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Airways


Conducting zones – no gas exchange occurring


Bronchitis only affects this zone (therefore it does NOT affect gas exchange)


Two major symptoms – 1) excessive mucus; 2) productive cough


Most common due to an allergen


Is an inflammation of airways (conducting zone only)


Has columnar epithelial cells

Cough receptors – aka irritant receptors


Are in the epithelium of airways


Are sensory (innervated by Vagus – Vagus afferent)


Can be irritated and cause to cough


Patient’s getting over a viral infection – may have a dry cough that doesn’t seem to go away


This could be due to overexcitation (afferentation) in the cord due to the viral infection which causes sympatheticotonia causing NE to be released in the airways which irritates the receptors and cause the chronic cough


The Vagus (efferent) innervates:



Smooth muscle in airways



Mucus glands in airways



So when the irritant receptors are activated the Vagus afferent sends information to the brain which then activates the Vagus efferent leading to smooth muscle constriction and mucus production.

Conducting zone – has columnar epithelia cells and cilia – is called mucocilliary escalator.


Cilia propels particles we inhale back to mouth


Has 2 layers –



Gel – produced by mucus glands, very thick



Sol – produced by goblet cells; thinner; allows the cilia to be able to move


The mucous glands normally are only in the trachea and bronchi (normally there are NO mucous glands in terminal bronchioles or RESPIRATORY ZONE)  Respiratory zone has clara cells that produce a thin watery layer.


Produce EpiDRF (epithelium-derived relaxing factor, made by epithelial cells in the airways)



Promotes bronchodilation



Made by epithelial cells



Decreases amounts produced during airway inflammation (to cause bronchoconstriction)



Serious concern for asthmatic patients

Three types of bronchitis


Chronic in people that smoke – causes an increase in the number and size of mucus glands (goblet cells can become mucus glands by a nerve reflex – but only when told).  Therefore mucous, less thin mucus – cilia can’t move, will also have mucus glands in distal conductin zone, respiratory zone, where there aren’t any usually (usually clara cells [serous] in distal conductin and respiratory zones that switch over)


EpiDRF


Status asthmaticus – constriction, unresponsive to dilation therapy
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Last part – Three disease processes – asthma, bronchitis and emphysema.

UTI – irritating cough due to the increase in NE being pumped into the area.

Looked at technical things regarding the secretions of the various cells.

Epithelial cells – line the big airways – they flatten out and change when they get to the alveoli (columnar to squamous) – they become Type I and Type II – no mucous glands or ciliated cells - this all happens before the respiratory zone.  These are endothelium.  See last times notes.

EpiDRF (Epithelium Derived Relaxing Factor) – a recent understanding.


Promotes bronchdilation


Decreased amounts produced during airway inflammation – keeps it from going down further, increased obstruction in the airways.


Serious concern for asthmatic patients


(Vagus keeps the smooth muscles tight – overcome by EpiDRF)

If you have a child that is bronchodilated this will break the reflex and the chances are better that they won’t become an adult asthmatic.  

EndoDRF (Endothelium Derived Relaxing Factor)


Promotes vasodilation


Increased amounts produced during interstitial inflammatory events (pneumonia) – increased blood flow to an area of inflammation gets inflammatory cells there to do their job.


Causes increasingly low V/Q imbalance and worsening blood gases when ventilation is already reduced due to restrictive interstitial disease – should be 1:1 – if the V is going down, that’s bad, but if the V is going down as the Q is going up that’s really bad. (little V, lots of Q) – cases like pneumonia.  Inflammation of interstitial tissues is pneumonia – can be from multiple causes – aspiration of food, etc.  When you get older your V/Q balance goes down, this is why things like pneumonia is so much more serious for the elderly.


Leads to vascular shock and pulmonary hypotension – blood vessels are dilating, bringing the BP down, lose pressure in the lungs


Sepsis (systemic infection) may also result in the above events (toxic shock syndrome)


EndoDRF is actually nitrous oxide – in abundance this can destroy the V/Q balance.

BRONCHITIS


Three types accepted by the American Respiratory Association

1. Acute – lasts about 2 weeks, mucous and productive cough, no fever, most common cause is allergens (not bacteria or virus), treatment should be hydration (sol and gel layer of the mucous) to maintain the muco-cilliary escalator – no permanent change in the cellular walls

2. Simple chronic – 3 months of productive cough for 2 consecutive years, associated with young smokers (20-30 y/o pack/day), cellular changes in the wall will take place – cilia number will decrease and 3 things happen

a.  gel mucous increases (gets thicker)

b. increase the size and number of mucous glands (these are visible on slides)

c. Reid Index – measure of the size of the mucous gland in comparison to the airway wall – should be ¼ or less of the wall in normal; if it’s ½ or more it is an increase in the Reid Index.  The number will also increase (from goblet cell becoming mucous glands) – this isn’t part of the Reid Index.

The Fishman text – information he put on the screen.  “Mucous hypersecretion, probably by a nervous reflex producing submucosal mucous gland hypertrophy in larger airways.  The presence of mucus in the airways predisposes to colonization by bacteria and offers a nidus in which bacteria can multiple.” – 

“The prophylactic use of appropriate antibiotics has also failed to arrest the long-term decline in the FEV1 and merely tends to shorten the duration of exacerbations in those thus treated.  Yet the absence of evidence concerning the benefit of antibacterial chemotherapy does not deter physicians from this treating patients with all but the most trivial….?

“A patients deterioration is usually gradual and not related to the intermittent bouts of infection.  Instead, it seems likely that hypersecretion of mucus and the presence of secretion within the airway lumen – whether or not it is colonized by bacteria – are in some way linked to the deterioration in airway functions.

TEST QUESTION – what nerve that line the airways – irritant receptors (cough receptors) line the airway.  What causes airway deterioration?  Increased mucous due to Vagotonia.

3. Chronic obstructive
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Bronchitis – 3 stages – acute, simple chronic, chronic obstructive bronchitis


Inflammation of airways – causes signal to be sent via VA (visceral afferent – viscerogenic) nociception to cord (thoracic spine)


The cord will send out signals thru the sympathetics which causes NE to be released in tissues surrounding the bronchi and bronchioles 

TNF – tissue necrosis factor – nature’s way of protecting us – if we get invaded by an organism or suffer tissue damage – we want this to happen.

Postganglionic sympathetic nerve terminal releases NE that causes the mast cells to degranulate and attract the macrophages to the area which release TNF, IL12, etc.

IL12 (between the white blood cells – inter = between, leukin = white) – this is what causes us to feel-flu-like.  A lot of medicine is aimed at reducing these interleukins.

Peptidergic/sensory nerve – pain nerve – Substance P is release into the tissue of insult and will also cause mast cells to degranulate and macrophages to release TNF.  It has the same effect (Sub P) as NE.  It will be released at both end of the pain fibers.

Epithelial shedding as a result of inflammatory events in the epithelial of the airways – i.e. bronchitis – eosinophils are presesnt (at the end of inflammation) – sensory nerves among the epithelial cells – these nerves go to the cord (VA – viscerogenic afferents) and also to additional structures such as muscles, vessels, etc.  At both ends Substance P, NKA, CGRP, etc. are released.  The tissues aren’t painful in the case of a subluxation, but the bronchi can be the site of these compounds being released, but the tissues around the bronchi become inflamed.

Two ways – 

1. Release of NE – subluxation – sympathetic reaction 

2. Release of Substance P, etc. – neuropeptides – released at both ends of sensory nerves (in the dorsal horn and the end in the other tissues segmentally related)

These are neurogenic inflammation.

Cholinergic facilitation – Acetylcholine – parasymapthetics – pain coming into an area will activate these if they are there – in the airways, the Vagus is the major nerve – it goes to mucous glands and muscle tissue – the Vagus will then cause smooth muscle constriction and mucous production.

In a normal situation, GABA inhibits the release of these neuropeptides.

Subluxated segements are tender and sore – sending into the cord a pain signal because they are tight - they are dominant here because they aren’t moving, they are sending in GABA which keeps the tenderness away – Substance P, NeuroKinase A into the interneuronal pool, GABA not present. SP and NKA are also released at the other end of the nerve coming out to the segmentally related areas.

Subluxation = NE release to start the inflammation process. (Neurogenic inflammation)

Acute bronchitis – lasts about 2 weeks, hydrate the patient and let them cough – conducting zone

Simple chronic bronchitis – cellular changes (mucous glands get bigger, Reid index, are reversible), 3 consecutive months of cough for two years. – Conducting zone

Chronic Obstructive Bronchitis – involves the respiratory bronchioles.  AKA respiratory bronchiolitis (inflammation of the respiratory bronchioles) AKA centrilobular emphysema.  


Decreased FEV1 (obstructive desease – spirometry findings)


ABGs – increased in CO2 decrease in O2


Permanent damage to the cellular layer – release of TNF in the alveolar area by the macrophage – the tissues are eaten away therefore they can’t return to normal.


The alveolar ducts and sacs remain intact but the respiratory bronchioles are destroyed.


This usually happen in the upper lobes – usually in smokers.


The upper lobe is more ventilated than profused, lower lobes are more profused and less ventilated.  


Increased compliance, decreased recoil is what is going on in the respiratory bronchioles which will increase alveolar CO2, decrease in EpiDRF and EndoDRF (nitric oxide), the blood vessels will constrict (wasted blood – shunt unit) – in the upper lobes.  The blood in the upper lobes goes to the lower lobes which already has a low V and a high Q so this worsens the V/Q balance.  This is called the blue bloater – cyanotic due to CO2 buildup.  ABGs are real bad – patient goes into CHF due to pulmonary hypertension.  

Blue -> bad blood gases -> Bloated -> CHF -> pulmonary hypertension -> vasoconstriction in the upper lobes -> decreased NO production -> decreased alveolar O2 (PaO2) -> decreased ventilation -> respiratory bronchiolitis -> smokes -> subluxations -> neurogenic inflammation (and all those mechanisms)
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Emphysema that is preceeded by bronchitis – chronic obstructive bronchitis, centrolobular emphysema, respiratory bronchitis, Type “B” emphysema, Blue Bloater – these are all aka’s.

Blue Bloater – Usually has a history of smoking.  Damage is irreversible because the tissue has died.  They have a history of chronic productive cough.  Their ABGs are terrible.  This type of emphysema has the worst V/Q imbalance – actually they are bloated (retaining fluid) due to the deteriorating condition of the lungs they will experience pulmonary hypertension which will eventually destroy the heart (CHF).  

This patient has less dyspnea (shortness of breath) than other emphysema patients.  The alveoli and the ducts are intact – lobule is the respiratory bronchiole, the alveolar duct and the alveolar sac (the respiratory zone) – the inflammation is in the “center” of the lobule – the respiratory bronchiole.  The worst V/Q balance is because the air and the blood aren’t in the same place at the same time.  The damage is occurring in the upper lobes of the lungs where there is less blood.  This damage will be remedied by the body – it will repair poorly ventilated units – V is down (can’t blow air out due to decreased recoil) so the body will cause the blood vessels to vasoconstrict to balance the V/Q.  The blood goes to the lower lobes where there is already lots of blood.  This worsens the V/Q in the lower lobes.  The problem is the shunt units developing in the upper lobes.  The periphery of the lobule is intact – J receptors send the information (SOB) to the nervous system.  They are not being inflamed so the system doesn’t react with SOB – this is why there is less SOB.  Not addicted to an inhaler.  There is alveolar O2 available in the alveolar sacs but there is less blood.  

Another type of Emphysema – Panlobular Emphysema – Type “A” – Pink Puffer.  The patient is skinny, struggling to breath, they look wasted (thin arms and legs).  The major difference here is where the emphysema is located.  In this case it is the lower lobes – they become more involved in the damage.  The ABGs are pretty good.  V/Q balance is pretty good too.  

“Puffer” – SOB – bad dypsnea is constant.  Prednisone and inhalers are a very important part of their life – they are dependent on them.  The normal lobule has respiratory bronchioles, alveolar ducts and alveolar sacs.  In this type of emphysema the entire lobule is eaten up including the periphery so the J receptors will be inflamed.  They will be sending a signal constantly back to tell the brain that the patient isn’t breathing well – SOB.  The blood from the lower lung will go to the upper lung which helps balance the V/Q.

“Obstructive” – air can get in but can’t get out.

They are so skinny because they have to breath harder, faster and deeper and a lot of energy is expended to get the blood to the upper lobes.  The blood flow in the extremities decreases because the J receptors have caused the reflex to cause vasoconstriction of the extremities.  Causes muscle weakness in the extremities.

Prednisone turns the extremities into sticks – causes gluconeogenesis – protein comes right out of the muscles.  Then they get diabetes because the Prednisone creates it.  Still the ABGs are normal – V/Q balance is still preserved.  

The blue bloater will die before the pink puffer because the V/Q balance is good.  In the blue bloater the heart will quit.  

Be cautious about adjustments – bones are the consistency of lead in a pencil.  They can turn over in bed and fracture bones.  NO HVLA!!!!!!!!!

The cause of all of this is blamed on the macrophage.  It is the cell that is causing the problem.  They will be in the airways and has within it a very potent proteolytic enzyme called Trypsin.  Dissolves what it injests.  When the macrophage dissolves the tripsin is released and it destroys the surrounding tissue.  The inflammation is what triggers all this.  Neurogenic inflammation.

We constantly have macrophages dying in our body.  Normally this is no big deal because the liver releases protease inhibitor (anti-trypsin factor).  Some don’t have this – children with emphysema.  If this isn’t present then the trypsin from the macrophages destroys all the tissues.

Tar from cigarette smoking causes an increase in trypsin and also reduces the liver’s ability to produce protease inhibitor.  
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We have reviewed bronchitis (3 types) and emphysema (2 types).  Now we will look at asthma.  All are obstructive diseases – increase compliance and reduce recoil.

Asthma – two elements


Bronchoconstriction and mucous production is what defines asthma.  Both will clog the airways.

Two major types – both have bronchoconstriction and hypertrophic mucous glands overproducing mucous.  They will show a residual poor FEV1 (labored air out) – even when they are feeling their best they have trouble breathing out (less than 80% in the first second).

Peak flow meter – a way of measuring peak expiratory flow rate – PEFR (rough estimation).  Asthmatics will always be below normal.

There is always the bronchocontriction and mucous production in the small airways.  The smooth muscles have hypertrophied – an increased size and number of mucous glands then “creep” down into the airways (a nervous reflex – Vagus).  

The Vagus nerve innervates both the mucous glands and the smooth muscle.  

The asthmatic will have a thick, tenacious mucous.  It contains high levels of eosinophils (eosinophilic).  Curschman’s spirals – found in the mucous also – origin is controversial but they can be seen under the microscope – may be an agent produced by the mucous glands.

Features of extrinsic and intrinsic asthma
Extrinsic – outside agent causes it (pollen – mold); Intrinsic – inside the body (similar to an autoimmunity)

Etiology – extrinsic is mainly atophy (atophy = allergy – i.e. poison ivy, intrinsic - Complex (RAST test is inconclusive to a particular allergen)

Antigen related – extrinsic – Yes; Intrinsic - No

;

IgE Mediated - (Normally in the digestive tract (reacts to poorly cooked foods) – in asthmatics it is found in the respiratory tract – not the normal IgA) High levels of IgE show that you are highly allergic (topically).  MDs try desensitization shots – usually only effective in upper respiratory problems.  Extrinsic – yes; Intrinsic – No

Eczema, hay fever – Extrinsic – common; Intrinsic – uncommon

Family history – Extrinsic – usually positive; Intrinsic – often negative

Hypersensitivity skin tests – Extrinsic – often positive; intrinsic – usually negative

Typical attack – extrinsic – acute, mild; intrinsic – often severe

Results of treatment – Extrinsic – effective; intrinsic – variable

Environmental control – extrinsic – useful; intrinsic – not useful (sometimes it is)

Desensitization – Extrinsic - occasionally helpful; Intrinsic - not helpful

Relief between attacks complete – Extrinsic – complete; intrinsic – often incomplete

Prognosis – entrinsic – usually good; intrinsic – less favorable

Intrinsic is NEUROGENIC

Any stimulation to the Vagus nerve will result in bronchoconstriction and mucus production in the airways.

Vagus is both sensory and motor – parasympathetic – Vagal afferents.

Vagal afferent – sensory Vagal nerve – aka irritant receptors or cough receptors

Vagal efferent – parasympathetic – narrows the airway, mucus gland produces mucus.  

If this reflex were there constantly it would easily explain asthma.  However, mast cells are in massive number in the airways – degranulation = histamine = direct stimulus to irritant receptors.  Therefore, if mast cell releases histamine in the airways = bronchoconstriction and mucus production.  

Two methods then that contribute to asthma.

“Sympathetic efferent discharge is though to sensitize primary afferent nerve  endings.”  - They drop off NE (irritant receptors is a primary afferent nerve ending).  

Sensitize = closer to threshold.

NE and histamine both can sensitize the irritant receptors.

Mast cell problem


Antigens can enter the body through many sites.  The immunoblasts (plasma cells from lymphocytes) line the airways that produce the antibody (IgE) will land on the surface of a mast cell.  This is called SENSITIZATION.  Mast cell is then sensitized.


Step two – a second exposure to the allergen, it doesn’t have to go through the plasma cell because the mast cell is already sensitized.  The mast cell latches on to it and degranulates and then releases Histamine, Leukotrienes (medications for asthma are called leukotriene inhibitors – i.e. Cingulair).  The thinking is to let the process happen and we will control it at the Leukotriene production stage.  Although there is great relief for some patients, there is a down side to this – pulmonary fibrosis can develop in those patients who use Cingulair.  MDs have been told to re-evaluate those patients on this.


The mast cell also releases – ECF-A (eosinophil chemotaxic factor), NCF-A (neutrophilic chemotaxic factor), kinin-protease, PAF – these are all inflammatory reactions.  (Stop exposure – mast cell doesn’t degranulate anymore)


Also the mast cell releases SRS-A – slow reactive substance – anaphalaxis – he will probably ask about this.  Anaphalactic shock results from this being released.  The desensitization shot – you have to sit in the Dr. office after the shot because there could be an anaphalactic reaction.


Mast cell – epinephrine will inhibit the degranulation process.  NE (alpha adrenergic) lands on the mast cell and degranulates – this comes from the sympathetic nerves.  Dr. Korr said that sympatheticotonia will enhance tissue function – increased primary afferents – mast cells are supposed to degranulate.  Increased sympathetic tone has to be a consideration of the asthmatic.  As a DC we are taught to adjust the thoracic spine to increase sympathetics to the lungs.  A hypersympathetic reaction is contraindicated in asthma.  The patient is definitely subluxated – this is what causes the excitatory state, the production of NE into the lung fields causing more problems than it is helping.  


Intrinsic – IgE levels aren’t high, we can’t isolate an antigen, so what’s causing the problem?  That’s why this is called neurogenic inflammation.  The mast cells respond to sympathetic stimulation.  It is called Nerve-mast cell interaction.  Sympathetics will fire segmentally into the tissue NE if their help is needed.  A subluxation will continually fire into the segmental area.  

Smooth muscle contraction – one of the problems of asthma – two things to worry about


Parasympathetic nerve stimulation will cause the muscle to contract


Chemical mediators – i.e. SRS-A, EFC, histamine will also cause the muscle to contract


Can’t have one without the other

Using the peak flow meter – repeated blows cause a decrease in the peak flow.  Vagus continues to increase the constriction.

At 100 on the peak flow meter – ABGs are involved – hypercapnia (he said a couple of others but I missed them)

Smooth muscle cell – under Vagal control – it will cause the smooth muscle to constrict – a beta-adronergic receptor (epinephrin) on the smooth muscle (NE is alpha – so it doesn’t relax the smooth muscle).  This is why epinephrine is administered during an asthmatic attack.  It increases the cAMP which will inhibit the activity of the cell and the muscle will relax.  (Primatene Mist, etc.)  This is a shotgun approach so it affects the rest of the body.  This is a beta-2 receptor – a beta-2 inhibitor would be great – albuterol (a rescue inhaler) – very effective in relaxing smooth muscle.  The heart also has these sites so there could result cardiac arrhythmias (people have heart attacks).  Needs to be carefully administered.  Two times a day is maximum – four puffs – used to be.  Now it is two doses per WEEK!!!!  Phosphodiesterase – an intercellular enzyme – natures way of allowing the smooth muscle cell to constrict.  It works against the beta-adrenergic inhibitor.  This causes build up of phosphodiesterase – an addiction of the inhaler is what happens – the patient doesn’t understand that they are causing a problem by using it more than the directed amount because they really feel a lot better when they use it.

Status ashmaticus – the bronchoconstrictive state which is not responsive to bronchodilator therapy – inhalers cause this to happen usually.  

Herbal – theopfylline – medication used by asthmatics – belongs to the class of drugs – xanthine.  Mechanism is phosphodiesterase inhibitor.  Around 1990 this was removed from the over-the-counter medications.  The problem with theopfylline reaches titer levels in the blood – 18 can cause stroke – people were walking around with titer levels of 20-25.  Now it is utilized as a “rescue” drug.

There are a lot of xanthine products out there that work the same way – ephedrine is one of them.  Used for bronchitis.  It blocks phospodiesterase (mild).  It behaves like a xanthine and is a POWERFUL alpha AND a beta adrenergic (can cause heart problems).  Lungs will open up quickly.  It will also open sodium channels, water will follow and mucus will become thinner.  

FDA says no more than 150 mg per day – most teas have 5 mg per bag. 

Ephedra is also found in weight loss products and can be fatal because it isn’t measured.

Wehave to learn to stop/reduce the Vagal influences with direct control  Then we have to reduce the inflammatory effects of NE from the sympathetic nervous system.  Then we have to help them liqueify the mucus to get it up.  This will really help.

Gray’s anatomy – 


The nodose ganglion (ganglion of the trunk – vagal afferent cell bodies are here) – it is joined by the accessory part of the spinal accessory nerve, and is associated with the hypoglossal nerve, with the superior cervical ganglion of the sympathetic, and with the loop between the first two cervical nerves.  Both ganglia (jugular and nodosal) and especially the nodosal retain numerous cell bodies of sympathetic neurons.

Subluxation of the upper cervicals could influence the nodose ganglion.  This can stimulate the motor vagal response to the smooth muscle and the mucus production.  

Dr. Mannell – orthopedist – has a small chapter in his book dedicated to asthmatics and fixation of the thoracic spine including the costovertebral joint.  He makes a connection with the articulation of the spine to asthma.

It should be remembered that the visceral sensory fibers of the vagus arises in the ganglia and carry to the medulla impulses aroused in the viscera it supplies, chiefly the epithelium of the digestive and respiratory apparatuses.
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Emphysema – he pulled some stuff up on the web.

TWO TYPES of emphysema – centriacinar (acinus = respiratory zone) – aka centrilobular and panacinar emphysema (panlobular) – they are the same thing – don’t let this through us off.

Centrilobular – proximal part of the respiratory zone – respiratory bronchioles – leaves ducts and sacs intact – found in the upper lobes – associated with cigarette smoking and chronic bronchitis usually exists – blue bloater

Panlobular – entrie respiratory zone – more sever in the lower lobes – pink puffer.  Associated with alpha-1 antutrypsin deficiency. 
Pathogenesis of panlobular emphysema – the destruction of the alveolar walls is due to an imbalance in the normal protease–antiprotease mechanism in favour of increased protease activity.


The major protease (dissolves protein) is elastase (connective tissue – lungs are full of it), which is (elastase and trypsin are the same) secreted by neurtrophils and macrophages.  The elastase secreted by macrophages is not inhibited by alpha-1 antu-trypsin and actually digest it.  Cigarette smoking increases the number of neurtophils and macrophages in the lungs.

NE will cause the mast cell to degranulate – releases chemotactic factors – preganglionic neuron to sympathetic to postganglion – nictoinic acetylcholine – 

Liver produces alpha-1 anti-trypsin.

There isn’t a “division” between the upper and lower lobe – one thing will effect the other.  The patient won’t just have centrilobular or panlobular – one will dominate but both will exist at the same time.

THIS WILL BE ON THE EXAM FRIDAY - PULMONAY EDEMA

Pulmonary edema is fluid in the interstitial tissue. – interstitial disease that is restrictive.

Vessel lined by endothelial.  Alveoli – lined with Type I and II epithelial cells.   The space between the endothelial cells and the epithelial cells is the interstitial tissue.  Fluid enters the interstitial tissue all the time – increase the BP a little and this will happen (walk up the stairs – J cells are out there – they can tell us to slow down).  By the time the fluid enters the alveoli space the patient will by coughing up pinkish mucous. (spitting up blood) – this is pulmonary edema – THIS SHOULD NEVER HAPPEN – the fluid should never go from the interstitial tissue into the alveolar spaces.  This creates a V/Q imbalance – most common is pulmonary edema.  (We can label is pneumonia, influenza, etc.)

This can happen very quickly – it can be as short as one hour for the fluid (blood) goes into the interstitial fluid and into the alveoli.

HIS PICURE ON THE BOARD

Normal pulmonary fluid interchange – the same factors operate as in other parts of the body.  One factor, however, is more important than others – the negative tissue pressure induced by respiration.


Alveolar capillary – venous hydrostatic pressure = 10 mmHg; Plasma osmotic pressure = 25 mmHg; tissue osmotic pressure = 3 mmHg; negative respiratory pressure 5-10 mmHg.

Filtration pressure = hydrostatic pressure + tissue osmotic pressure + negative hydrostatic pressure = 18-23 mmHg

Osmotic reabsorbing pressure = 25 mmHg

Four major causes of pulmonary edema

1. Increased venous hydrostatic pressure – escapes through endothelial cells and epithelial cells into the interstitial tissue.

a. vasoconstriction of something “downstream” will create this – shunt units (obstructive/restrictive disorder)

b. Left ventricle failure – anterior MI – blood backs up into the lungs

c. Clot development – “downstream”

d. Valve failure – blood backs up into the lungs

2. Endothelial/epithelial cell border destruction – loss of integrity of the cell walls

a. Inflammation will do this - #1 cause – elastase eats away the connective bindings and kills the cells – pneumonia

b. Exposure to gases – especially chlorine (rails = pulmonary edema)

3. Increase in tissue osmotic pressure - Lymphatic vessels drain interstitial passages – proteins get in there and clog it.  This pulls water out. (decreased plasma protein)

a. Lung infections overwhelm the lymphatic channels with proteins

b. Right sided heart failure – CHF – lymphatic channels drain into the thoracic duct which drains into the right side of the heart – if the thoracic duct backs up it creates pulmonary edema.

c. Kidney failure – protein escapes into the blood – when there is an imbalance in the osmotic pressures due to a protein imbalance we have pulmonary edema – SEE HIS NOTES

4. Excessive negative alveolar pressure - when we take a deep breath – not ventilating – creates excessive alveolar negative pressure.  Fluid from the alveolar beds gets sucked into the alveolar ducts.  About 10% of the emphysema patients get this.
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What keeps fluid from getting into the lung?  The mechanical barrier of endothelial and epithelial cells and the protein in the blood – the osmotic pressure in the blood keeps the water there.  The lymph vessels continue to drain the interstitial tissue (removes the proteins) to help with this balance.

There is a mechanism that tells the endothelial cells that they needs to release or take up protein – called pinocytosis.  


RBC, capillary, endothelial cell, interstitial tissue, epithelial cell, alveoli.


Pneumonia – inflammation of the interstitial tissue – weakens the ability of the endothelial cell to maintain the fluid balance.


Fluid naturally enters the interstitial tissue when the pressure inside the capillary bed increases – heart rate up and exercise will do this (normal is 10 mmHg but can go up rapidly when we exercise) – it pushes fluid into the interstitial tissue.  J receptors on epithelial cells react and tend to slow us down or stop us and can impede blood flow into the extremities if necessary.  Cardiac output reduces when we quit exercising, pressure goes down, and then the fluid leaves the interstitial tissue.  If the fluid stays in the interstitial tissue, we get a restrictive disease.  If it continues, the fluid will go into the alveoli and the patient will cough up blood in the sputum (pink tinged).  MDs want to ventilate and dehydrate them.  Then they have to worry about what is causing it – increasing the protein in the interstitial tissue will do this.

If the lymph nodes get clogged (cancer, etc.) then the protein doesn’t get drained.

There are 4 major causes of pulmonary edema.  See yesterday’s notes for them. 

Asthma can cause pulmonary edema but the pulmonary edema is restrictive.  The disease is not obstructive.  Don’t over-rationalize it.

Fluid building up externally – pleural effusion.


Lungs – surrounded by a membrane – visceral pleura, strongly attached to the lung surface and very vascular – NOT innervated (no pain).  Cancer in the lung, eating the visceral pleura – it won’t be painful.  There is another membrane attached to the chest wall – parietal pleura, innervated – not attached to the visceral pleura or the lungs.  The surface tension between these two membranes is what keeps the lung against the chest wall.  If anything infiltrates this space, the lung can collapse.


If the lung collapses, is re-inflated, it doesn’t always re-adhere to the chest wall so the MDs inject a sclerotic agent into the space causing the lungs to adhere to the chest wall.  If this doesn’t work, then they remove the lung.  Puncturing this space is very painful – insert chest tube to re-inflate the lung.


Three things that can get into this pleural space.  

1. Transudate – low in protein

2. Exudate – high in protein

3. Air – pneumothorax 

Fluid will settle into the lower areas of the lungs and will obscure the costophrenic angle.  Air will be at the top of the lungs.

Fluid – transudate – caused by heart failure – pulmonary edema – fluid leaking out is a serous fluid.  It will flow from both pleuras trying to find a place to balance (hydrostatic pressure increases when there is heart failure).  It makes a difference if it is Left- or right-sided heart failure, but we don’t have to know the difference for this class.  They patient will have pulmonary edema and pleural effusion both.

People may have pneumonia, get out of the hospital, but they aren’t getting better.  The xray may show a pleural effusion.  This creates a restrictive disorder.  J receptors say they aren’t moving.  The pleural effusion may take a little while to collect.  It is pulled out by sucking it out with a needle.  They check it for proteins – that’s what determines if it is a transudate or an exudate.

An exudate – greenish yellow – thick, called a pyothorax.  It is an infection (usually bacterial).  An insidious exudate – bloody – hemothorax – always means cancer (can be ruled out, but usually that’s the problem).  The cancer has eroded into the cells lining the visceral pleural – mesothelial cells.  As the cancer erodes this, blood goes to the base of the lungs. 

Mesothelioma – associated with asbestos.  The fibers got into the bottom of the lungs, the macrophages take the fibers into the lymph and possibly into the blood.  A high exposure to asbestos will overpower the lymph glands and they clog.  This increases the number of macrophages, elastin (trypsin) doesn’t dissolve the fiber, eventually the fiber gets deposited in the mesothelium.  It becomes an irritant and the cells multiply, becomes mesothelioma – creates a hemothorax.

Air – pneumothorax – collapsed lung.  The most common one happens in males, 25-35 year old, tall (over 6’2”) and skinny – spontaneous pneumothroax.  Blebs (blisters) appear on the surface of the lung right beneath the visceral pleura.  They will sit there until one of them decides to burst.  They communicate with the alveoli – the connecting pathway is a fistula – the connection between the surface and the air passages.  When one of them bursts, air enters the pleural space.  The lung collapses because the fistula collapses (about 30 minutes).  If the person has sudden SOB and pain (from the parietal pleura), the MDs will auscultate in the upper areas and hear NOTHING – no adventitious sounds.  Xray shows the pneumothorax.  ER MDs will insert a needle and allow the lung to slowly re-inflate.  It only works about 50% of the time.  Most of the time a thorax surgeon will be called in to insert a chest tube that is fixed to a drain


A tension pneumothorax – like from a knife wound – it is fatal in about 2 hours.  The lung will collapse, push on the aorta, crushes the heart.  If they cover the wound, it can’t suck more air in and will help keep this from happening.


MAJOR SYMPTOM IS SOB.  NEW NOTES UPSTAIRS for this section.  Just stuff that relates to the third exam is in the folder.


The second on asthma and neurogenic inflammation – several pages of quotes, etc., not on the test.  Understand the basis of neurogenic inflammation.  Sympatheticotonia can create this.

NO EKGs on the final.  30 questions – 20 off the old exam – no pictures.  

Info after test 3- 

Cardiorespiratory
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Cathy’s Notes

Restrictive Disease


Interstitium



Infection



Dusts, gases



Idiopathic ****Pulmonary fibrosis



Drugs, radiation



Pulmonary edema



Pleural diseases

Pulmonary fibrosis (PF) – occurs after multiple inflammatory events in the interstitial tissue


“Cryptogenic fibrosing alveolitis”


“Hamman-Rich syndrome”


“Sarcoidosis” – form of PF



Not fatal



Lasts ~ 5 years, then resolves



Males in their 20’s

Patient is given prednisone, which can lead to diabetes and other disease conditions


Constant dry cough

Pneumonia


Acute inflammation of the lung parenchyma with an outpouring of inflammatory exudate into the alveoli.  Commonly results in respiratory and systemic symptoms.

Stages –

1. Respiratory bronchiolitis – injurious agent enters interstitial tissue generally at the level of the respiratory bronchiole.

2. Desquamative alveolits – destruction of the alveolar epithelium.  Exudate enters the alveolar lumen.  Includes macrophages, neutrophils, fibroblasts, RBCs

3. Bronchiolitis obliterans – exudate fills alveolar ducts and respiratory bronchioles.  Acinus is unrecognizable.

4. Resolution or consolidation

Resolution – body rebuilds the respiratory zone normal

Consolidation – area becomes solid with fibrotic tissue laid down by fibroblasts.  If this process is shut down it leads to pulmonary fibrosis

Neurogenic inflammation – NE may lead to fibroblasts laying down excess fibrotic tissue


Picture on board – find someone’s notes to looks at – He showed which area of the system was effected by what.

Cardinal sign of most pneumonias

1. Fever >101 degrees

2. Diaphoresis

3. Chills

(All of these are the sympathetics)

Bronchiectasis – dilation of the bronchi, chronic infection


2 types

1. Tubular – tubes enlarged, filled with pus

2. Saccular – area infected becomes a sac of pus

Only cure is removal of the infected lobe.

80% is found in the lower lobe

“Linda’s Notes” by Linda Hite – These notes are not guaranteed to be complete or without errors – they are meant to be a supplement to help you study.


