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NGR 5003: Advanced Health Assessment & Diagnostic Reasoning

Unit Seven: Pulmonary System: Chest and Lungs:

· Basic assessment of the pulmonary system

· Advanced assessment of the pulmonary system 

- Chest X-Ray

- Pulmonary Function Testing

· Assessment findings of abnormal presentations in the pulmonary system

· Differential diagnoses of the gastrointestinal system

· Advanced Clinical reasoning: A case study approach
advanced assessment of Pulmonary system: chest and lungs
LEARNING OBJECTIVEs
1.
Describe anatomy and physiology of the chest and lungs.

2.
Organize interview questions pertinent to chest and lung examination.

3.
Describe appropriate equipment used for chest and lung examination.

4.
Relate inspection, palpation, percussion, and auscultation examination techniques to the chest and lungs.

5.
Distinguish variations in the health history and physical examination between adult patients and infants, adolescents, pregnant women, and older adults. 

6.
Analyze normal examination findings and relate to examination findings associated with various conditions of the chest and lungs.

Outline for Chapter 13: Chest and Lungs
Anatomy and Physiology

· The chest, or thorax, is a cage of bone, cartilage, and muscle capable of movement as the lungs expand. It consists anteriorly of the sternum, manubrium, xiphoid process, and costal thyroid/cricoid; laterally, of the 12 pairs of ribs; and posteriorly, of the 12 thoracic vertebrae.

· The ribs are connected to the thoracic vertebrae.

· The diaphragm contracts and moves downward during inspiration. Also during inspiration, the anteroposterior chest increases and the internal intercostals decrease the transverse diameter.

· The chest interior is divided into the right and left pleural cavities and the mediastinum. The pleural cavities are lined with parietal and visceral pleurae.

· The lungs have three lobes on the right and two on the left, which contain blood vessels, lymphatics, nerves, and alveolar ducts.

· The lungs are conical with broad and concave bases that rest on the diaphragm. The medial surfaces of the lungs are concave and cradle the heart. The apices extend 4 cm above the first rib.

· The trachea lies anterior to the esophagus and posterior to the isthmus of the thyroid.

· The main bronchi are divided into three right and two left branches that subdivide into terminal and respiratory bronchioles, each associated with one acinus. The acini consist of respiratory bronchioles, alveolar ducts and sacs, and alveoli.

· The bronchial arteries supply blood to the lung parenchyma and stroma.

Chemical and Neurologic Control of Respiration

· The purpose of respiration is to supply oxygen to and remove excess carbon dioxide from the body. Chemoreceptors in the medulla oblongata respond to changes in hydrogen ion concentration. Chemoreceptors in the carotid body respond to arterial oxygen and carbon dioxide levels. These chemoreceptors send signals to the respiratory center in the medulla oblongata. Excess levels of carbon dioxide stimulates the rate and depth of respiration.

Anatomic Landmarks

· Topographic markers on the chest include the nipples, the angle of Louis, the suprasternal notch, the costal angle (usually no more than 90 degrees, with ribs inserted at 45-degree angles), the vertebra prominens, and the clavicles.

Age- and Condition-Related Variations

· Infants and children. At 4 weeks of gestation, the lung starts to evolve from a simple sac to an involuted structure of tubules and spaces. The lungs contain no air, and alveoli are collapsed in utero. Passive respiratory movement prepares the infant for postnatal chemical and neurologic respiratory stimuli. The placenta performs fetal gas exchange.

· At birth, the lungs fill with air with great effort. Pulmonary arteries offer less resistance than the systemic circulation. Pulmonary pressure is decreased, leading to foramen ovale closure. Increased oxygen tension in the arterial blood stimulates ductus arteriosus closure.

· Chest circumference of a newborn is roughly equal to the head circumference. By 2 years of age, a child’s chest assumes adult proportions of lateral diameter exceeding anteroposterior diameter. A child’s chest wall is thin and prominent. The xiphoid process is movable.

· Pregnant women. Mechanical and biochemical factors (enlarged uterus, increased progesterone) create changes in the respiratory function. Estrogen increase causes the ligament of the rib cage to relax, and chest expansion increases.

· Lung length decreases, and diaphragm rises. Pregnant women have deeper breathing and slightly increased rate of respirations.

· Older adults. Barrel chest results from loss of muscle strength in thorax and diaphragm, coupled with and decreased lung resiliency. The chest wall may stiffen, and expansion is decreased. The alveoli of older adults are less elastic and more fibrous. Loss of some interalveolar folds and tensile strength occurs, resulting in underventilation of the alveoli and a decreased tolerance for exertion. These changes create a decrease in vital capacity and an increase in residual volume. Dyspnea can occur when older adults exceed exertional demands. Aging mucous membranes become drier and bacterial growth may occur from retained mucus.

Review of Related History

History of Present Illness

· Explore the following: whether the patient coughs or complains of coughing, the onset and nature of the cough, sputum characteristics, pattern and severity of the cough, associated symptoms (e.g., hoarseness), and efforts to treat.

· Document the following data: whether the patient has or complains of shortness of breath, the onset of the problem, pattern and factors facilitating or relieving it, and associated symptoms (e.g., such as diaphoresis), and efforts to treat.

· Complaints or signs of chest pain should be noted, along with their onset and duration, associated symptoms (e.g., fever), and any treatment efforts.

Past Medical History

· Pertinent data include past thoracic trauma or surgery, the use of oxygen, chronic pulmonary diseases, other systemic disorders (e.g., cancer), related respiratory tests, immunization against pneumonia, influenza, and the use of daily medications, both prescription and nonprescription.

Family History

· A family history of tuberculosis, cystic fibrosis, emphysema, allergies, smoking, malignancy, clotting disorders, the risk of pulmonary embolism, bronchiectasis, and bronchitis should be noted.

Personal and Social History

· Work-related exposure to irritants, allergens, and hazards should be explored. Use of protective devices should be documented.

· Environmental factors in the home include type of heating, air conditioning, and humidification.

· Other relevant data include drug and alcohol consumption; tobacco use; exercise tolerance; travel history; potential exposure to respiratory infections, such as influenza, or tuberculosis; nutritional status: weight loss or obesity; hobbies: owning pigeons, parrots or other animals, woodworking, welding; and exercise tolerance: diminished ability to perform up to expectations.

Age- and Condition-Related Variations

· Infants and children. Any history of low birth weight, assisted ventilation, coughing or aspiration of foreign objects, difficult feeding, apneic periods, sibling crib death, recurrent spitting up, or respiratory infection should be explored. 

· Pregnant women. History of gestation or estimated date of conception (EDC), presence of a larger uterus, exercise and energy expenditure, and exposure to respiratory infections should be noted.

· Older adults. Pertinent data include exposure and frequency of respiratory infections, effects of weather and activity on respiratory status, and any difficulty swallowing. Specific inquiry into smoking history, respiratory symptoms, fatigue, weight changes, fever, and night sweats should also be made.

See Pain from Cocaine (p. 369) and Risk Factors: Respiratory Disability (p. 370).
Examination and Findings

	Summary of Examination—Chest and Lungs
Inspection

· Inspect chest landmarks.

· Inspect skin, nails, and lips.

· Smell for odors of the breath.

· Count respiration rate for 60 seconds.

· Note respiratory pattern and movements.

· Inspect chest wall movement for symmetry.

Palpation

· Palpate anterior and posterior chest bones and muscles for pulsations, pain, bulges, movement, depression, crepitation, and positions.

· Palpate for thoracic expansion.

· Palpate tactile fremitus at bifurcation of bronchi by using palmar surfaces of fingers or ulnar surfaces of the hand.

· Move index fingers in suprasternal notch and inner borders of sternocleidomastoids to assess the trachea.

Percussion

· Percuss anterior, posterior, and lateral chest at 4- to 5-cm intervals, moving from superior to inferior and medial to lateral using one side as a control.

· Measure diaphragmatic excursion.

Auscultate

· Listen to breath sounds and vocal resonance.


Summary of Chest and Lungs Findings
	Life Cycle

Variations
	Normal

Findings
	Typical

Variations
	Findings Associated

with Disorders

	Adults
	Anteroposterior diameter is half the size of transverse diameter.

Respiratory rate is 12 to 20/minute.

Ratio of respirations to heartbeat is 1:4.

Chest expansion is equal bilaterally.

Bronchial, bronchovesicular, and vesicular breath sounds heard on auscultation.
	Decreased tactile or vocal fremitus is associated with emphysema.

Hyperresonance indicates hyperinflation of lungs.

Dullness indicates lung consolidation. Work-related exposure to irritants and allergens and use of protective devices should be explored.
	Shallow respirations are associated with injured rib, pleurisy, liver enlargement, or abdominal ascites. Slow respirations may mean neurologic or electrolyte problems, infection, or pleurisy.

Barrel chest with kyphosis, prominent sternal angle, and obstructive pulmonary disease is associated with chronic disease.

Asymmetric, unequal expansion of the lungs may be caused by extrapleural air, fluid, or mass.

Expiratory bulging may indicate enlarged heart, tumor, or aneurysm. Chest asymmetry suggests pneumothorax.


	Infants and

children
	Newborn acrocyanosis is common.

Respirations are 40 to 60/minute.

Xiphoid process is prominent with sharp tip.

At birth, lungs fill with air and foramen ovale and ductus arteriosus close.
	Minimal pectus carinatum and pectus excavatum may be present.

Rales and rhonchi are common.

Transient tachypnea is associated with cesarean birth.

Preterm infants may have irregular respiratory rate or apneic periods.

Hyperresonance is common in children.
	Pursed lips indicate increased expiratory effort.

Flared nares suggest air hunger. Tracheal tug indicates atelectasis, thyroid enlargement, or tumor. Chest roundness (increased anteroposterior diameter) after 2 years of age indicates chronic obstruction.

Gastrointestinal gurgle in chest indicates diaphragmatic hernia.

Unilateral retractions may be caused by foreign body.

Visible veins may indicate heart disorder. Clubbing may indicate cyanotic heart disease or cystic fibrosis. Dry, hoarse, barking cough suggests croup. Inspiratory whoop with coughing is associated with pertussis. Nasal flaring and intercostal, sternal, or suprasternal retractions indicate respiratory distress.

Stridor indicates high respiratory obstruction in infants and children.

	Adolescents
	
	Hyperventilation may be associated with anxiety and exercise.
	


	Pregnant women
	Estrogen increase causes ligament of rib cage to relax; chest expansion increases.

Lung length decreases and diaphragm rises.
	Costal angle up to 103 degrees in pregnancy.

Rib cage flares.

Deep thoracic breathing occurs. Dyspnea is common and is usually the result of normal physiologic changes.
	

	Older adults
	With aging, there is loss of muscle strength of thorax and diaphragm, resulting in decreased lung resiliency.

Alveoli are less elastic and more fibrous.
	Older adults have less chest expansion; larger anteroposterior diameter; and marked, bony prominences.

Aging is associated with kyphosis, use of accessory muscles, and hyperresonance.
	Cheyne-Stokes respiration implies serious condition.

Chest pain should be noted along with onset, duration, and associated symptoms of diaphoresis or shortness of breath.




· See Box 13-2: Thoracic Landmarks (p. 372); Figure 13-13 (p. 375) for patterns of respiration; the Mnemonics box for dyspnea of rapid onset (p. 374); Box 13-3: Influences on the Rate and Depth of Breathing (p. 375); and Box 13-5: Is the Airway Patent or Obstructed? (p. 377).

· See Table 13-1: Percussion Tones Heard over the Chest (p. 381); Figure 13-19 (p. 382) for the suggested sequence of percussion and auscultation of the thorax; Table 13-2: Characteristics of Normal Breath Sounds (p. 384); Box 13-7: The Terminology of Breath Sounds (p. 386); Table 13-3: Nomenclature for Adventitious Breath Sounds (p. 387); Box 13-8: Adventitious Breath Sounds (p. 387); and Differential Diagnosis box: Some Causes of Noisy Breathing (p. 390). 

· See Box 13-9: Summary of Expected Findings of Chest and Lungs (p. 391); Table 13-4: Infant Evaluation at Birth—APGAR Scoring System (p. 393); Box 13-11: Assessment of Respiratory Distress (p. 396); and Table 13-5: Physical Findings Associated with Common Respiratory Conditions (pp. 399 and 400).

Mosby items and derived items © 2006, 2003, 1999, 1995, 1991, 1987 by Mosby, Inc. an affiliate of Elsevier Inc
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·   Advanced assessment of the pulmonary system 



- Chest X-Ray



- Pulmonary Function Testing

·   Assessment findings of abnormal presentations in the   

              pulmonary system

·   Differential diagnoses of the pulmonary system
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· Advanced Assessment of the Pulmonary System

· Anatomy and Physiology:

· Thorax consists of sternum, manubrium, xiphoid, costal cartilage, 12 ribs (3 false; 7 true; 2 floating), 12 thoracic vertebrae; transverse diamater > A:P diameter

· Primary muscles of respiration (resp): diaphragm and ICMs—diaphragm innervated via phrenic nerve

· External ICMs involved in inspiration; internal ICMs involved in expiration

· Trapezius and SCM are accessory, used during pulmonary pathology

· Thorax divided into R & L pleural cavities (lined with parietal and visceral pleura and contain serous membranes which enclose the lungs) and mediastinum (contains all thoracic viscera except lungs)

· Lungs divided by oblique fissures; R also has lesser horizontal fissure; L lung only 2 lobes + lingula (R lung 3 lobes)

· Each lobe contains blood vessels, lymphatics, nerves, and alveolar duct connecting w/ alveoli; apex of the lungs extends 4 cm > 1st rib

· Tracehobranchial tree consists of trachea, R and L mainstem bronchus (R is shorter and wider), terminal bronchioles, respiratory bronchioles, acini (functional unit– consists of respiratory bronchioles, alveolar ducts, alveolar sacs, and alveoli).

· Bronchi transport air and trap noxious particles in mucus and sweep them toward the pharynx via the cilia; most blood supplied by bronchial arteries, returned via pulmonary veins

· Advanced Assessment of the Pulmonary System

· Anatomical Display: Pulmonary System

· Advanced Assessment of the Pulmonary System

· Chemical and Neurologic Control of Respiration:

· Gas exchange occurs across the alveolar-pulmonary capillary membranes and circulatory system to transport O2 to tissues and CO2 from

· Pons contains pneumotaxic and apneustic centers, which respond to hydrogen concentration in blood and CSF; chemoreceptors also in carotid bodies, respond to arterial O2 and CO2 concentrations, all relayed to pons via medulla; excess levels of CO2 control respiration

· Anatomic Landmarks:

· Nipples; angle of Louis (angulation of sternum and point of 2nd rib—count ribs and ICS from this landmark); suprasternal notch (groove at center depression of manubrium); costal angle (blending together of costal margins @ sternum); vertebra prominens (C7); clavicles

· Advanced Assessment of the Pulmonary System

· Infants and Children:

· Passive resp. occurs during gestation to prepare infant for breathing

· At time cord is cut, lungs fill with air, pulmonary pressures decrease, prompting closure of foramen ovale and closure of ductus arteriosis—entire process facilitated with surfactant, which reduces surface tension between alveoli interface

· A:P = Transverse; chest is round; > 2 years, adult configuration is assumed w/ Transverse > A:P; bony prominences more movable/noticeable

· Pregnant Women:

· Transverse diameter ↑ by approx 2 cm as a result of hormonal stimulation resulting in flaring of lower ribs; RR w/o change; TV, minute/alveolar resp increases

· Older Adults:

· Assumes barrel chest because of loss of muscle strength in thorax/ diaphragm and loss in lung resiliency, A:P diameter ↑ as a result of kyphosis; chest wall w/ ↓ elasticity and expansion; loss of interalveolar folds ↓ functional space for gas exchange, ↓ ventilation in lower lobes and ↓  tolerance to exertion; vital capacity ↓ while residual volume ↑; aging mucous membranes become drier and more prone to infection due to bacteria/viral clinging
· Advanced Assessment of the Pulmonary System

· Developmental Variation

· Advanced Assessment of the Pulmonary System

· Review of Related Hx:

· Hx of Present Illness:

· Coughing: Onset (gradual/duration); nature of cough (dry, moist, wet, hacking, hoarse, barking, whooping, bubbling, productive vs. nonproductive); sputum production (duration, frequency, w/ activity, at certain times of day); sputum characteristics (purulent, clear, mucoid, blood-tinged/ mostly blood, foul odor); pattern (occasional, regular, paroxysmal, related to time of day, weather, activity, exercise, talking, deep breaths, change over time); severity (tires pt., disrupts sleep/conversation, causes chest pain); associated symptoms (SOB, chest pain or tightness w/ breathing, fever, coryza, stuffy nose, noisy resp., hoarseness, gagging, choking, stress); Tx (Non/Rx, vaporizers, effectiveness, other Tx)

· SOB: Onset (sudden/gradual, duration, gagging or choking event a few days prior); pattern; position most comfortable (# of pillows/orthopnea); related to activities/exercise time of day/eating; harder to inhale or exhale; severity (extent of activity limitation, fatigue w/ breathing, anxiety about getting air); associated symptoms (pain or discomfort, relationship to point in respiration, exertion, location, cough, diaphoresis, ankle edema); Tx (Non/Rx, use of O2)

· Chest Pain: Onset and duration (assoc w/ trauma, coughing, lower RTI, recent anesthesia > 30 min, Hx of DVT); assoc symptoms (shallow breathing, feverm cough, anxiety about getting air, radiation of pain to neck/arms—which one?); Tx (heat, splinting, Rx); other non/Rx, cocaine or other drug abuse

· Advanced Assessment of the Pulmonary System

· Past Medical Hx:

· Thoracic, nasal, pharyngotracheal trauma or surgery, hospitalizations for pulmonary problems (dates, course of hospitalization)

· Use of O2 or ventillation-assisting devices (BiPap/CPap)

· Chronic pulm Dz (COPD, TB—date, Tx course, compliance, bronchitis, emphysema, bronchiectasis, asthma, CF)

· Other chronic Dz (cardiac, CA, blood clotting disorders)

· Testing: allergy, pulm function, TB and fungal skin testing, radiologic diagnostic chest examination)

· Immunizations against pneumonia, influenza

· Daily meds, prescribed or non

· Family Hx:

· TB, CF, emphysema, allergy/asthma/atopic dermatitis, malignancy, bronchiectasis, bronchitis, clotting disorders (risk for PE)

· Advanced Assessment of the Pulmonary System

· Personal and Social Hx:

· Employment: Nature of work, physical/emotional effort/stress, environmental hazards, exposure to chemicals, animals, pulmonary irritants (vapor, dust, asbestos, allergens), use of protective devices

· Home environment: Location, possible allergens, type of heating, use of AC, humidifier, ventilation

· Tobacco use: Type of tobacco (cigs/cigars/pipe/smokeless), duration and amt (in pack years), age started, efforts to quit w/ intermittent success/failure, extent of exposure to 2nd hand smoke (passive smoking)

· Exposure to RTIs, influenza, TB

· Nutritional status (wt. loss or obesity)

· Use of herbal or other remedies, consistent w/ complimentary/alternative Tx

· Regional or travel exposures (HIV in central Africa, the Caribbean, histoplasmosis in Southeastern and Midwestern US, schistosomiasis in the Orient, Africa, Caribbean, Southwest Asia)

· Hobbies: owning pigeons, parrots, or other animals, woodworking, welding, other possibilities of noxious exposure (w/ employment)

· Use of ETOH, illegal Rx, exercise tolerance (diminished ability to perform up to expectations)
· Advanced Assessment of the Pulmonary System

· Infants and Children:

· Low birth wt.: prematurity, duration of ventilatory support, if any, ARDS, bronchopulmonary dysplasia, transient tachypnea of newborn

· Coughing or dyspnea of sudden onset

· Possible asp or BS

· Possible ingestion of kerosene or other hydrocarbon

· Difficulty feeding: ↑ perspiration, cyanosis, fatigue, disinterest, inadequate wt. gain (indicator of exercise intolerance)

· Apneic episodes: use of apnea monitor, SIDS in sibling

· Recurrent spitting-up, choking, pneumonia (r/o GERD)

· Hx of pneumococcal vaccination (in particular, sickle cell, CF, other chronic Dz)

· Pregnant Women:

· Weeks of gestation/ EDC

· Presence of multiple fetuses, polyhydraminos, other conditions which enlarge uterus and displace diaphragm

· Exercise type and energy expenditure

· Exposure to and frequency of RTIs, Hx of annual influenza immunization, Hx of pneumococcal vaccine

· Older Adults:

· Exposure to and frequency of RTIs, Hx of pneumococcal/ annual influenza vaccine

· Effects of weather on resp effort/ occurrence of RTIs

· Immobilization or marked sedentary habits

· Dysphagia

· Alteration in ADLs r/t resp problems

· Chronic Dz (CA, bronchitis, emphysema, COPD, TB): Smoking Hx, cough/DOE, blood-tinged or yellow sputum, fatigue, significant wt. changes, fever, night sweats

· Advanced Assessment of the Pulmonary System

· Examination and Findings:

· Inspection:

· Pt. sits upright w/o support, naked to waist; need good light source

· Note shape and symmetry of chest from back to front, the costal angle, angle of ribs, and ICS; bony framework is obvious, clavicles prominent superiorly, sternum flat and free of overlying tissue (fat); A:P < transverse diameter

· Barrel chesting results from CF, COPD, asthma, emphysema

· A:P to transverse diameter > 1.0 = problem

· Assess for scoliosis, kyphosis, lordosis; pigeon chest (pectus carinatum)—prominent sternal protrusion and funnel chest (pectus excavatum)– indentation of lower sternum above xiphoid

· Inspect skin, nails, lips, nipples noting for cyanosis/pallor; intrathoracic infection may cause halitosis; supernumerary nipples may indicate other congenital problems; prominent superficial venous pattern could indicate pulmonary/cardiac Dz or obstruction
· Advanced Assessment of the Pulmonary System

· Pectus Carinatum and Pectus Excavatum

· Advanced Assessment of the Pulmonary System

· RR: Should be 12-20; expansion of chest should be symmetric –pt. should breathe w/ ease, regularly w/o distress; pattern should be even, neither too shallow or deep

· Dyspnea seen in pulmonary/cardiac compromise

· Present when pt. resting?

· How much walking? On a level surface or up stairs?

· Is it necessary to rest when walking up stairs?

· With what other activities of daily life does dyspnea begin? With what level of physical demand?

· Orthopnea: SOB ↑ when lying down; # of pillows used when sleeping

· Paroxysmal noctural dyspnea: sudden onset of SOB after a period of sleeping—sometimes window pushed open—helps to sit upright

· Platypnea: dyspnea ↑ when upright

· Tachypnea (>20); Bradypnea (<12)

· Hyperpnea (hyperventilation w/ rapid breathing)

· Kussmaul breathing: deep, rapid breathing (seen w/ acidosis)

· Hyponea: Abnormally shallow breathing

· Cheyne-Stokes: Rapid breathing w/ periods of apnea associated w/ seriously ill (CNS or Rx-induced compromise)

· Biot Respirations: clustered breathing assoc w/ ↑ ICP, Rx-poisoning or medullary lesion

· Advanced Assessment of the Pulmonary System

· Breathing Patterns

· Advanced Assessment of the Pulmonary System

· Observing Respiration:

· Thoracic resp is primarily the result of use of ICMs and is expected

· Diaphragmatic breathing results from ↑ intrathoracic pressure (seen often in men)

· ABD respiration results from concert of work of diaphragm and ABD muscles (seen in infants)

· Asymmetric chest expansion results from atelctasis or limitation of movt from ↑ extrapleural air, fluid, or mass; unilateral or bilateral bulging can be a reaction to resp. obstruction (tumor, aneurysm, cardiomegaly)—costal angle > 90 degrees (Retraction)

· Obstruction in the upper airway (trachea or larynx) results in stridor; seen with chest wall caving at sternum between ribs and suprasternal notch above clavicles and at lowest costal margins

· Paradoxical resp results from neg intrathoracic pressure transmitted to ABD through weak diaphragm (airway obstruction/COPD); inspiration = inward retraction of lower thorax; expiration = outward protrusion of lower thorax

· FB causes unilateral retraction w/o suprasternal notch involvement

· Retraction of lower chest seen in asthma/bronchitis

· Advanced Assessment of the Pulmonary System

· Palpation:

· Palpate the thoracic muscles and skeleton for pulsations, tenderness, bulges, depressions, masses, unusual movt., and unusual positions

· Rib cage should be symmetric w/some elasticity; sternum and xiphoid should be inflexible and thoracic spine rigid 

· SQ emphysema (crepitus) has an audible, crackly sensation and indicates leakage from pulm system; always an emergency

· Grating, coarse, palpable vibration is pleural friction rub; differentiated from cardiac via breath-holding

· Evaluate thoracic expansion at level of T10; thumbs should symmetrically separate at posterolateral/ xiphoid anterolateral costal margins during maximum inspiration 

· Assess tactile fremitus side-to-side in the same manner as auscultation; pt. states, “99.” ↓ or absent = ↑ air in lungs (emphysema, pleural thickening/effusion, massive PE, or bronchial obstruction); ↑ = ↑ fluid or solid mass and may indicate consolidation (nonobstructive bronchial secretions, compressed lung, tumor, inflammatory/infectious process)
· Advanced Assessment of the Pulmonary System

· Posterior Thoracic Expansion; 
Tactile Fremitus

· Advanced Assessment of the Pulmonary System

· Palpate tracheal symmetry by placing hands over clavicles and depressing thumbs between SCM and trachea; should be midline, sometimes w/ very slight deviation to R

· Tracheal displacement caused by atelectasis, thyroidmegaly, PTX, pleural fibrosis/effusion, tension PTX, tumor, nodal enlargement; posterior displacement seen w/ anterior mediastinal tumors; pulling-out w/ resp termed “tug”

· Advanced Assessment of the Pulmonary System

· Percussion:

· The normal tone heard over lung tissue is resonance (air)

· Hyperresonance (air + air) indicates air-trapping (emphysema, asthma, PTX)

· Dullness or flatness (solid) suggests atelectasis, pleural effusion, PTX, or asthma

· Diaphragmatic excursion limited in pulmonary (emphysema), ABD (ascites, tumor) lesions and superficial pain (rib Fx)

· Diaphragmatic Excursion:

· Have pt. take a deep breath, hold it

· Percuss down from scapula until resonance turns to dullness, mark

· Have pt. breathe and repeat on other side

· Have pt. take deep breath and forcible exhale as much as possible

· Percuss up from marked point (#2) until dullness turns to resonance

· Measure and record difference, normally 3-6 cm
· Advanced Assessment of the Pulmonary System

· Percussion and Diaphragmatic Excursion

· Advanced Assessment of the Pulmonary System

· Auscultation

· Careful when auscultating older clients because of risk syncope and dizziness—assess lung bases 1st if this is a problem

· Place the diaphragm directly on the skin

· Have pt. sit forward with arms crossed to expand fields

· Listen throughout respiratory cycle (both insp/exp)

· Vesicular (prominent lung fields, lower pitched—more obvious in thinner pts. less so in obese), Tracheal (heard over tracheal—harsh and high-pitched), Bronchovesicular (heard where tracheal and vesicular counds merge/meet)
· Advanced Assessment of the Pulmonary System

· Distribution of Breath Sounds

· Advanced Assessment of the Pulmonary System

· Breath Sounds:

· Amphoric Breath Sounds: Heard w/ stiff-walled pulm cavity or tension PTX/bronchopleural fistula; resembles blowing across a soda bottle

· Cavernous Breathing: Heard when pulm cavity wall is rigid; deep, echoing sound as if in a cave

· Breath sounds harder to hear when pleural space filled with fluid/pus (effusion) or FB obstructs bronchi; also when hyperinflated (emphysema/COPD)

· Breath sounds easier to hear w/ consolidation—mass around resp tube amplifies sound better than air-filled aveoli

· Adventitious sounds include continuous wheezes, friction rub, and rhonchi and non-continuous crackles

· Rhonchi disappear w/ coughing; crackles do not

· Crackles caused by disruptive passage air through the small airways; dry crackles more crisp w/o gurgling occur higher in the resp tree

· Rhonchi occur from air passing through an airway obstructed w/ thick secretions, muscular spasm, or external pressure

· Wheezes occur from high-velocity air passing through narrowed airway openings; the higher the pitch, the worse the obstruction; seen in asthma and bronchitis (good differential from sinusitis); unilateral stridor occurs w/ FB; tumor compression results in localized wheezing at site of compression; suspect virus in presence of infection
· Advanced Assessment of the Pulmonary System

· Friction rubs heard over liver/spleen not a problem; over cardium or pulm areas indicates grating inflammation of pericarditis or pleurisy

· Mediastinal Crunch (Hamman Sign) is present w/ mediastinal emphysema-- loud clicking and gurgling sounds heard w/ heartbeat; > @ PMI & L side-lying position

· Succussion Splash heard when large amt of air and fluid in pleural cavity—heard when vigorously moving pt. side-to-side

· Influences of fremitus also affect resonance; w/ consolidation vocal phrases sound clear and concise

· Bronchophony: Pt. states, “99”—if heard clearly, bronchophony is present

· Egophony: “E” ( “A”

· Whispered Pectorlioquy: A whispered “99” is clear and intelligible

· Differential Dx: Cough

· Cough: reflective response to irritant such as FB, infection, or compression of resp tree:

· Dry or Moist: Moist typically caused by infection; dry cough seen with cardiac problems, CA, allergies, HIV-related infection

· Onset: Acute onset especially w/ fever suggests infection; w/o fever, suggests FB or inhaled irritants

· Frequency: Infrequent cough may result from allergens or environmental insults

· Regularity: Regular, paroxysmal cough heard in pertussis; irregularly occurring cough has a variety of causes (smoking, CHF, FB or irritant, compressing tumor)

· Pitch/ Loudness: Determing low/high pitch and volume

· Postural Influences: May occur after a person has reclined or assumed erect position (PND or pooling of secretions in upper airway)

· Quality: Dry cough sounds brassy if caused by resp tree compression (tumor) or hoarse and barking in croup; pertussis seen with characteristic whoop at end of coughing
· Pulmonary Function Testing

· Vital Capacity (VC): Amt. of air that is expelled after pt. takes a maximum inspiration and maximum expiration

· If VC is impaired, suspect loss of lung tissue (aging), airway obstruction, loss of muscle strength, chest deformity, or PTX—VC alone cannot differentiate these

· Peak Expiratory Flow Rate (PEFR): Maximum amt of air that can be achieved during forced exp; measured via peak flow meter

· Functional Vital Capacity: Have pt. to exhale fully, count seconds until pt. must breathe and x by 50; this is the FVC in cc’s.

· See Supplemental Handout on Pulmonary Function Testing
· Differential Dx: Sputum

· Always indicates disease; more chronic, the more serious the disease process (cavitary lesion, tumor, bronchiectasis)
· Advanced Assessment of the Pulmonary System

· Infants:

· Use Apgar at 1 and 5 min s/p delivery:
· Advanced Assessment of the Pulmonary System

· Inspect thoracic cage for symmetry/ retractions; measure circumference (normal 30-36 cm)

· Difference between head and chest circumference ↑ w/ prematurity

· Moms w/ DM will have infants w/ ↑ chest circumferemce

· Acrocyanosis of the hands and feet common for the 1st few days s/p delivery

· Normal RR 40-60; Cesarean delivery usually w/ ↑ RR

· Periodic Breathing, similar to Cheyne-Stokes in the adult, common in the infant during 1st few hours of life

· Central cyanosis and coughing are ALWAYS a concern

· Sneezing and minor hiccups expected; excessive hiccups could be epilepsy, Rx w/d, or encephalopathy

· ABD and paradoxic breathing common in infants

· Asymmetry in chest during resp could indicate PTX or hernia (+ BS in chest)

· Palpate rib cage and sternum for symmetry and crepitus; non painful crepitus common in difficult forceps delivery 

· Crackles/ Rhonchi common after birth; ASYMMETRY is a sign of problem ex. (asp meconium)

· Stridor always a serious finding, indicates upper airway obstruction; if rpesent with hoarseness and retraction, suspect trachea/larynx problems such as floppy epiglottis, congenital defects, croup, edema r/t infection, allergen, smoke, chemicals, asp FB)

· Grunting, nasal flaring, retraction of suprasternal notch/ contraction of SCM ALL serious findings 
· Advanced Assessment of the Pulmonary System

· Diaphragmatic Hernia

· Advanced Assessment of the Pulmonary System

· Children:

· By age 7, children should be using ICM for breathing

· Retractions suggest an airway problem

· Barrel chest > 2 years of age, suspect obstructive Dz (CF)

· Tactile fremitus best assessed when child crying

· Hyperresonance more common due to thinner chest; bronchovesicular sounds common throughout chest of child

· RRs:

· Newborn: 30-80

· 1: 20-40

· 3: 20-30

· 6: 16-22

· 10: 16-20

· 17: 12-20
· Advanced Assessment of the Pulmonary System

· Pregnant Women:

· Dyspnea common due to structural changes

· FRC (amt of air in lungs at end of quiet exhalation) ↓ 

· TV (amt of air inhaled and exhaled during normal breathing) ↑ by 40%

· VC (amt of air that can be expelled during at the normal rate of exhalation after a maximum inspiration)

· Pregnant women breathe more deeply, not more frequently

· Older Adults:

· Chest expansion often ↓; may be ↓ able to use resp muscles due to weakness, general physical disability, or sedentary lifestyle; calcifications of rib articulations ↓ expansion A:P diameter  ↑; kyphosis common; hyperresonance heard due to  ↑ distensibility 
· Advanced Assessment of the Pulmonary System

· Kyphosis (A) and Gibbus (B)
· Common Pulmonary Abnormalities

· Pleurisy: 

· Visceral and parietal pleura become inflamed due to infection, neoplasm or asbestosis

· Acute pleuritic pain characteristic; rapid and shallow/ ↓ breath sounds

· Pain can be referred to ipsilateral scapula—can result in effusion

· Empyema: 

· Purulent, exudative fluid collects in pleural space due to trauma, pneumonia, PTX, bronchopleural fistula

· Breath sounds ↓/ absent in affected area; dullness percussed; fremitus absent; fever, tachypnea; pt. appears sick

· Lung Abscess: 

· Circumscribed mass defined by inflammation, suppuration, and centralized necrosis; asp of food or dental infection often cause

· Percussion note dull; breath sounds ↓/ absent in affected area; may be pleural friction rub; cough may be purulent & foul-smelling; pt. appears ill w/ fever and tachypnea
· Common Pulmonary Abnormalities

· Influenza:

· Acute, generalized, febrile illness

· Cough, fever, malaise, HA, coryza, and mild sore throat

· Entire resp tract may be overwhelmed by interstitial inflammation and necrosis

· Crackles, rhonchi, tachypnea, cough (nonproductive), substernal pain

· TB:

· Begins in lungs but can affect most systems

· Mycobacterium tuberculosis inhaled from airborne source, organism entrenches itself with possible nodal involvement; immunocompromised state can bring about active infection

· Rust-colored sputum, unexplained wt. loss, cough, night sweats, cachexia

· Lung CA:

· Etiologic agents include tobacco, asbestos, radiation, inhaled noxious agents; cough, wheezing, emphysema/atelectasis, pneumonitis, hemoptysis

· Common Pulmonary Abnormalities

· Lung CA

· Common Pulmonary Abnormalities

· Cor Pulmonale:

· R-sided CHF; usually caused by long-standing pulm HTN—Assessment findings include peripheral edema

· Hemothorax:

· Collection of blood in pleural space due to trauma; breath sounds ↓; dull

· PE:

· Fatal in 1-2/6

· Risk Factors: > age 40, Hx of DVT, surgery w/ anesthesia > 30 min, heart disease, CA, Fx of long bones, obesity

· Pleuritic CP in absence of dyspnea major clue to PE

· Low-grade fever possible

· Assess D-dimer levels (typically greatly ↑) and obtain spiral-cut CT Scan w/ contrast (if not contraindicated from renal)
· Common Pediatric Pulmonary Abnormalities

· CF:

· Autosomal recessive disorder of endocrine glands, lungs, pancreas, and sweat glands

· Cough w/ sputum in children < 5 hallmark symptom

· Parent may note excessively salty taste to skin when kissing

· Thick mucous plugs and blocks bronchi and bronchioles, resulting in stasis and infection

· Cor pulmonale and activity intolerance occurs in time

· 10% of Dx is in adulthood, usually w/ sterility

· Epiglottitis:

· Acute, LIFE-THREATENING usually accompanying Haemophilus influenza B

· Begins as sudden, rapid full obstruction of airway; most often between 3-7 years

· Child sits with neck hyperextended to open airway; appears ill and is unable to swallow w/ drooling

· Fever high w/ beefy red epiglottis, which is NEVER visualized by APN; notify MD immediately for ED transfer

· Croup:

· Common in 1.5-3 years from viral infection; typically begins @ HS; child awakes suddenly w/ frightened harsh, bark-like cough

· Labored breathing, retraction, stridor common; differentiated from epiglottitis as child is not in acute distress with hyperextended neck and anxious immediacy

· Common Pediatric Pulmonary Abnormalities

· Croup

· Common Pediatric Pulmonary Abnormalities

· Respiratory Distress Syndrome (RDS):

· Typically occurs in preterm infants due to deficiency of surfactant

· Tachypnea, tachycardia, retractions, grunting, cyanosis all part of clinical picture

· Tracheomalacia:

· Lack of rigidity in trachea

· “noisy breathing” in infancy w/ wheezing/ inspiratory stridor

· Usually self-limiting and resolves with age, but need to rule out serious etiology:

· Fixed lesions; vascular lesion; tracheal stenosis; FB

· Bronchiolitis:

· Occurs in infants < 6 months

· Hyperinflation of lungs; viral (usually RSV)

· Infant appears anxious and tachypneic; generalized retraction and perioral cyanosis common

· In severe tachypnea, air exchange is poor and breaths are rapid, short; ABD distended from swallowed air; wheezes/crackles sometimes auscultated
· Differential Dx: Common Pulmonary Abnormalities

· Differential Dx: Common Pulmonary Abnormalities
· Common Pulmonary Abnormalities

· PTX
· Interpretation of the Chest X-Ray

· Interpretation of the Chest X-Ray
· Interpretation of the Chest X-Ray

· Lateral Views:
· Interpretation of the Chest X-Ray

· RUL Consolidation
· Interpretation of the Chest X-Ray

· Mass Lesion
· Interpretation of the Chest X-Ray

· Atelectasis
· Interpretation of the Chest X-Ray

· Cavitary Lesion
· Interpretation of the Chest X-Ray

· Pleural Effusion
· Interpretation of the Chest X-Ray

· Interstitial Process (Pneumonia)
· Interpretation of the Chest X-Ray

· Emphysema
· Interpretation of the Chest X-Ray

· PTX
· Interpretation of the Chest X-Ray

· Mediastinal Mass
· Interpretation of the Chest X-Ray

· Lung Abscess

· Interpretation of the Chest X-Ray

· Multiple Lung METS

Pulmonary Function Testing:

Lung Volumes:
I. Inspiratory Volumes 

A. Inspiratory Reserve Volume (IRV) 

1. Maximal inspired volume from end-tidal inspiration 

B. Tidal Volume (Vt) 

1. Volume inspired and expired with each normal breath 

2. Minimum volume: 3 ml/kg 

3. Normal volume: 6-7 ml/kg 

C. Inspiratory Capacity (IC) 

1. Maximal volume inspired from resting expiratory level 

2. Calculation: IRV + Vt 

II. Expiratory Volumes 

A. Expiratory Reserve Volume (ERV) 

1. Maximal expired volume from end-tidal inspiration 

2. Normal: 25% of Vital Capacity 
B. Residual Volume (RV) 

1. Volume remaining in lungs after maximal expiration 

2. Normal adult: 1.0 to 2.4 Liters 

C. Functional Residual Capacity (FRC) 

1. Volume remaining in lungs at resting expiratory level 

III. Overall Lung Volumes 

A. Vital Capacity (VC) 

1. Maximal volume expelled after maximal inspiration 

B. Total Lung Capacity (TLC) 

1. Volume in lungs at end of maximal inspiration 

2. Calculation: VC + RV 

3. Normal adult: 4-6 Liters 

Vital Capacity:

I. Definition 

A. Maximal volume expelled after maximal inspiration 

II. Calculation 

A. Components (additive) 

1. Inspiratory Reserve Volume (IRV) + 

2. Expiratory Reserve Volume (ERV) + 

3. Tidal Volume (TV) 

B. Normal adult: 3 to 5 Liters 

C. Gender Differences (values are >80% of predicted) 

1. Females: 50 to 60 cc/kg 

2. Males: 70 cc/kg 

D. Advancing age after 20 years 

1. Vital Capacity decreases 200 to 250 cc per 10 years 
E. Calculations based on height 

1. Females: (27.63 - (0.112 x age)) x (height cm) 

2. Males: (21.78 - (0.101 x age)) x (height cm) 

F. Minimum (life sustaining): 15 cc/kg 

Functional Residual Capacity

I. Physiology 

A. Volume remaining in lungs at resting expiratory level 

B. Equivalent to alveolar volume (Va) 

1. Respiratory bronchioles and alveolar ducts: 30-40% 

2. Alveoli: 60-70% 

C. Calculation: ERV + RV 

D. Normal adult: 1.8 to 3.4 Liters 

II. Factors that increase FRC (Hyperinflation) 

A. Emphysema 

B. Aging 

C. Asthma 

D. Peribronchial fibrosis 

III. Factors that decrease FRC 

A. Age 

B. Obesity 

C. Supine posture 

D. Sedation 

Diffusing Capacity

I. Background 

A. Capacity of lung to transfer gas across alveoli 

B. Alveoli exposed to carbon monoxide 

C. Measure disappearance of carbon monoxide from the lung 

II. Technique: Single-Breath DLCO for patients at rest 

A. Patient takes a full Vital Capacity breath 

B. Inhalation mixture 

1. Carbon Monoxide 0.3% 

2. Helium 10% (Used to determine Lung Volume) 

C. Breath held to Total Lung Capacity for 5-10 seconds 

D. Alveolar gas sample taken after washout 

III. Causes of Decreased DLCO 

A. Increased alveolar membrane thickness 

1. Interstitial pulmonary fibrosis 

2. Asbestosis 

3. Sarcoidosis 

B. Decreased alveolar membrane area 

1. Pneumonectomy 
C. Combination of factors 

1. Emphysema 

2. Bronchiolitis Obliterans with Organizing Pneumonia 

IV. Falsely Abnormal DLCO if Hemoglobin not 15 g/dl 

A. Falsely elevated DLCO 

1. Polycythemia Vera 

2. Early Congestive Heart Failure 
B. Falsely reduced DLCO 

1. Anemia 

C. Corrected DLCO = DLCO / (0.07 x Hemoglobin)

Inhalation Challenge Test

I. Indication 

A. Suspected Asthmatic disease 

II. Physiology 

A. Tests airway reactivity to airway constrictors 

III. Technique 

A. Equipment to treat Status Asthmaticus readily available 

B. Pulmonary Function Tests performed at baseline 

C. Exposure to airway constrictor or irritant 

1. Methacholine 

2. Histamine 

3. Cold Air 

4. Hypertonic mist or hypotonic mist 

D. Pulmonary Function Tests repeated after exposure 

Pulmonary Function Test

I. Screening Spirometry Measures 

A. Forced Vital Capacity (FVC) 

1. Obstructive lung: Mildly Decreased or normal 

2. Restrictive lung: Mildly to severely decreased 

B. Forced Expiratory Volume in 1 second (FEV1) 

1. Obstructive lung: Mildly to severely decreased 

2. Restrictive lung: Moderately to severely decreased 

C. FEV1 to FVC Ratio (Normally over 75%) 

1. Not useful if both FEV1 and FVC are normal 

2. Obstructive lung: Moderately to severely decreased 

3. Restrictive lung: Normal or increased 

D. Forced Expiratory Small Airway Flow (FEF25-75) 

1. Effort Independent 

2. More variable than FEV1 or FVC 

II. Interpretation 

A. Normal 

1. FEV1 to FVC Ratio >0.7 

2. FEV1 >80% 

3. FVC >80% 

B. Obstructive Lung Disease: FEV1 to FVC Ratio <0.7 

1. Assess Severity 

a. FEV1 over 80%: Normal 

b. FEV1 over 60%: Mild obstructive lung disease 

c. FEV1 over 40-50%: Moderate obstructive lung disease 

d. FEV1 under 40%: Severe obstructive lung disease 

2. Assess Bronchodilator response 

a. See additional testing below 

b. Distinguish reversible from irreversible disease 

i. Asthma 

ii. COPD 

C. Restrictive Lung Disease: FEV1 to FVC Ratio >0.7 

1. Assess Severity 

a. FVC over 80%: Normal 

b. FVC over 60%: Mild restrictive lung disease 

c. FVC over 40-50%: Moderate restrictive lung disease 

d. FVC under 50%: Severe restrictive lung disease 

2. Additional testing 

a. Diffusing lung capacity for carbon monoxide (DLCO) 

b. DLCO to alveolar volume ratio 

c. Expiratory Reserve Volume 
III. Complete Lung Volume Testing 

A. Total Lung Capacity (TLC) 

1. Obstructive lung disease: Normal or mild change 

2. Restrictive lung disease: Decreased 

B. Residual Volume (RV) 

1. Obstructive lung disease: Increased 

2. Restrictive lung disease: Decreased 

C. Maximal voluntary ventilation (MMV) 

1. Technique 

a. Patient breathes hard and fast for 12 seconds 

b. Calculate liters per minute by extrapolating 

2. Interpretation 

a. Normal: MMV = FEV1 x 40 

b. Low MMV 

i. FEV1 and FVC reduced: Restrictive Lung Disease 

ii. FEV1 and FVC normal 

· Inadequate effort or neuromuscular disease 

· Severe airway disorder 

IV. Additional Testing 

A. Diffusing Capacity (DLCO) 

1. Reversible Obstructive Lung Disease (Asthma): Normal 

2. Irreversible Obstructive Lung Disease (COPD): Low 

B. Inhalation Challenge Test (Methacholine Challenge) 

C. Bronchodilator response (Significant values) 

1. Response suggests reversible component 

2. FVC or FEV1 improves by 12 to 15% over baseline 

3. FVC or FEV1 increases by at least 200 ml 

4. FEF25-75 improves by 15 to 25% over baseline 

D. Exercise Testing Endpoints 

1. Patient uncomfortable and requests to stop 

2. Disturbing Physiologic Change 

a. Hypoxemia 

b. Hypotension 

c. Arrhythmia 

3. Reaching 90% of maximum Heart Rate (age predicted) 

V. Signs of adequate test (Minimum of 3 tests) 

A. Full inhalation 

B. Maximal exhalation 

C. No cough or glottic closure 

D. Adequate test duration (exhale for 6 or more seconds) 

E. No mouth-piece leak 

F. Variation between two best tests is within 5% 

1. Difference between 2 largest FVC <0.2 L 

2. Difference between 2 largest FEV1 <0.2 L
VI. Disadvantages 

A. Spirometry is crude predictor pre-operative condition 

B. Spirometry affected by 

1. Pneumonia or other acute lung disease 

2. Sleep Apnea 

3. Anxiety 

C. Lung Volumes vary by ethnicity 

1. Lung Volume lower in Black, Asian and Native American 

2. These groups have 8% lower Lung Volumes than whites 
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