CardioResp Notes Exam 2
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· Respiration - Gas exchange
· Requires air & blood in the same place at the same time
· Ventilation - Intake/expulsion of air
· ie: breathing
· Required for respirations, but it doesn't guarantee respiration
· RESPIRATORY UNIT- alveoli + Capillary
· If there is a blood clot blocking flow of blood, there will be ventilation but no respiration because there is no perfusion
· V / Q Ratio (Ventilation / Perfusion)
· V/Q imbalance is what ultimately kills us - ALL conditions threaten this
· CPR is both ventilation (rescue breaths) and Perfusion (heart pumping) to create respiration
· Step 1: Determine if it is a deficit in ventilation or perfusion
· MI - VQ Imbalance is created by reducing perfusion
· V Fib - VQ imbalance is created by reducing perfusion
· Hemorrhage - VQ imbalance is created by reducing perfusion
· Sickle Cell Anemia - Quality of perfusion is reduced (creating VQ Imbalance)
· Poor Quality Air - Quality of ventilation is reduced (creating VQ Imbalance)
· Asthma - decreases ventilation by spasm of bronchial muscle reducing exhalation
· Step 2: Ventilation, does it impair inhalation or exhalation?
· Asthma - decreases ventilation by spasm of bronchial muscle reducing exhalation
· Inhalation only serves to increase gas quantity in the alveoli, expanding it and reducing the surface area
· Emphysema - Ventilatory Disorder (Exhalation)
· Barrel-chested, unable to exhale
· REMINDER OF LUNG VOLUMES
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· NORMAL VALUES FOR ADULT MALE
· ERV = 3000ml
· TV = 500ml
· IRV = 1100ml
· VC = 4.5L
· Adult Female Values are 10% less
· Ventilatory Disorders (Reduce ventilation)
· Obstructive - Reduces Exhalation (ONLY 3)
· Not found in interstitial space, problem arises in AIRWAYS
· Asthma
· Effects the smooth mm of the respiratory bronchioles
· Smooth mm constricts
· Can be life threatening
· Status asthmaticus - pt remains in asthmatic state and is refractory to any tx, builds severe mucous in lungs
· Emphysema (COPD)
· Effects Alveolar Ducts / Sacs & Alveoli
· Life threatening
· Barrel-Chest
· PINK PUFFER
· Maintains enough Oxygen for tissue but also has excess CO2
· Bronchitis
· Occurs in conducting zone
· Not life threatening
· Patient has difficulty blowing air out, meaning there is an obstruction of some sort in the airway
· Mucous
· Glands may be in greater # or hypertrophy
· Glands stimulated by the vagus nerve (parasympathetic!)
· Smooth Mm Contraction (Broncoconstriction)
· Definition of asthma
· Airway Deterioration [SEE TEXT]
· Airways deteriorate over time due to inflammation
· During forced expiration, the airway walls will collapse
· Airway Collapse
· Edema within airways
· Air is trapped in the lungs and cannot escape
· Patient will take a deep breath, then lean forwards and forcibly expel as much air as they can through "pursed lips"
· This creates "back-pressure" to help avoid premature airway collapse
· Lungs will begin to get bigger as more and more air becomes trapped
· People with asthma don't develop barrel-chest
· Increased residual volume during asthma attack, but bronchodilators will reduce the residual volume back to normal
· Reversible airway disease
· People with emphysema DO develop barrel-chest
· Increased residual volume that cannot be reduced by therapy
· VENTILATED AIR - just "left over" will be exhaled with the next breath
· Measurement only! Lung tissue that does not participate in gas exchange
· This air is not permanently trapped!
· The tissue is unable to gas exchange
· Decreased recoil, but increased compliance of lung
· I:E Ratio becomes 1:4 (decreased ratio)
· Restrictive - Reduces Inhalation (all other resp diseases)
· Exudate, fibrosis, inflammation in interstitial tissue around alveoli - pushing inward- PARENCHYMA
· Fluid accumulation, edema prevents expansion of alveoli during inhalation
· IE: PNEUMONIA (interstitial inflammation)
· IE: Pulmonary Edema
· IE: Lung Cancer (Malignant Cells prevent expansion of alveoli)
· IE: TB and/or Fibrosis
· Restrictive disorders cause rapid shallow breathing (TACHYPNEA)
· Difficulty with inhalation, no issue with exhalation
· Functionally "small" lung
· Decreased compliance, increased recoil
· Lungs can't expand, but rather forces air out
· ALL Lung volumes decrease*** if the patient cannot re-open airways
· Etiology: infection, fibrosis, neoplasm, thrombosis, mold/fungus, dusts, CNS disease, NMS disease
· I:E ratio becomes 1:1 (increased ratio)
· Rapid shallow breathing
· TACHYPNEA
· Cystic Fibrosis - Considered Both Obstructive & restrictive
· Cysts found in lung parenchyma as well as excessive mucus in airways
 

· BOTH CONDITIONS CAUSE HYPOVENTILATION!!!
· Hypoxemia + Hypercapnea
· Respiratory Acidosis!
· They are TRYING to breathe more just to catch up to normal ventilation levels
· Both pts may be put on a ventilator to help take the strain off the pt
 

· Hyperventilation (more air) in a healthy individual will cause lightheadedness, because their V/Q ratio was FINE at regular ventilation, and with excess breathing they blow off too much CO2 causing respiratory alkalosis
· ONLY A HEALTHY INDIVIDUAL CAN HYPERVENTILATE
· Must have normal V/Q ratio
· ZONES: Conducting & Respiratory
· Gas Exchange can only occur in the respiratory zones, NOT in the conducting zones
· CONDUCTING ZONE:
· Trachea to terminal bronchioles
· Supported by cartilage
· 150ml of air volume (adult)
· Most recent air that we breathe in, first that we exhale is in conducting zone
· Oxygenated and low in CO2
· Good air for CPR
· Diseases in the conducting zone is bronchitis
· Because gas exchange doesn’t occur here there is no threat to life
· Doesn't interfere with respiration
· RESPIRATORY ZONE: 
· Respiratory Bronchioles, Alveolar Ducts / Sacs, & Alvoli
· Respiratory Bronchioles Supported by smooth muscle
· ASTHMA- Smooth mm constricts
· Can be life threatening
· Alveolar Ducts / Sacs & Alveoli
· EMPHYSEMA - destruction of respiratory surface area
· Can be life threatening
· Vital Capacity: the capacity of the lungs that can be used
· Numerical Value, can be calculated
· 150 ml from conducting zone cannot be used for gas exchange
· Properties of Lung Tissue
· Compliance
· Ability of lung tissue to expand
· Recoil
· Ability of the lung to contract
· Assisted by elastic property of tissue as well as surface tension within alveoli
· Healthy lung should have an equal ratio of compliance to recoil
· However with pathology they have an inverse relationship
· ↑ compliance = ↓ recoil
· ↓ compliance = ↑ recoil
· Obstructed Lung (can't exhale)
· Has reduced recoil but excellent compliance
· Development of barrel chest
· Restricted Lung
· Fibrous tissue prevents expansion of lung, but allows excellent recoil
· ↓ compliance + ↑ recoil
· Pneumonia
· Ventilation
· Inhalation to Exhalation Ratio 
· (1:2) means we spend twice as much time exhaling as we do inhaling 
· Ratio is 1:4 in obstructive disorders (decreased Ratio)
· Ratio is 1:1 in restrictive disorders (increased Ratio)
· Ventilation can be measured by Arterial Blood Gasses (ABG)
· NORMAL Values
· PaO2  95-100mmHg
· PaCO2  40-45mmHg
· pH
· HCO3-
· Low O2 with High CO2 
· Obvious Respiratory deficiency (Not correct gas exchange)
· V/Q imbalance
· If perfusion is normal, check ventilation
· Check ventilation by Pulmonary Function Study
· FVC- Forced Vital Capacity
· Max breath in + max breath out
· MEASURE AIR OUT!
· Depends on gender, height, age
· Decreased FVC = Decreased Ventilation 
· Once you know it IS a ventilation disorder, decide whether it is restrictive or obstructive
Diagnosis
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· How do you know if respiration is occurring properly?
· Arterial Blood Gasses Measured
· Respiratory Acidosis
· ↓ PaO2     ↑PaCO2    ↓pH
· Doesn't cause gasping breaths, instead causes lethargy
· How do you know if ventilation is occurring properly?
· FVC = Forced Air Out
· Indicates ventilated portion of the lung
· If Residual volume is increased, innate wants to maintain our vital capacity
· It does this by increasing TOTAL lung capacity
· Barrel Chested
· Adaptive Physiology
· We increase our breaths per minute (dyspnea)
· Mechanical phenomenon
· Loss of movement of respiratory mm
· IE: Exercise in a healthy person doesn't cause abnormal blood gasses, however we still feel short-of-breath
· WHY????????
· How do you know if it is obstructive or Restrictive
· V/Q Ratio
· Ventilatory Disorders - both cause decreased V (LOW ratio) (↓FVC)
· Obstructive
· Decreased air out
· Restrictive
· Decreased air in
· Perfect V/Q Ratio is 1:1
· In healthy humans, the best ratio is only .8 due to gravity
· (See zone 1-3 physio)
· In lower lung blood>air
· In upper lung air>blood
· Ventilatory disorders cause LOW V/Q RATIO
· Shunt unit
· Respiratory unit with less ventilation than blood
· BOTH obstructive & restrictive have SHUNTS
· WASTED BLOOD***
· In a shunt, innate tries to correct V/Q ratio
· By increasing ventilation - TACHYPNEA
· By changing I:E ratio
· By decreasing perfusion - VASOCONSTRICTION
· HYPOXIC VASOCONSTRICTION
· Pulmonary Hypertension
· Right Heart Stresses
· Right V Hypertrophy
· P Pulmonale
· Congestive Heart Failure
· SILENT UNIT (Low V & Low Q)
· No blood or air
· Increased RV!!!! 
(tissue not doing gas exchange)
· EMPHYSEMA
Pts with Emphysema carry portable oxygen to help reduce hypoxia, and MAINLY to allow capillaries to produce NO causing vasodilation. Breathing in oxygen creates higher partial pressures, which forces its way in and helps open up capillaries.

GIVING THEM OXYGEN COULDN'T INCREASE V
It did however increase blood O2 and opens up a silent unit into a shunt.

· FEV1 - Forced Expiratory Volume
· Amount of air exhaled in the first second of FVC
· Should be 80% of FVC
· IF DECREASED FEV1 = OBSTRUCTIVE
· Obstructive = trouble blowing air out!
· Loss of elastic recoil due to airways that are blocked or collapsed
· Asthma, bronchitis, emphysema
· IF INCREASED FEV1 = RESTRICTIVE
· Loss of compliance caused increase recoil, which pushes the air out more forcibly upon exhalation
· TLC - Total Lung Capacity
· Decreased = Restrictive
· Decreased Compliance causes ALL decreased volumes
· Hypo-inflated
· Increased = Obstructive
· Functionally enlarged lung, hyper-inflated
· Air "stuck" in the lungs
· Increases TLC & RV
· RV - Residual Volumes
· Decreased = Restrictive
· Decreased Compliance causes ALL decreased volumes
· Hypo-inflated
· Increased = Obstructive
· Functionally enlarged lung, hyper-inflated
· Air "stuck" in the lungs
· Increases TLC & RV
· If MORE THAN HALF of TLC is the RV, that means 50% can't do gas exchange!!!
 

 Venous Admixture
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· Besian Blood Supply
· Feeds the lungs
· Has already been used up, and gets mixed in with the blood entering Left ventricle
· Acceptable levels < 3%
· Cyanosis @ 6%
· Low V/Q will add to the venous admixture, because some blood is shunted through the lungs and doesn't get ventilated
· Some of the blood leaving the Leaving the lungs is used up by the lungs before it hits the left vent (3-5%)
· Atelectasis
· Absorptive
· Excessive mucus blocking airway
· RV in alveoli is absorbed by the tissue
· Without air in the alveoli, it collapses
· This creates an Absolute Shunt
· Eventually the body will shut off the blood supply to this unit/lobe, creating a SILENT UNIT
· The blood is re-routed to places where there is good ventilation
· A single unit collapsing in a normal person will not effect blood gasses, because the lungs as a whole still have a good V/Q balance
· A person with pneumonia who has numerous shunts & silent units, will eventually run out of places with good ventilation where they can re-route the blood to
· Intrapulmonary shunting
· Even in healthy people!
· About 10% of a healthy lung is involved in shunting
· There are areas that are not very effective in as exchange, the blood is headed for areas that have less-than-optimal ventilation (ZONES)
· This causes a Low V/Q ratio in areas of healthy lung!
· If these areas of the lung become above 10-25% we see a decreased PaO2
· This hypoxemia can be resolved by giving the pt oxygen
· After 30% shunting, oxygen doesn't work to resolve the hypoxemia
· Absolute Shunt
· CO2 is still being blown off, so that they do not become acidotic
· After 50% shunting, CO2 begins to build up in the lungs and therefore the blood, causing respiratory acidosis
· The body tries to accommodate for developing pneumonia (Low V/Q)
· Increase Breaths per minute (shallow)
· Can't breathe deeper (no compliance)
· To try and increase ventilation
· Body will increase RBCs (HCT) in order to deliver more oxygen to tissues
· Attempting Prevent hypoxemia
· However, there is not more oxygen available for RBCs to carry
· Increasing HCT increases the viscosity of the blood, therefore increasing the strain on the R Ventricle
· The increased # of RBCs now have to carry the same amount of oxygen, and therefore leave the lungs less-than-saturdated
· When the semi-saturated RBCs reach the target tissue, the 2,3-DPG on the cell surface will cause them to decrease their affinity for oxygen and release more onto the cell
· However this decreased affinity remains with the RBCs while they head back through circulation, and when they reach the lungs again, the still decreased affinity causes them to pick up less oxygen
· As ventilation continues to decrease, CO2 builds up, decreasing the pH
· This reduces RBCs affinity for oxygen even further (Bohr Effect)
· WE NEED >90% SATURATION OF Hb!!!!!!!!!!! (measure with oximiter)
· If the saturation is low, its BAD
· If its normal, the chances are that its ok, but no guarentee
Chemoreceptors
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· Peripheral
· Sensisitve to pH & O2
· Medullary (Central)
· Sensitive to CO2
· Dorsal & Ventral Groups (DIVE)
· Blood Gasses & Bicarb
· Oxygen Below 60 the peripheral chemoreceptors kick in
· Oxygen Below 30 the peripheral chemoreceptors give up
· DYSPNEA
· Shortness of breath
· Not chemical!!!
· Mechanical!!!!
· Ie: rib out
· COPD - pt always have hypercapnea
· Bicarb can't necessarily cross capillary, must be pumped to protect CNS
· Central chemoreceptors are desensitized and are no longer working
 

· Hypoxia
· Alveolar Hypoxia (Low V/Q)
· Alveoli not ventilated, low levels of oxygen in the alveolus
· Stagnant Hypoxia (High V/Q)
· Well ventilated, but insufficient blood flow to pick up the available oxygen
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