of the aorta and immediately divides into branches which supply the left atrium and left ventricle.  The circumflex branch passes around the heart in the coronary groove while the paraconal interventricular br. extends downward in the cranioventral paraconal interventricular groove.  Notice the great coronary vein is also located in the coronary groove.  BLUNTLY  PULL  THE  HEART  FROM  THE  PERICARDIAL  SAC.  Follow the caudal end of the circumflex branch to where it terminates as the subsinuosal interventricular br. which lies in the subsinuosal interventricular groove.  Study how the heart is positionally relative to the ribs and where it is closest to the body wall.

RETURN  THE  CADAVER  TO  LEFT  LATERAL  RECUMBENCY and examine the contents of the thoracic cavity as viewed from the right side.  Identify the phrenic nerve.  Trace it from its origin to where it enters the diaphragm. REFLECT  IT  DORSALLY.  INCISE THE PERICARDIAL SAC AS SHOWN  BELOW  AND  BRING  THE  HEART  TO  THE  SURFACE.  The exposed portions of the heart consist of the right ventricle and the right atrium separated by the fat filled coronary groove .  


	Figure 3-20.  Dotted lines showing incisions in the pericardium. (Drawing by Phil Garrett) 

Four large veins enter the right atrium.  They are the caudal vena cava caudally, azygos vein dorsally, the cranial vena cava cranially and the great coronary vein.  The cranial extent of the right atrium is a blind pouch termed the right auricle.  Reflect the right auricle caudad exposing the underlying aorta.  

Locate the right coronary artery which emerges from the ventral aspect of the aorta, (it is buried in fat).  DISSECT  IT  FOR  1  CM.  OF  ITS  LENGTH.  The right coronary artery is smaller than the left and supplies only the right ventricular and atrial walls.  

Notice the pulmonary veins (containing blood or red latex) passing dorsal to the right atrium between the caudal vena cava and the azygos v.  These enter the left atrium.  Also notice the right pulmonary artery which lies dorsally.  By palpation, test the thickness of the walls of the right atrium and right ventricle.



Figure 3-21.  Right lateral view of heart. (Photo by Elizabeth Lantz and Elaine Coleman)

MAKE  AN  INCISION  THROUGH  THE  RIGHT  ATRIAL  WALL  EXTENDING  FROM  THE  CRANIAL  TO  THE  CAUDAL  VENA  CAVA.  EXCISE  ENOUGH  OF  THE  ATRIAL  WALL  TO  EXPOSE  THE  INTERNAL  FEATURES  OF  THE  ATRIUM.  FLUSH  THESE  CHAMBERS.



Figure 3-22.  Dotted lines showing location of incisions in the right atrium and right ventricle. (Drawing by Phil Garrett)
The right atrium is divided into two parts:  the sinus venarum cavarum is the compartment which receives the major veins, and a cranially extending blind pouch, the right auricle.  Notice the roughened character of the inner surface of the right auricle produced by muscular ridges called pectinate muscles.  The sinus venarum generally has five openings:  (1) caudally the caudal vena cava which drains blood from the caudal half of the body; (2) ventral to the caudal vena cava is the coronary sinus which is the opening of the great coronary vein that drains blood from the heart itself; (3) cranially ‑ the cranial vena cava which drains blood from the head, neck, and pectoral limbs; (4) dorsal to the cranial vena cava the azygos vein, which drains the walls of the thorax (the azygos may terminate in the cranial vena cava rather than the atrium); (5) blood entering the atrium through these veins exits into the right ventricle via the right atrioventricular opening.  

The intervenous tubercle of the right atrium is a dorsoventrally directed muscular ridge which lies on the medial surface of the sinus venarum cavarum.  It is approximately midway between the two caval openings.  Just caudal to the intervenous tubercle, a shallow depression marks the location of the fossa ovalis.  In the fetus there was an opening at the site of the fossa, the foramen ovale (fetal) which allowed blood to pass from the right to the left atrium.  Observe the interatrial septum between the two atria.



Figure 3-23.  Left lateral view of the heart. (Photo by Elizabeth Lantz and Elaine Coleman)
INCISE  THE  LATERAL  WALL  OF  THE  RIGHT  VENTRICLE  FROM  THE  CONUS ARTERIOSUS TO  THE  APEX AS SHOWN IN FIG. 3-14.  ENLARGE  THE  INCISION  SUFFICIENT  TO  EXAMINE  THE  INTERIOR  OF  THE  VENTRICLE.   Observe the right atrioventricular opening.  In dogs, it is guarded by two large and one small cusps (the tricuspid valve in man has 3 large cusps).  The cusps are connected by fibrous strands chordae tendineae to projecting papillary muscles in the ventricle.  The distinct muscular ridges of the ventricular wall are called trabeculae carneae.  Occasional bands may be seen which run from the interventricular septum to the outer ventricular wall, and carry impulse conduction fibers.  Each band is called a trabecula septomarginalis.  Observe the three semilunar cusps of the pulmonary valve.  The funnel shaped region of the right ventricle below the pulmonary valve is the conus arteriosus.

The movement of heart valve cusps can be seen by ultrasonography.

RETURN  THE  DOG  TO  RIGHT  LATERAL  RECUMBENCY.  INCISE  THE  DORSAL  MARGIN  OF  ONE  RIGHT  PULMONARY  VEIN  AND  EXTEND  THE  INCISION  THROUGH  THE  DORSAL  WALL  OF  THE  LEFT  ATRIUM AS SHOWN IN FIG. 3-16.  Probe the openings of the right and left pulmonary veins and the opening into the left auricle.  Examine the left auricle.

[image: C:\Users\Paul\Documents\Paul docs\Anatomy CVM\Guide scans\scan037b.png]
Figure 3-24.  Dotted lines show the location of incisions in the left atrial and ventricular walls.  Note the continuation of the incision in the right ventricle into the conus arteriosus and pulmonary trunk. (Drawing by Phil Garrett)

CLEAN  THE  FASCIA  FROM  AND  IDENTIFY  THE  ASCENDING  AORTA,  AORTIC  ARCH,  AND  DESCENDING  AORTA.  BEGINNING  AT  THE  AORTIC  ARCH,  MAKE  A  DORSOVENTRAL  INCISION  THROUGH  THE  ASCENDING  AORTIC  WALL  AND  BY  WORKING  BEHIND  THE  PULMONARY  TRUNK,  CONTINUE  THE  INCISION  THROUGH  AORTIC  VALVE  AND  LEFT  VENTRICLE  TO  THE  APEX.  REFLECT  THE LEFT VENTRICULAR  WALL.

Note the strikingly greater thickness of the left ventricular walls.  Observe the three semilunar cusps of the aortic valve.  Notice the openings of the right and left coronary arteries  which open above and behind their respective valve cusps.  Observe the cusps of the left atrioventricular valve.  Examine the chordae tendineae, and trabecula septomarginalis of the left ventricle. 

Observe the relative positions of the right and left atrioventricular, the aortic and the pulmonary valves, with respect to one another and to the costal landmarks.  The areas of puncta maxima are the points where the various valve sounds may best be auscultated.  They are:  (1) right A V ‑ right 4th intercostal space at the costochondral junction (2) pulmonic valve ‑ left third intercostal space at the costochondral junction (3) left A V ‑ left 5th intercostal space at the costochondral junction (4) aortic valve ‑ left 4th intercostal space at the level of the point of the shoulder.
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