Pulmonary Physiology & Pathophysiology

Intro:

4 different volumes 

Tidal volume: normal, quiet breathing. Inhale to draw air in, relax and air leaves. 

Expiratory reserve volume: The volume of air left in the lungs after normal expiration that you can voluntarily get rid of. 

Inspiratory reserve volume: The volume of air you can breathe in after normal inspiration.

Vital capacity: Total amount of usable lung space you have; volume of air from maximum inhalation to maximum exhalation (vital capacity = tidal + inspiratory + expiratory volumes). 

Residual volume: Volume of air remaining in lungs after forceful expiration.

Example in class:
In order to determine the residual volume, after you have inhaled all the way, the amount of air is going to be total lung capacity (21% O2 and 79% nitrogen), ask you to exhale forcefully and then put on pure 100% O2, add up the amount of nitrogen that comes out in subsequent breaths, divide by .79 and calculate 

Structures of the Pulmonary System

Conducting airways: move air 


larynx: voice box 


glottis: if closed, no air in



no glottis = everything would be a whisper & we couldn’t “hold our breath”

NO gas exchange occurs in these airways


terminal bronchioles: non-respiratory 

Gas exchange airways 

alveoli: bundles of grapes 


2 types of epithelial alveolar cells 

type 1 pneumocytes: thin as possible in order to facilitate gas exchange 


type 2 pneumocytes: surfactant production 

Structural plan of the respiratory system

Alveoli: highly vascularized, each one needs to have capillaries 

First branch = Trachea to main stem bronchi 

Each branching is a new generation 

Have a total of approximately 250 million alveoli in each lung

Bigger lungs have more, smaller lungs have fewer
Structure determines function 

Trachea and bronchus


Mucous layer: secreted by non-ciliated goblet cells 


Ciliated cells: moving mucous up and out ( swallow, sneeze or cough out 


tall columnar ciliated cells (taller due to more mitochondria) 

Bronchus: (ignore Clara cells in this section)
Alveoli: don’t want mucus or cilia (because these will interfere with gas exchange) 


want cells to be as thin as possible for ease of gas exchange 


dust cell: macrophages in lumen of alveoli that eat “dust” & sequester it 

Big particles get stuck in bronchi and come out with mucus 
Medium-sized particles: go to alveoli and get stuck where dust cells take care of them 

Small particles go in and come back out

Type II pneumocyte image:

“2”: surfactant producing type 2 alveoli 

Left most small arrow: red blood cell in a capillary, we are looking at it through cell lining of alveolus and cell lining of capillary. This demonstrates how thin the alveolar membrane is.

Section through the alveolar septum (gas-exchange membrane):

Despite the fact that this layer is so thin, it is thick enough that blood doesn’t leak into alveolus and we don’t cough up blood.

O2 goes thru surfactant, alveolar epithelium & basement membrane, interstitial space, endothelium & basement membrane, blood plasma, RBC plasma membrane!  Anything that increases this journey will impede O2 diffusion.

Functional Components of the Respiratory System

Control of ventilation: respiratory rate control

Mechanics of breathing: major and accessory muscles 

Gas transport: O2 in and CO2 out  

Control of blood flow to the lungs 

Neurochemical respiratory control system
Cardio-respiratory center: shared nucleus (NTS – nucleus tractus solitarius) in the brain stem (all you need to know) 

Chemosensors monitor H+, PaO2 and PaCO2 

peripheral sensors are found in the carotid and aortic bodies
central sensors are found in the medulla oblongata
Respiratory center will tell us when to breath 


decapitate someone: won’t breath, need the impulse from the brain stem

heart will continue to pump because it has its own pacemaker 

Control of breathing
Normal healthy person uses PaCO2 to determine breathing rate 

PaCO2 + PaO2 + pH: detected by carotid body

PaCO2 + pH detected by central receptor in brain 


normal awake person: goal is to maintain 40 mmHg PaCO2 & pH 7.4
if Pa CO2 rises, ventilation rate increases to blow off more CO2 and PaCO2 would start decreasing  

If you maintain CO2 properly, you maintain pH properly – assuming your kidney works properly
Ventilation rate too slow PaCO2 drives carbonic acid equation to the right, pH going to decrease 

If system is not working properly - pH is higher priority, thus more interested in getting pH 7.4 rather than CO2 of 40mmHg 

Don’t use O2 to regulate breathing for a normal healthy person 


breathe a little slower, PaO2 a little lower, O2-sat stays ~same 


small changes in ventilation have minimal effects on PaO2 and O2-sat 

Hypoxic drive: under hypoxic conditions, ventilation is controlled by arterial O2 tension, but most people can’t hold their breath until they are blue – rising PaCO2 forces us to breathe. 

Free (deep sea) divers (“Competitive Apnea”) hyperventilate until they become alkalotic, and then hold their breath (current world record is > 10 minutes)
Mechanics of Breathing

T = P x R (tension in wall = pressure of lumen x radius of lumen) 

Example: Blowing up circus animal balloon – proximal end inflates before distal end, and continues to expand until maximum reached.  At this point, air will then inflate more distal areas of balloon. 

Surfactant: reduces surface tension, allowing alveoli to expand at same rate, rather than waiting for one to fill up all the way and then move to the next one.  

Without surfactant: you would have hyper-inflated areas of lungs and other areas that would not inflate at all 

Compliance

dV/dP: change in volume with change in pressure 

high compliance allows for easy filling
but, too much compliance ( lots of effort to get air out 

Recoil

Ability of lungs to return to pre-inflated volume

- high recoil – air leaves quickly 
but too much recoil: would have trouble getting air in 

trade-off between compliance and recoil – healthy lung has balance

Work of breathing 


quantifies the amount of effort to get air in and out of lung

Interaction of forces during inspiration and expiration
Equilibrium: Rib cage wants to expand, lungs want to recoil - outward force of ribs and inward force of lungs is equal ( no movement (negative pressure in pleural space) 

Inspiration: requires muscle contraction, outward rib pressure increases, lung goes with it expanding volume and air moves in 

Expiration: lung recoils, air moves out.

End of expiration: negative pressure in pleural space; force of ribs and lungs is equal and opposite – nothing moves.
Chest Wall and Pleura

Visceral pleura: line lungs 

Parietal pleura: outside of viscera (guts), lines ribs

If we expand the rib cage, we create a vacuum.  In order to avoid this, the visceral pleura will move with it due to pressure 

potential space: under normal conditions, parietal & visceral pleura in close contact, but we could put fluid in here (pleural effusion) or put air in (pneumothorax). 

pleural space shouldn’t be filled with anything under normal conditions 

Pleuritis: occurs when layers don’t slide together smoothly, usually due to inflammation (extremely painful) 

Mechanics of Breathing

Quiet breathing: forced inhalation followed by relaxed exhalation 


requires little to no effort 

diaphragm breathing much stronger than rib breathing although ribs give more volume 

Accessory muscles: don’t always use, but we are able to use them 

Accessory muscles of inspiration
diaphragm

external intercostal muscles: lift ribs up – increase lung volume
Accessory muscles of inspiration 

Sternocleinomastoid muscle: usually moves head and neck, also moves/raises sternum to allow a little more air in 


Scalene muscle: attached to ribs and pulls up when desperate for air 
Accessory muscles of expiration 


abdominal muscles – get sore abs with persistent cough


internal intercostal muscles: pull ribs down – decrease lung volume
Muscles of ventilation

Only need to know those mentioned above
Partial pressure of respiratory gases in normal respiration

Know O2 and CO2 numbers 

Inspired air is about 21% O2, remainder is nitrogen and small amount of H2O & CO2. When air gets to the trachea, it will be 100% humidity (at 37˚C that’s 47 mmHg)
Alveolus, systemic blood coming back through venous system: O2 moves in, CO2 out  

O2 moves into & CO2 out of pulmonary capillary, by time blood leaves it is equal to gas concentrations in alveolus, ~100 mmHg O2, 40 mmHg CO2
In tissue we lose O2 & get CO2 

Exhale: we pick up some O2 that didn’t get into any airways because it was in dead space 

Dead space: space that doesn’t have gas exchange, increases avg. O2 concentration and CO2 decreases – compared to alveolar gas

Anatomic dead space – trachea, bronchi, larger bronchioles


Physiological dead space – alveoli that are not perfused
Oxyhemoglobin dissociation curve
Most oxygen in blood is carried in hemoglobin 

hemoglobin has 4 sites of possible attachment for O2 


complete saturation: all 4 binding sites occupied 

75% saturation, 3 sites occupied, left one O2 in tissue; hemoglobin goes back to lungs and picks up another O2
Exercise: want curve to shift right, get rid of more oxygen from hemoglobin

Decreased hemoglobin affinity of O2 by:  increased CO2, increased H+, decreased pH, increased temperature and increased BPG (aka DPG)

increased altitudes (air is a lot thinner) 

Instead of 100 mmHg are at 80 mmHg, we want to deposit more of what we have into tissue, thus lower the affinity 

Also 2,3 DPG (diphosphoglycerate): causes right shift curve that allows us to deposit more O2 in tissue 

another solution at high altitude is to increase # of RBCs, but this takes longer (a couple of weeks at least) 

Small changes in ventilation will not affect O2 sat (until you get down to ~60 when you go into hypoxic drive) 

Carbon dioxide transport

3 ways to carry CO2 
1) dissolves in plasma, dissolves ~30x better than O2

2) convert to bicarbonate 

downside is that there is increased H+ concentration. Venous blood is more acidic because it contains more CO2, some of which converted to bicarb, which releases H+ 

3) carbamino compound – CO2 binds to NH2 end of proteins
Most common protein in all blood is hemoglobin, but ~all proteins 
will carry carbamino compounds 

CO2 carried on amino end of hemoglobin, not O2 binding site, decreases affinity for O2 (i.e., where you have lots of CO2 is where you want to release your O2) 

Typical O2 and CO2 content in arterial and venous blood

Dissolved O2 not efficient way to carry O2 

Arterial blood: 20ml O2/dl of blood 

20 ml O2/dl blood goes in on arterial side, while 15 ml/dl comes back on venous side ; ¼ has been deposited, almost all of this is carried by hemoglobin, amount of O2 that was dissolved is minimal (the reason why we can’t live without RBCs) - 

1.34 ml O2/ g-Hb x hemoglobin (g-Hb/dl) x O2 sat (%) (+ 0.003 (ml/dl mmHg) X PO2) (know the equation – don’t bother with 0.003 part of equation)  Vol% = ml-O2/dl-blood
Control of Pulmonary Circulation

If tissue is not getting enough O2, we want to give it more blood, EXCEPT for the lungs where you would want to withhold blood 

- alveoli get its O2 from the air we breathe, not from blood. If alveoli not ventilated, then no use sending blood to it 

In lungs, hypoxia causes vasoconstriction

If both lungs are hypoxic, we end up with pulmonary hypertension due to vasoconstriction, can cause mountain sickness 

Acidemia will cause the same thing 

Ventilation-perfusion abnormalities
Alveolar capillaries: in alveolar capillaries, blood gives off CO2 and gains O2

Impaired ventilation: obstruction not allowing air in and out properly, but obstruction is not complete.  O2 falls, CO2 rises and blood that comes through is not oxygenated 

Complete obstruction: gas in alveolus will be absorbed and alveolus collapses if obstruction is further up and obstructs the entire lung ( can lead to collapsed lung 

Alveolar dead space: air moving in and out but area is not perfused 

Anatomical dead space: part of airway where gas exchange does not take place

Physiological dead space: part of airway where gas exchange occurs, but is not able to; gas made it to alveolus but unable to exchange – typically due to perfusion problem
Gravity and alveolar pressure

Measure someone’s BP: at heart level 

Lungs: pressure is higher at bottom of lungs 


lung has weight, and is held in place by vacuum 


lung “suspended” from its top, more stretched at top (slinky) 



alveoli are more stretched at top 

Top of lung: pressure in alveolus greater than arterial and venous pressure 

Middle of lung: Most of ventilation and perfusion matched in middle of lung 
Bottom of lung: blood pressure greater than alveolar pressure
Tests of Pulmonary Function

Spirometry: 

Diffusion capacity: patient inhales small amount of carbon monoxide, which will either diffuse into blood or will be exhaled. If we know how much breathed in and how much breathed out, then we know how much was diffused 


-measures pulmonary function.  If membrane thickens, diffusion capacity becomes worse.

Functional vital capacity (FVC): breathe all way in and breathe all way out 

Forced expirational volume (FEV1): volume of air in lung that can be emptied in 1 sec (breathe in all the way and then breathe out as fast as possible). FEV1 drops with diseases that make exhaling difficult (asthma, bronchitis, COPD) 
FEV1/FVC – useful normalization
Arterial blood gas analysis: O2 sat, PaCO2, pH

Fetal lung development

Don’t need squamous cells (fetus doesn’t breathe air), have cuboidal cells instead 

no gas exchange for anyone born 24 weeks or earlier, won’t be able to breathe on own – need ECMO (extracorporeal membrane oxygenation) for preemies < 24 weeks
28 weeks: type 1 pneumocytes that are squamous, so gas exchange is possible but type 2 aren’t producing surfactant yet (blowing balloons)

lungs will have hyperventilation at some parts of lungs and no ventilation at others ( respiratory distress of newborn
give baby synthetic surfactant 

cortisol matures type 2 pneumocytes (give mom cortisol a week before, if we know baby will be born prematurely to help mature lungs) 

Being born is most stressful thing you will ever do; Extensive cortisol at birth if vaginal birth help finish maturing type 2 lungs

C-section not as stressful for fetus, more likely to see immature type 2 pneumocytes  
Pulmonary Pathophysiology

Lines are lymphatic vessels; macrophages remove tar from alveoli, but it still stays in lungs.
Try to clear as much from alveoli, but in smokers, there will be plenty of tar left 

Signs and Symptoms of Pulmonary Disease

Orthopnea: difficulty breathing while lying down, person sleeps with lots of pillows to help prop them up, usually a sign of pulmonary effusion or pulmonary edema 

Kussmaul respirations: rapid deep breaths (running to class); blowing out CO2, if doing this at rest – person is compensating for acidosis 


respiratory compensation for metabolic acidosis - 
often seen in diabetic ketoacidosis 

Cheyne-Stokes respirations: sign that patient is going to die; brain stem damage (NTS not working properly) O2 plummets during apnea, O2 detector sends alarm message to NTS resulting in fast, deep rapid breaths, alarm turns off, apnea, rapid respirations, apnea, etc. 

Hypoventilation:  breathe too slow, high PCO2 ( respiratory acidosis 

Cyanosis: really have to have deficit of O2 before turn cyanotic, need deficiency of respiration 


hypoxemia: low O2 tension which results in low O2 sat 


hypoxia: low O2 content, one cause is hypoxemia, another is anemia 


clubbing: enlargement of distal fingers, would not see this in first days of neonate

Hemoptysis: coughing up blood; blood leaking into alveoli or airways 

Pain: pleuritis: rubbing of visceral and parietal pleura, due to any inflammation

Conditions Caused by Pulmonary Disease or Injury

Acute respiratory failure: inadequate gas exchange – neonate born early with no surfactant, person who dives in pool and can’t swim, etc.
Atelectasis: lung collapse; large obstruction ( absorption: gas reabsorbed by blood and alveoli shrivel up; compression: heavy item compressing chest
Pneumothorax: air in pleural space (between parietal and visceral pleura) 

open pneumothorax: rib wants to go out, lungs want to go in; stick knife or syringe into patient so that gas can fill vacuum, chest will go up, lungs will go down and air will fill in the middle 

tension: as we are expanding lung, as we inhale more gas into area, exhalation can’t get it out: pneumothorax increases with each inhalation


spontaneous: idiopathic


secondary pneumothorax: caused by other lung problem 

Pleural effusion: fluid in pleural space; can have different types of fluid 

transudate: interstitial fluid,  low protein, usually result of heart failure or other systemic failure 

exudative: transudate with extra stuff, e.g. protein – usually seen with local inflammation, e.g. infection or cancer 


hemothorax: blood

chylothorax: lymph


empyema: pus in pleural space; infection in pleural space  


results in orthopnea; if standing, fluid accumulates at bottom 

Pathogenesis of pulmonary edema
Increased pulmonary venous pressure due to left-sided heart problem ( edema

Injury to capillary endothelium ( inflammation ( increased vascular permeability ( water gets into lumen of alveoli due to vascular permeability ( Fluid (water) not good substitute for surfactant ( some alveoli hyperventilate, some collapse 
Block lymphatics: lungs are rich in lymphatics, lymph can’t drain ( edema 

Bronchiectasis

Dilation of bronchi 

Flail chest
Normally, if we breathe, all ribs go up and lung gets inflated 

Break ribs on left side: decreased pressure sucks in on left side and ribs on left side go down during inhalation, when exhaling ribs go up 

Pulmonary Disorders
Restrictive: difficult to get air into lungs 

Obstructive lung disease: difficulty getting air out of lungs 

Cystic fibrosis: genetic 

Cor pulmonale: right-sided heart failure due to lung problem

Restrictive vs. Obstructive Pulmonary Disease

Restrictive: Loss of compliance: difficulty opening up lungs ( difficulty getting air in 

Obstructive: loss of recoil or obstruction of airways; decreased FEV1; amount of air getting out quickly is highly decreased 

Obstructive Pulmonary Disease

Lungs get hyper-inflated because can’t get any air out: can’t get any more air in 

Asthma: can inhale but can’t exhale, lungs get hyper-inflated because can’t get air out 

Pathophysiology of asthma
Triggered by allergen or irritant exposure ( immune activation/mast cell degranulation 

want to get irritant out of lung so you want conductive airways to get smaller to help, but in asthma, this is over-reactive, 

the response is over-reactive; airways over-constrict ( bronchoconstriction/spasm + immune mediated damage to airways ( asthma
When would you want conducting airways to dilate? When you are running from bear, exercising 


Epinephrine: vasodilator, people with very bad asthma carry epi-pen 

Chronic Obstructive Pulmonary Disease (COPD)

Combination of chronic bronchitis and emphysema 

Both cause obstructive pulmonary disease 

Bronchitis: inflamed and mucus-filled bronchi 

Emphysema: walls between alveoli are damaged and alveoli blow up to big balloons instead of clusters of little balloons, lose surface area for gas exchange but increased volume, lung loses recoil elasticity because elasticity came from septa between alveoli 


lose recoil, cant’ get air out, need to increase intrathoracic pressure to exhale
COPD
If we break fibers down faster, than build them back up, we lose recoil 

Inherited alpha 1: defective anti-trypsin, thus we have increased protease activity

Characteristic Changes in Restrictive Lung Disease

Normal VC is >70ml/kg. 

All lung volumes have decreased 

Lost compliance, Harder to get in air, but easy to get air out once you get it in 

FEV1 decreased because lung is smaller 

But ratio of FEV1/FVC is normal 

The pathogenesis of chronic restrictive lung disease
Fibroblasts lay down collagen, thicker membrane impairs gas exchange and makes lung less compliant although maintains good recoil 

Flow volume curves

Along x-axis: Inhaling to left, exhaling to right 

Flow rate: how fast air leaves 

As lung empties, flow rate decreases (releasing balloon, faster air release when fully inflated)

Obstructive disease: Barrel chests; can’t exhale all the way  

Restrictive: exhalation right along normal curve, fully inhaled lung is half of normal person 

Pulmonary Vascular Disease

Sitting in bed/airplane for too long, blood that sits still tends to clot, get up clot moves up and to lungs (lungs resilient to small clots, big clots are the problem) 

Give blood thinners to post-operative patients to avoid clots 

Whenever we throw clots from periphery through venous system, they go to R side of heart and to lungs 

Pulmonary Embolism

Little clot not a problem because alveoli get O2 from the air you breathe, not blood 

Varicose veins with lumps in them = DON’T palpate them 

Pulmonary Vascular Disease

Normal pressure 25/10 mm Hg, systolic pressure > ~40 mmHg is pulmonary hypertension 
Less common because a lot harder to measure pulmonary BP 

Can cause right-sided heart failure, lung failure, or impaired blood flow 

Vasoconstriction due to hypoxemia, e.g. COPD, mountain sickness – common cause PH
Pulmonary Hypertension & Cor Pulmonale
Decreased ventilation ( hypoxemia ( vasoconstriction ( increased pulmonary pressure ( pulmonary hypertension ( right heart has to work harder to pump blood to lungs (  right-sided heart failure 

Lung Cancer

Urinary bladder cancer: carcinogens in smoke will get to blood, go to kidney and then sit in the bladder until it is voided 

Environmental carcinogens: asbestos and radon gas 

A. Squamous cell carcinoma: Hilus of organ: where blood vessels go into organ 

non-productive cough until cancer eats into bronchus and reaches blood and then start coughing blood 

B. Small cell carcinoma (smoker’s lung cancer): Likes producing ectopic hormones 

C. adenocarcinoma: on the periphery 

Lung cancer staging – non-small cell lung carcinoma (NSCLC)
T: tumor N; node M: metastasis 

Don’t need to know the grey 

For each category: if causing any one of the classifications 

“Tis”: T0 

Ispilateral: same side; tumor and invaded nodes are on same side and in lung 

Contralateral: node on opposite side 

M2: questionable metastasis 

Lower stage: higher survivability 

Stage IIIA is last resectable stage: last one where surgery is useful 

Lung cancer staging – small cell lung carcinoma (SCLC)
Smoker’s cancer 

Other Lung Cancers

Mesothelioma: mesothelial layers cover all visceral organs; risk factor is asbestos 

Lung defense mechanisms

Sprain ankle: swells due to increased vascular permeability

If lungs swell: difficult to breathe 

Breathing in dust particles with fungus, pollen, bacteria, dust, etc. if medium-sized: deposit in alveolus, have dust cells (macrophages) to take care of them, or can leave and go to lymphatic vessels where B cells are released and can find antigen, become plasma cells ( secrete IgA, bind to antigen ( opsonization and phagocytes are more aggressively clearing and destroying bacteria 

PMN: first responders are neutrophils come in to clear things 

If get fluid moving in: difficulty breathing, disrupts surfactant layer 

Respiratory Tract Infections

Pneumonia: 6th leading cause of death in US 

Kills mostly elderly pts with other diseases 

Respiratory Tract Infections - Tuberculosis

Almost extinct since 1950s but starting to come back 

Acid-fast: Neither gram+ nor gram– 

Infect in upper lung lobes, calcified tubercules that contain TB, sequestered throughout infected lung (TB can live in this fashion but remain dormant for years, can be reactivated if patient becomes immuno-compromised) 

Starting to get multi-drug resistant TB strains

PPD test: if vaccinated outside the country, will always test positive for TB 

if you have raised antibodies against it due to previous exposure such as vaccine then you react to the test 

The natural history and spectrum of tuberculosis

Miliary TB: like a metastatic infection, TB spreads hematogenously 

TB used to be referred to as white plague because organs would get all these white spots of colonization 

Respiratory Tract Infections - Acute bronchitis
Will occur in bronchi rather than tissue itself: will not see big spots on x-rays 

Cystic Fibrosis
Fairly common: ~1/3500 & ~1/30 carriers (of N. European ancestry, Ireland has highest rate in world) 
Making sweat: interstitial fluid that goes through sweat duct - sodium chloride is reabsorbed
Defective chloride transporter: normally reabsorb sodium, chloride follows, if chloride doesn’t follow then would have negatively charged sweat (sparks) this doesn’t happen, if can’t bring chloride in, sodium just stops coming in, sweat tastes saltier (normal sweat is hypotonic, in CF it is hypertonic compared to normal sweat)

This is not restricted to sweat glands, same chloride transporter is present in other organs (lungs, pancreas, gall bladder)  

The most critical location is in lungs: normally we pump mucus and release chloride into it, bring small amount of sodium back in; 

If defective: chloride doesn’t go out into mucus, and we bring back more sodium and more water, ( mucus is dehydrated and therefore too thick for cilia to move and it stays in the lungs (lungs fill with mucus) 

Problem in patients: lots of lung infections because mucus doesn’t move out of lungs and bacteria can grow in the mucus (mucus doesn’t kill the bacteria, it just traps them)  

Patients can now live into their 30s with use of liberal antibiotics, and daily hitting to get the mucus out 

Autosomal recessive: will often have family history

Inhalation disorders

Pneumoconiosis: Non-biologically active agents that people breathe 

Silicosis: particles of sand (sand blasters) will cause fibrosis, cause injury, macrophages can’t digest sand but can call fibroblasts to lay down collagen


Asbestos: screw-shaped crystals, carcinogenic 

Hypersensitivity pneumonitis: biologically active, think mold spores 


response of immune system is worse than what it is working against 

Acute respiratory distress syndrome (ARDS)

Fulminant: fine one hour, two hours later in distress

Usually secondary to diffuse alveolar injury because of inflammation: increased vascular permeability, proteins coming in, water coming with it

Atelectasis: because of obstruction or decreased surfactant prohibiting alveoli from opening and closing properly 

Rapid shallow breathing, blow off CO2, can’t get enough O2 ( Respiratory alkalosis 

Harder to get air into lungs due to lack of surfactant 

Loss of surfactant causing gas exchange to decrease; Greater impairment of O2 transport than CO2 transport; even if you give them O2 you don’t raise their O2 sat (unresponsive hypoxemia)
Postoperative respiratory failure

Bedridden for long duration: risk of deep vein thrombosis that can break and result in embolism ( patient has sudden onset of dyspnea, chest pain 

Slow onset: of pneumonia, pulmonary edema, and multiple smaller pulmonary emboli 

Can’t cough: can’t get bacteria out, increased bacterial infection risk 

Aging and the Pulmonary System

Loss of recoil: lungs become more like plastic bag, 

Physical size of lung doesn’t change

Residual volume of lung increases: it is part of the lung we can’t use


all the functional volumes get smaller with the exception of TV,


Tidal volume stays the same 

Changes in lung volumes with aging. 

Residual volume increases with age: it’s the volume of the lung we can’t use 

Tidal volume stays pretty much the same 

Vital capacity: diminished
Serum enzyme changes after myocardial infarction (MI)Cardiac enzymes: 
CK: creatine kinase, detection of this enzyme in blood is a sign of cellular death 
CK–MB: more specific for cardiomyocytes and thus more telling of myocardial infarction or prolonged heart damage 
LDH: lactate dehydrogenase; comes from every cell in body denoting cellular injury
Myoglobin: peaks earlier but not entirely specific to MI
Serum troponin: structural protein NOT an enzyme; peaks early and stays elevated for long time 
