Respiratory
Intro, Anatomy, etc.


Histology, Anatomy:  you can review, but not really tested


Gas Laws:  review, not really tested

Pulmonary Function Tests


(Lost of TQs from here)


Memorize normal PO2, PCO2, etc




PO2
Atmospheric
160




Alveolar

100




Arterial

90




Mixed Venous
40


Lung Volumes



Tidal Volume (500mL)
Normal Breathing



Inspiratory Reserve
Maximum that can be Inspired (in addition to tidal volume)



Expiratory Reserve
Guess what this one is



Residual Volume

ALWAYS in lung (cannot be measured)

Combined Lung Capacities



Vital Capacity

=
Tidal Volume + IRV + ERV (max gas exchange in 1 breath)



Total Lung Capacity (6L)
=
Vital Capacity + RV



Functional Residual
=
RV + ERV (remaining gas in lung AND airways)



Inspiratory Capacity
=
Tidal Volume + IRV

Gas Dilution

C1 * V1 = C2 * V2


V2 = V(initial) + FRC


Used to estimate FRC (and hence residual volume)
Ventilation


Expiratory Flow Curves

Forced Vital Capacity (FVC)(volume expired with max effort)


FEV1.0 

= 
Volume expired in 1 second



Volume NOT Flow



Normal = 4L


FEV1.0/FVC
=
Predicts Pulmonary Obstructive




Normal = 80% (in 1st second)





(so, 4 of 5 L out in 1st second)


FEF25-75

=
25% - 75% of vital capacity





(Forced Expiratory Flow)


Rest of Tests were not tested (you can review if you like)

Diseases

Draw Graphs on Board


Obstructive
Can’t get gas OUT (‘O’ and ‘O’)




Ex:  Emphysema, Asthma




FEV1.0/FVC = Decreased (~40%)


Restrictive
Can’t get gas IN




Lung Chest wall is stiff, so can’t inhale as well




Ex: Fibrosis, Interstitial Lung Edema




FEV1.0/FVC = Increased (~90%)

Lung Chest Wall Mechanics

Compliance

=
“stretchability”






In Nelsonese:  Transmural pressure required to produce a volume 






change when there is no gas flow






In English:  High compliance means not much pressure needed to 






stretch it






Major mechanism affecting pulmonary mechanics at REST


Lung Compliance

=
Greatest at FRC






Why does that make sense?  (lung as rest)


Static Compliance 
=
NO Gas Movement


  (elastic property


Relationship btw pressure and volume (b/c no gas flow)


Dynamic Compliance
=
Gas Flow


  (elastic property)

Relationship btw pressure and flow


Boyle’s Law

=
Volume increase ( Pressure Decrease



(-) pressure sucks



(+) pressure blows


(-) pleural pressure ( increase lung volume ( lowers alveolar pressure ( gas movement into lungs



why?  Higher pressure in airways and lower pressure in alveoli


1 cm3 = 1 mL H2O

Draw Volume/Pressure Graph



Surfactant



Hysteresis (diff in pressure btw inspiration and expiration)


Surfactant



Surface Tension – ONLY when gas/liquid interface





Lungs lower it by surfactant



Works best at lower volumes 


Law of Laplace


The smaller alveoli have higher surface tension, so if no surfactant, lung would just be one big 


alveolus

Elastic Properties of Chest Wall

Works as single unit to determine compliance


At FRC, chest wall outward recoil matches inward recoil of the lung



In English:  The chest wall is trying to go out and the lungs are trying contract so they balance 




each other out.  


Exhalation is passive in normal breathing

@ Low lung volumes, bronchioles become smaller, so resistance is higher

Non-elastic properties of Pulmonary System


Static = Compliance


Dynamic = Resistance

Sympathetics


β-2 Receptors


Increase Bronchodilation


Decrease Airwary Secretions


Dilators:

Norepinephrine, Atropine, CO2


Constrictiors:
Acetylcholine, Histamine

More Elastic Property Stuff


Poiseuille’s Law



Know what happens with change in radius

Greatest Resistance

3rd to 10th generation airways (TQ!)

Exhalation

Radius of airways is decreasing ( increase resistance

Basically:
Increase Volume ( Decrease Resistance

Interaction between static/dynamic

Mechanical Ventilation

Draw Graph on board

Increase of any of these will increase Peak Inspiratory Pressure (PIP)


1.
PEEP
= Resting end-expiratory potential


2.
Compliance of Lung Chest Wall


3.
Pressure by Gas Flow through Airway Resistance



Plateau



End-Expiratory Hold



Pressure of Static Compliance is Area of Graph (without the ‘bump’ to PIP)


Dynamic Compliance is Area of ‘bump’


Greater difference between PEEP & Plateau means it is stiffer


low static compliance, so high pressure (b/c PEEP & Plateau are pressures)

Greater difference between PIP & Plateau


Low dynamic compliance
SESSION 2

Ventilation


Getting rid of Carbon Dioxide


Gas Transport of CO2


Dissolved CO2 ( diffuses into interstitial fluid ( Capillary ( Plasma ( Diffuse to RBC ( 


Change by Carbonic Anhydrase ( H ion buffered by Hb ( HCO3/anion exchange ( Carbamino Hb

Arterial Blood



90% of CO2 in HCO3 form



5% in Carbamino form (bound to Hb)



5% dissolved

CO2 curve v. O2 curve


Differences

1) Higher total content of CO2 in blood at any partial pressure (b/c CO2 diffusion limited)

2) Curve is steeper than O2 curve (almost linear)

3) No plateau or Max CO2 content (so, no saturation, b/c CO2 dissolves easier in blood)

Increase in O2 will lead to right shift for CO2 (more in blood)


Haldane Effect


The promotion of carbon dioxide dissociation by oxygenation of hemoglobin.  (what we just said 


above)
Increase in O2 in pulmonary blood ( Decrease CO2 on Hb ( More Dissolved CO2 ( Increase in PCO2 ( Driving force increases ( Diffusion rises ( Plasma ( Alveoli ( Exhaled


Read the stupid details

Gas Exchange 



Occurs in alveolus with O2 leaving the alveolus and CO2 entering


Hyperventilation = Hypocapnea



Hypoventilation = Hypercapnea


Mechanical Sequence Resulting Gas Movement



Think Transmural Pressure



Chest wall expands ( (-) pressure in alveoli( gas flow into alveoli



(+) Pressure causes exhalation (wow!)



Quiet Inspiration



Active




Requires Skeletal Muscles



Quiet Exhalation




Passive




Due to Elastic recoil of Inspiratory muscles



Forced Exhalation




Aided by Internal Intercostals, and Internal Abdominal Pressure on Diaphragm



Graph of different flow charts
Regional Ventilation of Upright Lung and Gravity


Apex of Lung



More (-) pressure



Stretch of Alveoli is greater


@ high volume there is lower compliance


Less Blood Flow



More Dead Space (decreased perfusion)


Base of Lung



Less (-) Pressure


Less Alveolar Stretch



More volume than apical alveoli during inspiration



More compliant than apex at higher volume



More blood flow



Less Dead Space


When there is no airflow, alveolar pressure = atmospheric pressure
Determinants of PaCO2



VcO2/VO2


Figure out formulas


Dead Space Ventilation



Gases that don’t participate in exchange


Wasted as dead space ventilation (VD)



Happens because there is no perfusion



(so where is there more dead space? Why?)



Anatomic




Airway Structures



Pathological



Messed up alveoli or there is no perfusion


Physiological




Pathological + Anatomical



Summary:




Ventilation with Perfusion, so NO Gas Exchange

Oxygenation

Role of Hemoglobin


Review this


P50



Partial pressure when 50% of O2 is removed



The higher the P50, the easier it is to remove O2 from Hb (so right shift)

Right Shift 

1) Increase in PCO2

2) Increase in H+ ion (Bohr Effect, NOT Bore Effect)

3) Increase in Temperature

4) Increase in 2, 3-bPG

Remember Haldane Effect

Allows high amount of CO2 to be released in lung


Also allows high amounts of CO2 to be loaded in tissue

Bohr Effect


(Nelson’s Lecture)


Effect is in rest of body (pulmonary capillaries)


H+ ion stabilizes Hb


Pulmomary Capillary



Left shift



Hb has higher affinity for O2, and loads easier


Systemic Capillary



Higher CO2, so opposite & right shift

Context of O2 in Blood


Already mentioned


Read box about Pulse Oximetry
Process of tissue oxygenation

Oxygen in Air ( Lungs ( Diffuses across alveoli ( Alveolar Capillary Bed ( Pulmonary capillary bed ( O2 diffuses onto RBC ( Hb ( RBC releases CO2 into alveoli (via HCO3) ( O2 unloads from Hb and diffuses into plasma ( across systemic capillary endothelium ( Interstitium ( Cell ( Mitochondria

Arterial Hypoxia


Responsive

1) Ventilation/Perfusion Imbalance
a. Some parts hypoventilated (good parts of lung can compensate)

b. O2 can fix

2) Low PiO2

a. High Altitudes

b. Gas Mixture errors for divers

c. Low PaO2

3) Global Hypoventilation

a. Increase in PaCO2
b. Uniform Ventilation/Perfusion but Hypoventilated

c. Mainly due to narcotics

d. Disrupts central respiratory control centers

4) Impaired Diffusion

a. Thickened alveolar capillaries b/o fibrosis/edema

Refractory (NOT responsive to O2)

1) Right to Left shunt

a. Example: PDA

b. NOT associated with CO2 retention
c. O2 doesn’t help b/c O2 can’t reach shunted blood

2) Mixed Venous Desaturation (low SvO2)

a. Low cardiac output, anemia
Diffusion of Oxygen

1) In Gas Phase

2) Across Gas-Blood Barrier

3) Chemical reaction in plasma and RBC

Ease of Diffusion depends on:
1) Surface Area

2) Membrane Thickness

3) Molecular weight of gas and solubility

In exercise, blood goes through lung quickly, so diffusion is not as fast as perfusion

O2 is perfusion limited

CO2 is diffusion limited

Ventilation/Perfusion Matching

Base of lung ventilates more and receives more blood than apex

@ apex, high ventilation, but low blood flow, so higher cO2 and lower cCO2  than base
V/Q Ratio

= 0
No ventilation, so shunting


= 1
Ventilation and perfusion


= ∞
Ventilation ONLY, perfusion, so Dead Space

Low V/Q


Oxygen Responsive


Low Ventilation but normal perfusion


Hb NOT saturated
V/Q = 0

Refractory b/o shunting (blood never reaches alveoli)

Control of Breathing.

Chemoreceptors



MOST important in Medulla




Detect change in pH by detecting pCO2 in CSF


Medulla



Sets Rate, Rhythm, Volume


Pontine Pneumotaxic Center



Modifies periodicity, frequency, volume


Dorsal Respiratory Group



Inspiratory Neurons


Ventral Respiratory Group



Inspiratory and Expiratory



Stops inspiration to allow passive expiration


Memorize the graph of CNS control


J Receptors



Active in feeling of dyspnea in pulmonary edema and compliance states

Central Organization of Respiratory Control

Herring-Breuer Reflex



Deep inspiration



Afferent pathway via the Vagus



Inhibits further inspiration



Can only breath in so far


Cheyne-Stokes Breathing



Tidal Volume waxes & wanes



Recurrent periods of apnea



Either delayed or over-reactive receptor feedback

Apneustic Breathing



Pontine damage



Deep inspiration and slow frequencies


Biots Breathing



We didn’t have to know it


Kussmaul Breathing



Deep rapid ventilation



No end expiratory pause



Hypocapnea in response to profound acidosis

Chemical Control of Breathing


Central:

CO2 is potent vasodilator


Peripheral:
Carotid/Aortic Bodies




Ventilation increases with increased PaCO2




If NO peripheral receptor, brain hypoxia will depress ventilation


Hypercarbia is the STRONGEST stimulus to breathe in CNS

In Peripheral, PO2 is stronger


Pulmonary Mechanoreceptors
1) Stretch Receptors
a. Active VRG (-) inspiration

2) Irritant Receptor

3) J Receptor

a. Stimulated by Inflammation

b. Interstitial Edema

Pulmonary Blood Flow, Blood Pressure, Vascular Resistance


Zone 1:

Palveolar > Parterial > Pvenous



Vessels collapse




No perfusion




NOT in normal lung (in Positive Pressure Ventilation)

Zone 2:

Parterial > Palveolar > Pvein



Partial collapse




Less flow 




High V/Q Ratio


Zone 3:

Parterial > Pvein > Palveolar



No collapse




VERY high V/Q ratio




Gas exchange
END OF DES

THANK YOU FOR LAUGHING AT OUR JOKES

DON’T FORGET THE DISCLAIMER:  KNOW EVERYTHING!

PLEASE PRAY FOR US, WE WANT TO LEAVE GRENADA.

WE ACCEPT TIPS, CASH ONLY PLEASE.

PLEASE KEEP OUR JOKES ABOUT THE PROFESSORS BETWEEN US.

GOOD LUCK ON FINALS

HAPPY STUDYING

NEELAY & SUNIL
