CASE STUDIES taken from Clinically Oriented Anatomy, 4th Ed.  Moore, K.L, and Dalley, A.F.

THORACIC CAVITY -  ATMY 821

1.1

A young man was stabbed in the 3rd left intercostal space just lateral to the sternum.  The veins of his face and neck were engorged.

1. What vital structures may have been injured?

the pericardial sac and right ventricle of the heart

2. What probably caused the engorgement of his cervical and facial veins?

Blood leaks of the stab wound into the pericardial cavity producing hemopericardium and cardiac tamponade.  As blood accumulates in the pericardial sac it becomes more difficult for the heart to expand and fill with blood following each contraction – circulation is impaired.  Veins of the face become engorged because of the compression of and backup of blood in the SVC, which impedes return of blood from the head and neck.

3. What emergency clinical procedure would likely be performed before he was taken to the operating room?

Pericardiocentesis – performed to remove blood from the pericardial cavity and relieve the cardiac tamponade, allowing the heart to expand more fully.  A wide-bore needle was probably inserted through the left 5th or 6th intercostal space to the left of the sternum to aspirate the blood.

1.2

During the physical exam of a 12-year old girl, a physician was unable to detect a heartbeat, though her radial pulse was normal.  After considerable thought, the physician was able to detect a normal heartbeat.

1. Where would the physician normally attempt to listen to the apex beat of the heart?

in the 5th left intercoastal space medial to the interclavicular line (inferomedial to the nipple) 

2. What congenital anomaly of the heart could account for failure to detect a heartbeat on the left side of the chest?

Dextrocardia, a congenital anomaly in heart position would account for a failure to detect a heartbeat on the left side.

3. Where else would you attempt to detect a heartbeat?

The strongest heartbeat in a person with this abnormality would be heard in the 5th right intercostal space to the right of the inferior end of the sternum.

1.3

A 42-year-old heavy smoker consulted her physician about an alteration in her voice, severe weight loss, a persistent cough, and blood-stained sputum.  A distorted tracheal carina was observed during bronchoscopy.  Radiographs of her chest and subsequent biopsy revealed a bronchogenic carcinoma in the superior lobe of her left lung.

1. In view of the signs and symptoms, where did cancer cells from the tumor metastasize?

The bronchogenic carcinoma (CA – cancer arising in the mucosa of the bronchi) had metastasized to the left bronchomediastinal lymph nodes.

2. What superficial nodes would also be likely to be enlarged and palpable?

The supraclavicular lymph nodes are usually enlarged also and become palpable with CA of the bronchus.  Because of this, these lymph nodes are called sentinel nodes.

3. What would likely be the cause of the alteration in her voice?

Enlargement of the bronchomediastinal nodes can exert pressure on the left recurrent laryngeal nerve.  In this case, the nerve compression caused paralysis of her left vocal fold which resulted in a voice alteration.

4. What caused distortion of the carina of the trachea?

Enlargement of the tracheobronchial lymph nodes in the angle between the main bronchi.

1.5

A 45-year-old woman playing tennis suddenly fell, complaining of a severe pain in her chest and down her left arm.  Her playing partner rushed her to the hospital.

1. What likely caused the pain in the woman’s chest and arm?

Sudden occlusion of a coronary artery – strenuous exercise increased her heart’s activity and need of oxygen; insufficient blood supply to the heart (myocardial ischemiaI) resulted in an MI.

2. Why did the woman feel pain along the medial side of the left arm?

Visceral pain from the heart is transmitted by visceral afferent fibers that accompany sympathetic fibers and is typically referred to somatic structures such as the left upper limb.

3. Is visceral pain from the chest usually referred to the left arm?

Yes, but may also be referred to the right arm, both arms, neck and chin, or the back.

1.8

While arguing with a client, a 48-year-old business woman experienced a sudden, crushing substernal pain in her chest that radiated along the medial aspect of her left arm.  She sat on the couch and attempted to relieve the pain by squirming, stretching, and belching.  She was pale, perspiring, and writhing in pain.  In route to the hospital she was administered oxygen.  She was admitted to the ICU and placed under observation with ECG monitoring for detection of potential fatal arrhythmias.  Her blood pressure was low (a sign of shock).

The patient had had previous attacks of substernal discomfort during stress that she was reluctant to describe as pain.  She said the discomfort always passed when she rested.  She described her present chest pain as the worst pain she had ever felt and clenched her fist to demonstrate the viselike nature.  An occasional arrhythmia was detected on ascultation and the ECG was abnormal.

DIAGNOSIS – Acute myocardial infarction (MI) caused by coronary atherosclerosis that resulted in ischemia of the myocardium.

1. Define acute MI and coronary atherosclerosis.

Acute MI is a disease of the myocardium, characterized by necrosis of the ventricular muscle that results from sudden occlusion of a part of the coronary circulation.  Blockage of a coronary artery results in dysfunction of the heart as a pump.  If a large branch of a coronary artery is involved, the infarcted area may be so extensive that cardiac function is severely disrupted and death occurs.  MI may also result from excessive exertion by a person with stenotic coronary arteries.  

An atheroma (or atheromatous plaque) is a lipid deposit that produces a swelling on the endothelial surface of the blood vessel.  Ulceration of the atheroma results in the release of atheromatous debris that is carried along the coronary artery until it reaches the stenotic part.  Because it blocks the vessel, no blood can pass to the myocardium, and MI occurs unless a good collateral circulation has developed previously.

Anastomoses exist between the terminations of the right and left coronary arteries in the coronary groove and between the interventricular branches around the apex in approximately 10% of apparently normal hearts.  The potential for the development of this collateral circulation exists in most hearts.  In slow occlusion of a coronary arter, the collateral circulation has time to increase so that adequate perfusion of the myocardium can occur when a potentially ischemic event occurs (an infarction may not happen).  On sudden blockage of a large coronary branch, some infarction is probably inevitable, but the extent of the area damaged depends on the degree of development of collateral anastomotic channels.

If large branches of both coronary arteries are partially obstructed, an extracardiac collateral circulation may be utilized to supply blood to the heart.  The collaterals connect the coronary arteries with the vasa vasorum in the tunica adventitia of the aorta and pulmonary arteries and with branches of the internal thoracic, bronchial, and phrenic arteries.  Reversal of flow in the anterior venae cordis minimae may bring luminal blood to the capillary beds of the myocardium in some regions, providing some additional collateral circulation.  However, unless these collaterals have dilated in response to pre-existing ischemic heart disease, they are unlikely to be able to supply sufficient blood to the heart during an acute event and prevent MI.
2. Explain the anatomical basis of the referred pain from the patient’s heart to the left side of her chest, shoulder, and medial aspect of her arm.

Afferent fibers from the heart run centrally through the middle and inferior cervical branches and upper thoracic branches of the sympathetic trunks of the neck and thorax.  Central processes of primary sensory neurons enter spinal cord segments T1 through T4 or T5 on the left side.  Pain of cardiac origin is often referred to the left side of the chest and along the medial aspect of the arm and upper forearm.  These are the areas of the body that send sensory impulses to the same spinal ganglia and segments of the spinal cord that receive cardiac sensation.  Visceral referred pain is the perception of visceral pain as occuring in remote cutaneous areas.

1.9

A 58-year-old man who had live in an industrial area all his life consulted his physician because he was coughing up blood (hemoptysis) and was experiencing shortness of breath during exertion.  He had been a heavy cigarette smoker for more than 40 years and had had a “smoker’s cough” for several years.  He stated that his shortness of breath and cough had been getting worse for the last few months.  He first noticed that his sputum was blood-streaked approximately 3 weeks earlier and stated that he had experienced chest pain (angina) on the left side at that time.  

PHYSICAL EXAM – His left medial supraclavicular lymph nodes were slightly enlarged and more firm than usual.  His breath sounds and resonance on the left side were more diminished than the right side.

RADIOLOGY REPORT – There is obscuration (indistinctness) of the hilum of the left lung by a mass.  Normal left mediastinal contours superior to the hilum can’t be recognized, and there is slight radiolucency of the remainder of the left lung.  The mediastinum is shifted slightly to the left.  These changes are most likely caused by a malignant tumor in the left superior lobe bronchus with matastases in the left hilar lymph nodes.

ENDOSCOPY – On examination of the main bronchi, the otolaryngologist observed a growth that was partly ostructing the origin of the left superior lobe bronchus.  He obtained a biopsy of the tumor and also biopsied the supraclavicular nodes. 

MEDIASTINOSCOPY – Examination of the mediastinum with a mediastinoscope inserted through a suprasternal incision under anesthesia revealed enlarged tracheobronchial lymph nodes which were biopsied.

PATHOLOGY REPORT – Bronchogenic carcinoma was detected in the bronchial biopsy.  The supraclavicular lymph nodes did not show definite tumor involvement, but the mediastinal lymph nodes showed many malignant (cancerous) cells.

DIAGNOSIS – Bronchogenic carcinoma with metastases to mediastinal lymph nodes.

1. Using your knowledge of the anatomical relations of the bronchi and lungs, state which structures are likely to be involved by direct extension of a malignant tumor of the bronchus.

Involvement of a phrenic nerve may result in paralysis of half of the diaphragm.  Direct infiltration of the pleurae produces pleural effusion into the pleural cavity.  This pleural exudate may be bloody (sanguineous) and may contain exfoliated malignant cells.  The recurrent laryngeal nerves may be involved in cancer in this region of a lung and you may see hoarseness because of paralysis of the vocal folds.  

2. Where would you expect tumor cells to metastasize via the lymph and blood?

A tumor of the apex of the lung that invades locally may involve the superior thoracic spinal nerves, the thoracic sympathetic chain, and the cervicothoracic (stellate) ganglion, resulting in the Horner syndrome.  In this case the patient may have pain in the shoulder and axilla.  Lymphogenous dissemination of the cancer cells can involve the hilar and mediastinal lymph nodes.  The lymphatic vessels of the lungs originate in superficial and deep plexuses accompanying small blood vessels.  Lymph then drains into bronchopulmonary lymph nodes in the hilum.  Enlargement of metastatic tumors may compress the bronchi, interfering with ventilation of the lung.  The bronchopulmonary lymph nodes drain into inferior and superior groups of tracheobronchial nodes that lie in the angles between the trachea and bronchi.

Splaying and fixation of the carina may be associated with bronchogenic carcinoma when it has metastisized to the carinal nodes.  As lymph from vessels in the costal parietal pleura reaches the parasternal lymph nodes via intercostal lymphatic vessels, lymphogenous spread of the bronchogenic carcinoma may also involve these nodes.  

3. What is unusual about the lymph drainage of the inferior lobe of the left lung?

Lymph from the entire right lung drains into tracheobronchial nodes on the right side, but some lymph from the inferior lobe of the left lung also drains into nodes on the right side.  Thus, tumor cells in tracheobronchial lymph nodes on the right side may spread by lymphogenous dissemination from the inferior lobe of the left lung.

4. Explain the probable anatomical basis for metastasis of cancer cells from a bronchogenic carcinoma to the brain.

The right and left bronchomediastinal trunks drain lymph from the thoracic viscera and lymph nodes.  The right bronchomediastinal trunk may join the right lymphatic duct, and the left trunk may join the thoracic duct, but more commonly they open independently into the junction of the internal jugular and subclavian veins of their own sides.  Lymph from the lungs and pleurae containing tumor cells enters the venous system and heart.  After passing through the pulmonary circulation, the blood returns to the heart for distribution to the body.

Lymph passes cranially from the thoracic and abdominal viscera via the bronchomediasinal trunks and the thoracic duct to reach the venous system.  Backflow of the lymph from the thoracic duct can pass into the deep supraclaviular nodes, posterior to the sternocleidomastoid muscles. This is probably the reason that involvement of the nodes on the left side is most common.  The brain is a common site for hematogenous spread of bronchogenic carcinoma because the tumor cells can enter the blood through the wall of a capillary or venule in the lung and are transported to the brain via the internal carotid artery and vertebral artery systems.  In the cranium the tumor cells pass between the endothelial cells of the capillaries and enter the brain.

It has been suggested that constant coughing and enlarged mediastinal lymph nodes compress the superior and inferior venae cavae, hampering venous return and causing the blood draining the bronchi to reverse its flow and pass through the bronchial veins into the azygous venous system.  From here, blood and tumor cells could pass to the extradural or epidural external vertebral venous plexuses around the spinal dura mater.  As this plexus communicates wth the cranial dural venous sinuses, tumor cells can be transported to the brain.  Tumor cells may also be passed to the veins of the vertebral column.

1.10

During a violent argument with his wife, a 44-year-old inebriated man was stabbed with a paring knife, the blade of which was 9 cm long.  The knife penetrated the 4th intercostal space along the left sternal border.  By the time he was taken to the hospital emergency, the patient was semiconscious, in shock, and gasping for breath.  He became unconscious and died; an autopsy was performed.

AUTOPSY REPORT – Death was caused by excessive loss of blood and cardiac tamponade resulting from a stab wound.

1. Using your knowledge of the surface anatomy of the thorax, what organ(s) would you expect to be punctured by the knife?

The knife entered the 4th intercostal space at the left sternal border and didn’t penetrate the left lung because of the cardiac notch.  The knife probably nicked the parietal layer of pleura of the left lung and then passed through the corus arteriosis of the right ventricle and the aortic vestibule of the left ventricle, immediately inferior to the aortic orifice.

2. Where would the blood likely accumulate?

Blood passed from the wounds in both ventricles into the pericardial sac.  As blood accumulated rapidly in the pericardial cavity, severe compression of the heart and obstruction to the inflow of blood to ventricles (cardiac tamponade) occurred.

3. Discuss cardiac tamponade and how this condition probably caused the man’s death.

Pressure increased until it exceeded the pressure in the large veins, preventing normal venous return to the heart and outflow of blood from the heart to the lungs.  This accounts for the patient’s shock and gasping for breath before death.

1.11

A short, thin man with spindly limbs (gracile habitus), 42 years of age, complained about recent difficulties in breathing during exercise (exertional dyspnea) and extreme fatigue.  He stated that other than being physically underdeveloped, he had been well most of his life until the last year when he had several respiratory infections.

PHYSICAL EXAM – prominent right ventricular cardiac impulse; a moderately loud midsystolic murmur was heard over the 2nd and 3rd intercostal spaces along the inferior left sternal border.

ECG – changes suggestive of right ventricular hypertrophy.

RADIOLOGY REPORT – radiographs revealed enlargement of the right side of the heart, especially of the right outflow tract, a small aortic knob, dilation of the pulmonary artery and its major branches, and increased pulmonary vascular markings.  During right cardiac catheterization, the catheter easily passed from the right atrium into the left atrium.  Serial samples of blood for determination of oxygen saturation were taken as the catheter was withdrawn from the left atrium into the right atrium and then through the IVC.  These studies revealed increased oxygen saturation of the right atrial blood compared with blood in the IVC.  Serial determinations of pressures showed unequal pressures in the atria (slightly higher in the left atrium).

DIAGNOSIS – Atrial septal defect (ASD) classified as a secundum type with a left-to-right atrial shunt of blood.

1. Was this man likely born with the ASD?

ASD is a congenital malformation because it is an imperfection in the interatrial septum that develops during embryonic formation of the heart.

2. Where else may defects occur in the interatrial septum?

The common form of ASD is the secundum type of ASD – it results from abnormal development of the oval foramen and secondary septum.  The primary septum and secondary septa normally fuse so that no opening remains between the right and left atrium.  The site of prenatal opening, and where most defects occur, is represented by the oval fossa in the adult right atrium.

3. What additional complications do you think might occur in this patient in view of the left-to-right shunt of blood?

Left-to-right shunt of blood occurs because left atrial pressure exceeds that in the right atrium during the major part of the cardiac cycle.  Some of the patient’s blood therefore makes 2 circuits through the lung.  As a result of shunting, the workload of the right ventricle increases, and its muscular wall hypertrophies (increases in size).  The cavities of the right atrium, right ventricle, and pulmonary artery dilate to accommodate the excess amount of blood in them.

During the first 40 year, most ASD parents have a moderate to good exercise tolerance despite the fact that the opening in the interatrial septum is about 2 to 4 cm in diameter.  These patients usually don’t exhibit cyanosis.  Pulmonary vascular disease (arteriosclerosis) is likely to develop with increased pulmonary artery pressure, particularly if recurrent respiratory infections occur.  Severe pulmonary hypertension may eventually result in higher pressure in the right atrium than in the left, reversing the shunt and causing cyanosis, severe disability, and heart failure.

1.12

A 16-month-old boy was on the floor the morning after a cocktail party when he suddenly started to choke.  The mother gave him several back blows that seemed to make him better, but it was not long before he started coughing again.  She saw he was having difficulty breathing and took him to the hospital.

PHYSICAL EXAM – the child was in respiratory distress characterized by coughing and dyspnea.  There was limited movement of the right side of the chest and auscultation disclosed reduced breath sounds over the right lung anteriorly and posteriorly.  There was slight hyperresonance over the right lung.  

RADIOLOGY REPORT – hyperinflation of the middle and inferior lobes of the right lung with a shift of the heart and other mediastinal structures to the left that decreases on inspiration.  A foreign body is probably lodged in the right middle lobe bronchus just inferior to the origin of the superior lobe bronchus.

BRONCHOSCOPY – the interior of the bronchial tree was examined with a bronchoscope.  A foreign object was observed in the right middle lobe bronchus at the site suggested by the radiologist.  The object was removed with some difficulty – it was a large peanut.

1. What is the embryological and anatomical basis for foreign bodies entering the right main bronchus and involving the middle and inferior lobes of the right lung?

The right main bronchus is wider, shorter, and more vertical than the left main bronchus so foreign bodies more frequently pass into the right side.  Common foreign bodies include:  nuts, hardware, pins, crayons, and dental material.  The right inferior lobe bronchus is in line with the right main bronchus and the foreign body often lodges in the proximal inferior lobe bronchus superior to the origin of the middle lobe bronchus.

2. If the peanut had not been removed, the right middle and inferior lobes of the infant’s lung might have collapsed.  Explain why a lung collapses.

When complete obstruction of a main bronchus occurs, the entire lung eventually collapses, becoming a nonaerated or atelectatic lung.  Airlessness of a lung as a result of absorption of air from the alveoli is atelectasis.  Collapse of the lung occurs when the air in the trapped part of the lung is absorbed into the blood, perfusing the lung.  Depending on the site of obstruction, collapse may involve an entire lung, a lobe, or a BP segment.

3. What would be the appearance of the atelectatic lobes in a radiograph?

A collapsed lung is soft tissue density so atelectatic lungs, lobes, or segments appear as homogeneous dense shadows, in contrast to a normal air-filled lung that is relatively lucent and appears dark on x-ray films.

4. What effect would atelactasis have on the position of the heart, other mediastinal structures, and the diaphragm?

When atelectasis of a sizable segment of lung occurs and the chest wall is intact so that air or blood is not accumulating in the pleural cavity, the heart and mediastinum are drawn toward the obstructed side and remain there during inspiration and expiration.  The diaphragm on the normal side moves normally, whereas on the opposite side it moves much less.

1.13

A 10-year-old girl was wrapped in a blanket and carried into the outpatient department.  As the child was prepared for physical exam, it was observed that the child was shivering and holding the right side of her chest.  Her respirations were rapid (tachypnea) but shallow.  The girl had a hacking cough and brought up some sputum containing blood-tinged mucous material.  Her temperature was 41.5(C and her pulse rate was 115.  Percussion of the thorax revealed a dullness over the right inferoposterior region of the chest and there was suppression of breath sounds on the right side and a pleural rub.  The child described the pain as sharp and stabbing and stated it became worse when she breathed deeply, coughed, or sneezed.  She said she felt the pain in the umbilical area and right shoulder.  

LAB REPORT – white blood cell count is elevated (leukocytosis) and many pneumococci were seen in the sputum.

RADIOLOGY REPORT – there is an area of consolidation (airless lung) in the posterior part of the base, or diaphragmatic surface of the right lung.  There is also a slight shift of the heart and other mediastinal structures to the right side.

DIAGNOSIS – Pleuritis caused by pneumococcal pneumonitis.
1. What is the function of the pleurae?

The potential space between the visceral and parietal pleura is filled with a capillary film of fluid.  The visceral pleura normally slides smoothly on the parietal pleura during respiration, facilitating movement of the lung. 

2. Discuss pleuritis and pleural effusion.

When the pleurae are inflamed (pleuritis), the pleural surfaces become rough and the rubbing of their surfaces produces pain and friction that is audible (pleural rub) during auscultation.  If the child had not been treated, a pleural effusion of serum would have occurred from the blood vessels supplying the pleura.  Pleural exudate collects in the pleural cavity and is visible on x-rays as a mostly homogeneous density that obscures the normal markings of the lung.  Large pleural effusions are associated with a shift of the heart and other mediastinal structures to the opposite side.  If the inflamed pleura become infected, pus accumulates in the pleural cavity (empyema).

3. How is pus removed from the pleural cavity?

A small empyema may be drained by thoracentesis in which a wide-bore needle is inserted posteriorly through the 7th ICS between the anterior and midaxillary lines along the superior border of the 8th rib.  The insertion of a needle close to the superior border of the rib avoids injury to the intercostal nerves and vessels.  The needle may also be inserted through the 8th or 9th intercostal space posterior to the midaxillary line.

4. Using your knowledge of the nerve supply to the pleurae, explain the referral of pain to the right side of the chest, periumbilical area, and right shoulder.

The parietal pleura is sensitive to pain while the visceral pleura is insensitive.  Afferent fibers from pain endings in the costal pleura and the pleura on the peripheral part of the diaphragm are conveyed through the thoracic wall as fine twigs of the intercostal nerves.  Irritation of nerve endings in the pleura resluting from rubbing of the inflamed pleurae produces stabbing pain.  Referred pain from the pleura is felt by the thoracic and abdominal walls - the areas of skin innervated by the intercostal nerves.  Pain around the umbilicus is explained by the fact that the 10th intercostal nerve supplies the band of skin (dermatome) that includes the umbilicus.

The mediastinal pleura and the pleura on the central part of the diaphragm are supplied by sensory fibers from the phrenic nerve (C3, C4, and C5).  Irritation of these areas of pleura, as in this case, stimulated nerve endings of the phrenic nerve, resulting in pain being referred to the root of the neck and shoulder.  These areas of skin are supplied by the supraclavicular nerves (C3 and C4), which are derived from two of the segments of the spinal cord that give origin to the phrenic nerve.

5. Explain anatomically why a slight shift of the heart and other mediastinal structures may occur with pneumonitis.

The heart and mediastinal structures shift to the affected side where there is pneumonitis and occupy the space created by the slight loss of volume of the consolidated lung tissue, resulting from the loss of air from the alveolus.  If pleural effusion or empyema occurs, the heart and mediastinal structures are pushed toward the opposite side by the accumulated serum or pus, respectively.

