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Lung Embryology

Å,ÕÎÇ ÂÕÄ ɉȰÒÅÓÐÉÒÁÔÏÒÙ ÄÉÖÅÒÔÉÃÕÌÕÍȱɊ
ÅOutgrowth of foregut (future esophagus)

ÅForms during 4th week of development



Lung Maturation 
Stages/Periods

ÅPsuedoglandular (5-16wk)

ÅCanalicular (16-26wk)

ÅSaccular (26wk-birth)

ÅAlveolar (after birth)



Lung Anatomy

ÅBronchi
ÅHyaline cartilage

ÅBronchioles
ÅNo cartilage

ÅTerminal Ą respiratory

ÅAlveoli
ÅCapillaries

ÅGas exchange

Wikipedia/Public Domain

Wikipedia/Public Domain



Lung Anatomy

Wikipedia/Public Domain



Lung Anatomy

Wikipedia/Public Domain



Pseudoglandular Period
5-16 weeks

ÅLungs resemble a gland

ÅBranching to level of terminal bronchioles

ÅNo respiratory bronchioles or alveoli present

Wikipedia/Public Domain



Fetal Respiration

ÅFetal breathing movements occur in utero

ÅBaby aspirates amniotic fluid

ÅStimulates lung development

ÅGrowth of respiratory muscles

ÅImportant for growth during pseudoglandularphase



Fetal Respiration

ÅOligohydramnios:
ÅPulmonary hypoplasia

Å0ÁÒÔ ÏÆ 0ÏÔÔÅÒȭÓ ÓÅÑÕÅÎÃÅ

ÅCaused by fetal kidney abnormalities 



Canalicular Period
16-26 weeks

ÅTerminal bronchioles divide 

ÅForm respiratory bronchioles

ÅRespiratory bronchioles divide into alveolar ducts

ÅSurvival after birth possible at end of period

Wikipedia/Public Domain



Canalicular Period
16-26 weeks

ÅAirway lumens become larger

ÅType II pneumocytes form
ÅProduce surfactant

ÅLowers surface tension

ÅKeeps alveoli open

Wikipedia/Public Domain



Saccular Period
26 weeks -birth

ÅTerminal sacs (primitive alveoli) form

ÅCapillaries multiply in contact with alveoli

Wikipedia/Public Domain



Alveolar Period
After birth

ÅAt birth, only about 1/3 of alveoli present

ÅFollowing birth:
Åᴻ ÎÕÍÂÅÒ ÏÆ ÒÅÓÐÉÒÁÔÏÒÙ ÂÒÏÎÃÈÉÏÌÅÓ ÁÎÄ ÁÌÖÅÏÌÉ

ÅContinued lung development through age 10



Alveolarization

ÅAirspaces subdivided 

ÅNew walls formed (septa)

Johannes Schittny. Cell Tissue Res. 
2017; 367 (3) 427



Bronchopulmonary Dysplasia

ÅOccurs in premature infants 

ÅTreated in NICU 

ÅSurfactant, oxygen, mechanical ventilation

ÅOxygen toxicity and lung trauma

ÅAlveolarization does not progress normally

ÅRespiratory problems during infancy

ÅOften improves during childhood



Johannes Schittny. Cell Tissue Res. 
2017; 367 (3) 427



Pulmonary Hypoplasia

Å/ÌÉÇÏÈÙÄÒÁÍÎÉÏÓ ɉ0ÏÔÔÅÒȭÓ ÓÅÑÕÅÎÃÅɊ

ÅCongenital diaphragmatic hernia
ÅDefective formation pleuroperitoneal membrane

ÅHole in diaphragm

ÅAbdominal organs herniate into chest

ÅIn utero herniation Ą pulmonary hypoplasia 

ÅOften fatal



Bronchogenic Cysts

ÅAbnormal budding of foregut 

ÅUsually found in mediastinum

ÅContain clear fluid 
ÅAir seen when infected



Bronchogenic Cysts

ÅDo not communicate with lungs

ÅLined by respiratory epithelium 
ÅColumnar, ciliated

ÅWalls contain cartilage (diagnostic criteria)

ÅOften asymptomatic

ÅMay lead to pneumonia, compression of airway





The Radiology Assistant



Pulmonary Vascular Resistance

ÅIn utero
ÅPVR is high

ÅCanalicular stage: few/no pulmonary capillaries

ÅLater stages: hypoxemia Ą vasoconstriction

ÅUmbilical venous blood: PaO2 30mmHg; O2sat=80%

ÅOnly about 10% of cardiac output to lungs

ÅAt birth
ÅPVR falls significantly

Å100% cardiac output through lungs



Pulmonary Anatomy
Jason Ryan, MD, MPH



Respiratory Tract



Zones

ÅConducting Zone
ÅNo gas exchange

ÅLarge airways, nose, pharynx, trachea, bronchi

ÅFilters, warms, humidifies air

ÅAnatomic dead space

ÅRespiratory Zone
ÅGas exchange

ÅRespiratory bronchioles, alveolar ducts, alveoli



Pintrest/Public Domain



Lung Anatomy



Bronchi and Bronchioles

ÅBronchi (cartilage)
ÅPrimary (left and right) 

ÅSecondary/lobar

ÅTertiary/segmental

ÅBronchioles (no cartilage)
ÅLobular/large

ÅTerminal

ÅRespiratory (feeds alveoli)



Airway Cells

ÅGoblet cells
ÅSecrete mucus

ÅMostly glycoproteins and water

ÅProtects against particulates, infection

ÅCiliated epithelial cells
ÅBeating cilia move mucus to epiglottis

ÅMucus swallowed

ÅClub cells (bronchioles)
ÅNon-ciliated epithelial cells

ÅSecrete protective proteins

ÅDetoxification (P450 enzymes)



Wikipedia/Public Domain



Respiratory Epithelium

ÅTrachea and bronchi
ÅCiliated pseudostratified columnarepithelial cells

ÅGoblet cells

ÅBronchioles
ÅEpithelium transitions

ÅForms ciliated simple cuboidalepithelium

ÅClub cells (terminal bronchioles)

Wikipedia/Public Domain



Smooth Muscle 

ÅConducting airway walls contain smooth muscle

ÅSympathetic activation (beta-2)
ÅBronchodilation

ÅParasympathetic activation (M3)
ÅBronchoconstriction

Patrick Lynch/Wikipedia



Zones Cartilage/
Goblet Cells

Smooth 
Muscle

Cilia

(some)



Resistance to Air Flow

ÅUpper airways about 50% resistance 
ÅNose, mouth, pharynx

ÅLower airway resistance
ÅHighest in medium bronchi (turbulent flow)

ÅLowest in terminal bronchioles - slow laminar flow
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Air vessel size



Alveoli

ÅSmall sacs

ÅSeparated by septa

ÅSimple squamous epithelium (pneumocytes)

ÅGas exchange

ÅSurrounded by capillaries

Helix84/Public Domain



Pneumocytes
Alveolar Epithelial Cells

ÅType 1
ÅMost common (97% of cells)

ÅThin for gas exchange

ÅType 2
ÅProduce surfactant

ÅCan proliferate to form other cell types

ÅKey for regeneration after injury

ÅAlveolar macrophages

Public Domain



Surfactant

ÅExhale Ą alveoli shrink

ÅCollapse Ą atelectasis

ÅȢ  ÅÆÆÉÃÉÅÎÃÙ ÇÁÓ ÅØÃÈÁÎÇÅ

ÅSurfactant prevents collapse of alveoli

Medical Graphics/Public Domain



Surfactant

ÅSecreted by type 2 pneumocytes

ÅMix of lecithins (lipid substance)

ÅEspecially dipalmitoylphosphatidylcholine

Medical Graphics/Public Domain



Surface Tension

ÅAlveoli lined with film of liquid

ÅLiquid-liquid forces shrink surface area into sphere

ÅSurface tension = liquid-liquid forces



Law of Laplace

ÅDetermines collapsing pressure
ÅForces tending to collapse alveoli 

ÅLow collapsing pressure = easy to remain open

ÅHigh collapsing pressure = difficult to remain open

Collapsing Pressure = 2 * (surface tension)

radius



Law of Laplace

ÅLungs contain many small alveoli

ÅSmall radius = high distending pressure

ÅNeed low surface tension to remain open

ÅSurfactant reduces surface tension

ÅIncreases lung compliance (less stiff, more floppy)

Collapsing Pressure = 2 * (surface tension)

radius



Law of Laplace

Large 
Alveolus

Small 
Alveolus

Small 
Alveolus 

Surfactant

Low Collapsing
Pressure

High Collapsing
Pressure

Low Collapsing
Pressure

Collapsing Pressure = 2 * (surface tension)

radius



Fetal Lung Maturity

ÅLungs ȰÍÁÔÕÒÅȱwhen adequate surfactant present

ÅOccurs around35 weeks

ÅLecithinɀsphingomyelin ratio (L/S ratio) 

ÅBoth produced equally until ~35 weeks

ÅRatio >2.0 in amniotic fluid suggests lungs mature



Neonatal RDS
Neonatal Respiratory Distress Syndrome

ÅSurfactant deficiency

ÅHigh surface tension

ÅAtelectasis

ÅDecreased lung compliance

Å(ÙÐÏØÅÍÉÁȾᴻ Ð#/ς ɉÐÏÏÒ ÖÅÎÔÉÌÁÔÉÏÎɊ

ÅPoorly responsive to O2

ÅLungs collapsed (alveoli)

ÅIntrapulmonary shunting



Neonatal RDS
Risk Factors

ÅPrematurity

ÅMaternal diabetes
ÅHigh insulin levelsdecrease surfactant production

ÅCesarean delivery
ÅBaby spared stress response at delivery

ÅReduced fetal cortisol 

ÅReduction insurfactant



Neonatal RDS
Complications

ÅBronchopulmonary dysplasia
ÅOxygen toxicity 

ÅAlveolarization does not progress normally

ÅRespiratory problems during infancy

ÅPatent ductus arteriosus
ÅHypoxia keeps shunt open

ÅRetinopathy of prematurity 
ÅOxygen Ą free radical formation

ÅNeovascularization inthe retina

ÅRetinal detachment Ą blindness



Neonatal RDS
Prevention and Treatment

ÅPreterm delivery: betamethasone
ÅCorticosteroid 

ÅGiven to mother to stimulate surfactantproduction

ÅTreatment: surfactant 
ÅAdministered via endotracheal tube

Wikipedia/Public Domain



Lobes

Image courtesy of Patrick J. Lynch, medical illustrator

Right Upper Lobe

Right Middle Lobe

Right Lower Lobe

Left Upper Lobe

Left Lower Lobe



Right Upper Lobe



Right Middle Lobe



Right Lower Lobe



Left Upper Lobe



Left Lower Lobe



Foreign Body Aspiration

ÅCommonly occurs in children (peanuts) 

ÅRight lung is more common site of aspiration
ÅRight bronchus wider with less angle 

ÅMore vertical path to lung

ÅRight lung: 60% cases
ÅMajority in main bronchus

ÅSmall number in right lower lobe bronchus

ÅLeft lung: 23% cases
ÅMajority in main bronchus

ÅSmall number in left lower lobe bronchus 

Source: Eren et al. Foreign body aspiration in children: experience of 1160 cases. 
Ann Trop Paediatr. 2003;23(1):31.



Mediastinal Anatomy

Right Artery
Anterior

Left Artery
Superior

Right
Anterior
Left 
Superior



Mediastinal Anatomy

Ao

Ao

PA

Carina



Mediastinal Structures

ÅMediastinum: space between lungs

ÅDivided into 3 anatomical compartments
ÅAnterior

ÅMiddle

ÅPosterior

ÅDifferential diagnosis of mass varies by compartment



Mediastinal Compartments



Mediastinal Structures

Compartment Major Structures Masses

Anterior
Thymus, 

internal mammary arteries, 
lymph nodes

Thyroid, 
Thymic neoplasm, 

Teratoma, Lymphoma

Middle
Pericardium, heart, aorta, 

airway and esophagus

Lymphadenopathy: 
lymphoma, sarcoid, or 
metastatic lung cancer

Posterior
Spine, 

nerves and spinal ganglia
Neurogenic tumors: 

schwannoma, 
neuroblastoma 



Anterior Mediastinal Masses
Terrible Ts

ÅThymic masses
ÅHalf of anterior masses derive from thymus

ÅThymoma: associated with myasthenia gravis

ÅTeratoma or germ cell tumors in adults
ÅMediastinum: most common location extra nodal GCT

ÅTeratomas, seminomas

ÅTerrible lymphomas

ÅThyroid growths
ÅEnlarged or ectopic thyroid tissue may present as mass

ÅUsually connected to thyroid gland



Diaphragm



Diaphragm

ÅCaval opening
ÅT8

ÅInferior vena cava 

ÅEsophageal hiatus
ÅT10

ÅEsophagus, Vagus nerve

ÅAortic hiatus
ÅT12

ÅAorta, thoracic duct, azygous vein



Diaphragm

ÅInnervated by C3, C4, C5 (phrenic nerve)

ÅDiaphragm irritation ĄȰÒÅÆÅÒÒÅÄȱ ÓÈÏÕÌÄÅÒ ÐÁÉÎ
ÅClassic example: gallbladder disease

ÅAlso lower lung masses

ÅIrritation can cause dyspnea and hiccups

ÅCut nerve Ą diaphragm elevation, dyspnea
ÅȰ0ÁÒÁÄÏØÉÃÁÌ ÍÏÖÅÍÅÎÔȱ ĄMoves up with inspiration

Å#ÁÎ ÓÅÅ ÏÎ ÆÌÕÏÒÏÓÃÏÐÙ ɉȰÓÎÉÆÆ ÔÅÓÔȱɊ



Muscles of Quiet Respiration

ÅDiaphragm Ą inspiration

Å%ØÈÁÌÁÔÉÏÎ ÉÓ ÐÁÓÓÉÖÅ ×ÉÔÈ ÎÏÒÍÁÌ ɉȰÑÕÉÅÔȱɊ ÂÒÅÁÔÈÉÎÇ

Public Domain



Exercise Breathing

ÅInspiration (neck)
ÅScalenes ɀraise ribs

ÅSternocleidomastoids ɀraise sternum

ÅExhalation (abdomen)
ÅRectus muscle

ÅInternal/external obliques

ÅTransverseabdominis

ÅInternal intercostals

ÅUse of accessory muscles in respiratory distress
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Lung Volumes

Image courtesy of Michal Komorniczak, Medical Illustrations

Time



Lung Volumes

ÅTidal volume (TV)
ÅIn/out air with each quiet breath

ÅExpiratory reserve volume (ERV)
ÅExtra air pushed out with force beyond TV

ÅRV remains in lungs

ÅInspiratory reserve volume (IRV)
ÅExtra air can be drawn in with force beyond TV

ÅLungs filled to capacity

ÅResidual volume (RV)
Å!ÉÒ ÔÈÁÔ ÃÁÎȭÔ ÂÅ ÂÌÏ×Î ÏÕÔ ÎÏ ÍÁÔÔÅÒ ÈÏ× ÈÁÒÄ ÙÏÕ ÔÒÙ



Lung Capacities
Capacity = sum of two volumes

ÅTotal lung capacity
ÅSum of all volumes

ÅRV + ERV+ IRV + TV

ÅInspiratory capacity
ÅMost air you can inspire

ÅTV + IRV

ÅVital capacity
ÅMost you can exhale

ÅTV + IRV + ERV



Lung Capacities
Capacity = sum of two volumes

ÅFunctional Residual Capacity
ÅResidual volume after quiet expiration

ÅRV + ERV

ÅVolume when system is relaxed

ÅEquilibrium: chest wall pulling out = lungs pulling in



Lung Pressures

ÅAtmospheric pressure = 760 mmHg = 0 mmHg

ÅAlveolar pressure = pressure within alveoli

ÅIntrapleural pressure = pressure in pleural space

ÅTranspulmonary pressure
ÅAlveolar pressure ɀintrapleural pressure

ÅPressure across walls of alveoli

ÅNecessary to keep alveoli open



Transpulmonary Pressure

ÅAlveolar Pressure ɀIntrapleural Pressure

Alveolus

Intrapleural Space

Chest WallTPP



Transpulmonary Pressure

ÅAlveolar Pressure ɀIntrapleural Pressure

+5

+5

TPP

TPP = 5 ɀ5 = 0

0

-5

TPP

TPP = 0 ɀ(-5) = +5 



Intrapleural Pressure

ÅNegative during normal quiet breathing

ÅAlveoli and lungs tend to collapse
ÅPull inward/recoil

ÅNeed outward force to keep walls open

ÅChest wall tends to expand
ÅSpring outward

ÅCreates negative pressure in pleural space

Å.ÅÇÁÔÉÖÅ ÐÒÅÓÓÕÒÅ ȰÓÕÃËÓȱ ÁÌÖÅÏÌÉ ÏÐÅÎ



Pneumothorax

0

0

TPP = 0 ɀ0 = 0

0

-5

+5

TPP = 0 ɀ(-5) = +5 

Normal Pneumothorax

TPP=0
Lung collapses



Pneumothorax



Pressures and Air Flow

Patm = 0mmHg

ɝ= 0 No Flow

0

PA = 0mmHg



Pressures and Air Flow

+5

Patm = 0mmHg

PA = +5mmHg

ɝ= +5 Flow Out



Pressures and Air Flow

-5

Patm = 0mmHg

PA = -5mmHg

ɝ= +5 Flow In



Lung Pressures

Alveolus

Intrapleural Space

Chest Wall

Air

0

-5
+5

Resting State 



Air Flow and Pressure Changes 
Quiet Breathing

ÅInhalation
ÅIntrapleural pressure becomes more negative

ÅAlveolar pressure becomes negative

ÅAir flow into lungs

ÅExhalation
ÅIntrapleural pressure becomes less negative

ÅAlveolar pressure becomes positive

ÅAir flow out of lungs



Inhalation

-1

-6.5

+5.5

Air Flow

Inhalation

0

-5

+5

Resting State 



Inhalation

-1

-6.5

+5.5

Air Flow

0

-8

+8

Air Flow

EndMid



Exhalation

+1

-6.5

+7.5

Air Flow

Mid

0

-8

+8

Air Flow

End



Exhalation

+1

-6.5

+7.5

Air Flow

0

-5

+5

Air Flow

EndMid



Alveoli and Pleural Pressures
Quiet (tidal) breathing

0

Alveolar
Pressure
(cm H2O)

Inhale Exhale

Volume
(liters)

0.5

Intrapleural
Pressure
(cm H20)

-

+

- 5

- 8

FRC



Lung Volumes and Pressures
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Chest Volumes and Pressures

V
o

lu
m

e

Lungs

Airway Pressure 
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Chest Wall



Chest Volumes and Pressures
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Airway Pressure 

Chest Wall



Chest Volumes and Pressures
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Lungs

System
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Functional residual capacity

ÅLung in = chest out

ÅVolume where lungs rest after quiet exhalation

ÅPressure inside system is zero
Å.Ï ᴻȾᴽ ÐÒÅÓÓÕÒÅ ÆÒÏÍ ÐÕÓÈȾÐÕÌÌ ÏÆ ÌÕÎÇÓ ÏÒ ÃÈÅÓÔ ×ÁÌÌ

ÅPressure = atmospheric pressure



Lung Compliance

ÅFor given pressure how much volume changes

ÅCompliant lung
ÅSmall amount of diaphragm effort

ÅGenerates small pressure change across lungs

ÅLarge volume change

ÅEasy to move air in/out

ÅNon-compliant lung
ÅLarge amount diaphragm effort

ÅBig pressure change across lung

ÅSmall volume change (lungs stiff)

ÅHard to move air in/out

C = ɝV
ɝP



Lung Compliance

V
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m

e
Normal lung

Noncompliant lung

0 + +

Airway Pressure 



Chest Volumes and Pressures
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Lungs

System

FRC

Airway Pressure 

FRC

- - 0 + +



Lung Compliance

Å$ÅÃÒÅÁÓÅÄ ɉ  &2#Ɋ
ÅPneumonia

ÅPulmonary edema

ÅPulmonary fibrosis

Å)ÎÃÒÅÁÓÅÄ ɉ  &2#Ɋ
ÅEmphysema (floppy lungs)

ÅAging

ÅSurfactant

Patrick Lynch/Wikipedia



Barrel Chest 

ÅSeen in patients with emphysema

ÅIncreased lung compliance

ÅIncreased FRC Ą larger volumes in chest

Quora/Public Domain

Normal Barrel Chest



Forced Exhalation

ÅPleural pressure becomes positive

ÅCompresses airway

ÅPressure on alveoli Ą positive pressure in airway

ÅPushes air out Ą air flows from airways 

+

+
+
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+
+ +

++

+

+

+20
+35

Pleural Pressure 
+ Elastic Recoil



Zones Cartilage/
Goblet Cells

Smooth 
Muscle

Cilia

(some)



Equal Pressure Point

ÅPleural pressure = airway pressure

ÅBeyond this point airway collapses

ÅIn healthy lungs: EPP occurs in cartilaginous airways

ÅPrevents airway collapse
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Equal Pressure Point

ÅIn disease: EPP moves toward alveoli
ÅObstruction (bronchitis): more pressure drop

ÅEmphysema: loss of elastic recoil

ÅCan be reached in thin-walled bronchioles

ÅResult: Collapse, obstruction to airflow, air trapping

+
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+20

+20

+20 +15



+

+
+
+

+ +

++
++20

+25
+15

+20

+20

+20 +15
Emphysema
ᴽ ÅÌÁÓÔÉÃ ÒÅÃÏÉÌ

+

+
+

+

+ +

++
++20

+35
+15

+20

+20

+20 +15 Bronchitis
Pressure Drop



COPD
Chronic Obstructive Pulmonary Disease

ÅSlow exhalation
ÅPrevents large rise in pleural pressure

Å&ÏÒÃÅÆÕÌ ÅØÈÁÌÁÔÉÏÎ ×ÏÕÌÄ ᴻᴻ ÉÎÔÒÁÐÌÅÕÒÁÌ ÐÒÅÓÓÕÒÅ

ÅPursed lips
ÅIncreases airway (alveolar) pressure

ÅPrevents collapse



Hysteresis

ÅHysteresis = dependence of property on its history

ÅDifferent PV curves for inhalation and exhalation

ÅSlope PV curve = compliance

ÅDifferent compliance despite same lung structures



Hysteresis

ÅPV hysteresis caused by surface tension

ÅInspiration begins with smallest volume
ÅMolecules close together

ÅStrongest surface tension

ÅExpiration begins at high lung volumes
ÅIntermolecular forces low
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Oxygen Transport

ÅDissolved O2

Å$ÅÔÅÒÍÉÎÅÄ ÂÙ (ÅÎÒÙȭÓ ÌÁ×

ÅPaO2 x solubility = dissolved O2

ÅVery small amount (2%) total blood O2

ÅBound to hemoglobin (98%)

Public Domain



Hemoglobin

ÅGlobin chains
ÅProteins

ÅAlpha (ɻ)

ÅBeta (ɼ)

ÅGamma (ɾ)

ÅDelta (ɿ)

Å4 chains in 2 pairs

ÅHeme
ÅMolecule (non-peptide)

ÅContains iron (Fe)

ÅPorphyrin ring

ÅOxygen binds iron

Richard Wheeler and Zephyris



Hemoglobin Types

ÅHemoglobin A
ÅAdult type 

ÅMost common type found (95%)

Åɻ2 ɼ2

ÅHemoglobin A2
ÅAdult type 

ÅLess common type (2-3%)

Åɻ2 ɿ2

ÅHemoglobin F
ÅFetal type 

Åɻ2 ɾ2



O2-Hgb Dissociation Curves

ÅY axis: percentage of hemoglobin bound to oxygen

ÅX-axis: partial pressure of oxygen (PaO2)



Oxygen-Hgb Binding

ÅFour heme groups do not simultaneous oxygenate

ÅFirst O2 molecule INCREASES affinity for 2nd molecule
ÅSecond O2 molecule INCREASES affinity for 3rd molecule

ÅThird O2 molecule INCREASES affinity for 4th molecule

ÅAffinity last O2 = 300 times affinity for first O2 

ÅPositive cooperativity 

ÅMakes curve S shaped



Allosteric Proteins

Å!ÌÌÏÓÔÅÒÉÃ Ѐ ȰÏÔÈÅÒ ÓÉÔÅȱ

ÅBinding at one site influenced by other sites

ÅUsually multi-subunit proteins

ÅHemoglobin is an allosteric structure

ÅO2 cooperativity is a positive allosteric effect



O2-Hgb Dissociation Curves
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Hemoglobin Forms

ÅGlobin chains can assume two formations

ÅTaut form (T)
ÅTends to release O2
ÅFavored form in tissues

ÅAllows more release of O2

ÅRelaxed form (R)
ÅHolds on to O2

ÅFavored form in lungs

ÅAllows more binding of O2



Shifts in O2-Hgb Curves

ÅAffinity of Hgb for O2 can change ɀnot fixed

ÅHgb modified by environment within RBCs

ÅDissociation curve shifts may occur to right or left
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Rightward Shift

Lungs 
PaO2

Lungs
%Sat

Tissues
PaO2

Tissues
%Sat

Normal 100 100 40 75%

Normal: 100% Ą 75%
Right shift: 100% Ą 50%

Ў ςυϷ
Ў υπϷ

Right Shift 100 100 40 50%



Right Curve Shifts
Release O2

Lungs
Tissues

75%

50%

Normal
Right shift



Right Curve Shifts
Release O2

ÅFavors taut form

ÅCauses of r ight shifts
ÅRising Metabolic Activity

Åᴻ#/2
ÅᴽÐ(

Åᴻ4ÅÍÐ 

ÅIncreases P50

Release O2
i
g
h
Taut



Left Curve Shifts
Latch on to O2

Left Shift
Lower metabolic activity
ᴽ#/2ȟ ᴻÐ(ȟ ᴽ4ÅÍÐ
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2,3-Bisphosphoglycerate
2,3 BPG

ÅFound in RBCs

ÅPromotes O2 release from hemoglobin

ÅNegativeallosteric effector

ÅIncreasing levels:
ÅDecrease oxygen affinity of hemoglobin 

ÅIncrease delivery oxygen to tissues

2,3-Bisphosphoglycerate



2,3 Bisphosphoglycerate

ÅCreated from diverted 1,3 BPG (glycolysis)

ÅSacrifices ATP from glycolysis

1,3-bisphosphoglycerate

3-phosphoglycerate

2-phosphoglycerate

Phosphoenolpyruvate

Pyruvate

Glyceraldehyde-3-phosphate

2,3 BPG

BPG
Mutase



2,3-Bisphosphoglycerate
2,3 BPG

Åᴻ  "0' ×ÉÔÈ chronic hypoxia
ÅCOPD

ÅHigh altitude

ÅChronic anemia

2,3-Bisphosphoglycerate



High Altitude
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Fetal Hemoglobin
HgbF(ɻ2ɾ2)

ÅAfter 8 weeks HgbFis predominant Hgb
ÅUp to 90% fetal hemoglobin

ÅLevels fall in weeks/months after birth

ÅIn adult HgbF<1% total hemoglobin

ÅHigher O2 affinity than HgbA
ÅNecessary because fetal pO2 = 40mmHg

Wikipedia/Public Domain



Fetal Hemoglobin
HgbF(ɻ2ɾ2)

Left Shift
Higher O2 affinity
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Fetal Hemoglobin
HgbF(ɻ2ɾ2)

ÅLeft shift caused by altered 2,3 BPG binding
Å2,3-"0' ÂÉÎÄÓ ɾ ÃÈÁÉÎÓ ÐÏÏÒÌÙ ɉÂÉÎÄÓ ɼchains avidly)

ÅLess 2,3-BPG binding ĄO2 affinity increases (left shift)

2,3-Bisphosphoglycerate



Myoglobin

ÅFound in skeletal muscle and heart

ÅSingle peptide chain

ÅBinds one molecule of O2
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Higher O2 affinity at all pressures

Hemoglobin



Carbon Monoxide

ÅBinds to iron in heme 240x the affinity of O2 

ÅForms carboxyhemoglobin (HbCO)

ÅBlocks O2 binding sites (less O2 can be absorbed)

ÅȰ&ÕÎÃÔÉÏÎÁÌ ÁÎÅÍÉÁȱ

ÅOther binding sites cannot offload O2
ÅAllosteric modification of hemoglobin

ÅShifts dissociation curve left



Carbon Monoxide
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Carbon Monoxide Poisoning

ÅNonspecific symptoms

ÅHeadache most common

ÅMalaise, nausea, dizziness

ÅClassic (but rare) sign: cherry red lips
ÅCarboxyhemoglobin is red

ÅDo not see blue lips (cyanosis)



Carbon Monoxide Poisoning

ÅStandard pulse oximetry normal
ÅCannotdifferentiate carboxyhemoglobin/ oxyhemoglobin

ÅDiagnosis: carboxyhemoglobin level
ÅNormal <3%

ÅSmokers 10-15%

Å>15% suggest poisoning

ÅTreatment: oxygen



Methemoglobinemia

ÅMost iron in hemoglobin normally reduced (Fe2+)

ÅSmall amount oxidizes iron: Fe3+

ÅCalled methemoglobin

ÅCannot bind O2

ÅExcess methemoglobin: hypoxia

Fe3+



Methemoglobinemia

ÅAcquired methemoglobinemia from drugs
ÅLocal anesthetics (benzocaine)

ÅNitric oxide

ÅDapsone

ÅTreatment: methylene blue
ÅReducing agent 

ÅFe3+
Ą Fe2+



Clinical Scenario

ÅEndoscopy patient

ÅBenzocaine spray used for throat analgesia

ÅPost procedure shortness of breath

ÅȰ#ÈÏÃÏÌÁÔÅ ÂÒÏ×Î ÂÌÏÏÄȱ

ÅO2 sat (pulse oximetry) = variable (80s-90s)

ÅOxygen does not improve shortness of breath

ÅPaO2 (blood gas) = normal

Å$ÉÁÇÎÏÓÉÓȡ ᴻ ÍÅÔÈÅÍÏÇÌÏÂÉÎ ÌÅÖÅÌ

ÅOther example: 
ÅPremature babies given NO for pulmonary vasodilation



Pulmonary 
Circulation
Jason Ryan, MD, MPH



Pulmonary Circulation

ÅLow pressure system
ÅSystemic: 120/80

ÅPulmonary artery: 24/12

ÅWalls of pulmonary artery very thin
ÅLittle smooth muscle

ÅLow resistance to flow

ÅVery distensible (compliant)



Blood Oxygen Content

ÅSystemic circulation
Åᴽ /2 level (PaO2Ɋ ÌÅÁÄÓ ÔÏ ÖÁÓÏÄÉÌÁÔÉÏÎ ɉᴻÂÌÏÏÄ ÆÌÏ×Ɋ

ÅPulmonary circulation
Åᴽ /2 level (PaO2) leads to vasoconstriction ɉᴽÂÌÏÏÄ ÆÌÏ×Ɋ

ÅȰ(ÙÐÏØÉÃ ÖÁÓÏÃÏÎÓÔÒÉÃÔÉÏÎȱ

ÅShunts blood away from poorly ventilated areas

ÅMore blood to well ventilated areas

ÅKey for fetal circulation
ÅLow O2 constricts pulmonary arteries in womb

ÅAt birth, arteries receive O2 and dilate



Blood O2 Content

PaO2

B
lo

o
d

 F
lo

w

Systemic

Lungs



Alveoli
PAO2 100 mmHg
PACO2 40 mmHg

Venous Blood
PvO2 40mmHg
PvCO2 46mmHg

Inspired Air
(humidified, tracheal)

PO2 150mmHg
PCO20 mmHg

Gas Exchange

Arterial Blood
PaO2 90mmHg
PaCO2 40mmHg

O2 CO2



Gas Exchange

ÅGasses classified by limiting factor for gas transfer

ÅPerfusion limited
ÅGas transport limited by perfusion (blood flow)

ÅMore blood flow Ąmore uptake of gas

ÅDiffusion limited
ÅGas transport limited by diffusion

Venous blood

Delivered to lung
(perfusion)

Gas diffusion

Equilibrium with alveoli



Gas Exchange

Length along capillary
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Gas Exchange: Oxygen
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Diffusion limitedFibrosis

Length along capillary



Gas Exchange: Oxygen
High Altitude

Length along capillary
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Gas Exchange: Carbon Dioxide

Length along capillary
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DLCO
Diffusing capacity of carbon monoxide

ÅMeasures ability of lungs to transfer gas 

ÅPatient inhales small amount (not dangerous) CO

ÅCO uptake is diffusion limited
Å!ÍÏÕÎÔ ÔÁËÅÎ ÕÐ Ђ ÄÉÆÆÕÓÉÏÎ ÃÁÐÁÃÉÔÙ ÏÆ ÌÕÎÇÓ

ÅMachine measures CO exhaled

ÅNormal = 75 ɀ140 % predicted

ÅSevere disease <40% predicted



Low DLCO Disorders

ÅEmphysema
ÅDestruction of alveoli 

ÅDecreased surface area

ÅFibrosis or pulmonary edema
ÅDiffusion distance (thickness) increases 



Resistance to Blood Flow 
Pulmonary Vascular Resistance

ÅTwo vessels types: 
ÅAlveolar: capillaries

ÅExtra-alveolar: arteries and veins

ÅIncreased lung volumes:
ÅCrushes alveolar vessels Ą high resistance

ÅPulls extra-alveolar vessels open

Artery VeinCapillary



Pulmonary Vascular Resistance
Resistance to blood flow

Pulmonary
Vascular

Resistance

Exhale Inhale

FRC



Pulmonary Hypertension

ÅNormal PA pressure
Å24/12

ÅMean 10-14mmHg

ÅPulmonary hypertension
ÅMean pressure >25mmHg

ÅLoud P2 = pulmonary hypertension
ÅȰ!ÃÃÅÎÔÕÁÔÅÄȱ ÏÒ ȰÌÏÕÄȱ ÓÅÃÏÎÄ ÈÅÁÒÔ ÓÏÕÎÄ

ÅLeft upper sternal border



Pulmonary Hypertension

ÅMain symptom is dyspnea

ÅUntreated can lead to Ȱcor pulmonale ȱ
ÅChronic high pressure in right ventricle 

ÅRight ventricle hypertrophies

ÅEventually dilates and fails

ÅJugular venous distension

ÅLower extremity edema

ÅHepatomegaly

ÅDeath from heart failure or arrhythmia  



Pulmonary Hypertension

ÅGold standard diagnosis: right heart catheterization

ÅNon-invasive diagnosis by echocardiography
ÅEstimate PA pressure

ÅVisualize right heart structures



Pulmonary Hypertension

ÅArteriosclerosis
ÅThickening of arterial walls

ÅProliferation smooth muscle cells
ÅThickening media 

ÅNarrowing of the lumen

Medial Hypertrophy Normal

Slideshare/Public Domain



Pulmonary Hypertension

PPA = CO * PVR + PLA

High LA Pressure
Most common cause PHTN
Ȱ0ÕÌÍÏÎÁÒÙ 6ÅÎÏÕÓ (4.ȱ

Heart Failure
Valve Disease

High PVR
Ȱ0ÕÌÍÏÎÁÒÙ !ÒÔÅÒÉÁÌ (4.ȱ

Primary or Secondary



Pulmonary Artery
PA: 25/12 mmHg

Left Heart Disease
Pulmonary VenousHypertension

Pulmonary Vein
5 mmHg

O2 CO2

Left Atrium



Left Heart Disease

ÅMost common cause of pulmonary hypertension

ÅȰ0ÕÌÍÏÎÁÒÙ venousÈÙÐÅÒÔÅÎÓÉÏÎȱ

ÅAny cause of high left atrial pressure
ÅHeart failure

ÅMitral stenosis

ÅMitral regurgitation



High PVR
Pulmonary Arterial Hypertension

ÅHypoxemia Ą vasoconstriction
ÅCOPD, other chronic lung diseases

ÅSleep apnea or high altitude (chronic hypoxia)

ÅChronic pulmonary emboli
ÅDecreased area for blood flow

Blood Vessel



PAH
Pulmonary Arterial Hypertension

ÅHigh pulmonary vascular resistance

ÅNo chronic lung disease or thrombosis

ÅKey associations:
ÅConnective tissue disease (scleroderma)

ÅHuman immunodeficiency virus

ÅCongenital heart disease (shunts)

ÅSchistosomiasis 

ÅDrugs (amphetamines, cocaine)



Idiopathic PAH

ÅRare disease

ÅClassically affects young women

ÅHigh pulmonary vascular resistance

ÅIncreased activity vasoconstrictors
ÅEndothelin

ÅDecreased activity vasodilators
ÅNitric oxide



Plexiform Lesions

ÅUnique to idiopathic PAH

ÅEndothelial proliferation forms multiple lumens

ÅSmall arteries branch points from medium arteries

Yale Rosen/Flikr



BMPR2 gene mutations

ÅBone morphogenetic protein receptor type II
ÅInhibits smooth muscle proliferation

ÅMutations Ą abnormal growth (endothelium, smooth muscle)

ÅUp to 25% of idiopathic cases

ÅUp to 80% familial cases



PAH Treatments

ÅAll lower PVR

ÅEpoprostenol: Prostacyclin (IV)
ÅPGI2 

ÅPotent vasodilator

ÅBosentan: 
ÅAntagonist endothelin-1 receptors (PO)

ÅSildenafil: 
ÅInhibits PDE-5 in smooth muscle of lungs (PO)



Ventilation & 
Perfusion
Jason Ryan, MD, MPH



Ventilation

ÅVentilation = volume x frequency (respiratory rate)
Å500cc per breath x 20 breaths per minute

Å10,000cc/min

ÅAlveolar ventilation = useful for gas exchange

ÅDead space ventilation = wasted ventilation

Pixabay/Public Domain



Dead Space

ÅFilled with air but no gas exchange

ÅAnatomic dead space
ÅVolume of conducting portions of respiratory tract

ÅNose, trachea

ÅPhysiologic dead space
Å!ÎÁÔÏÍÉÃ 0,53 ÖÏÌÕÍÅ ÏÆ ÁÌÖÅÏÌÉ ÔÈÁÔ ÄÏÎȭÔ ÅØÃÈÁÎÇÅ ÇÁÓ

ÅIncludes functional dead space

ÅInsufficient perfusion

ÅApex is largest contributor

ÅPhysiologic dead space increases many diseases



Measuring Dead Space

Å"ÏÈÒȭÓ ÍÅÔÈÏÄ

ÅPhysiologic dead space (Vd) from:
ÅTidal volume (Vt)

ÅPeCO2 (exhaled air)

ÅPaCO2 (blood gas)

Vd =  PaCO2 ɀPeCO2
Vt PaCO2



Nomenclature

ÅPA = alveolar pressure
ÅPAO2= alveolar O2

ÅPACO2= alveolar CO2

ÅPa = arterial pressure
ÅPaO2= arterial O2

ÅPaCO2= arterial CO2

ÅPv = venous pressure

ÅPe = expired pressure

A = alveolar
a = arterial



Alveolus
PACO2

Pulmonary Capillary
PaCO2PvCO2

Equilibrium
PACO2= PaCO2

PeCO2 PICO2 = 0



Bohr Equation

Vd =  PaCO2 ɀPeCO2
Vt PaCO2



Zero Dead Space

0  =  PaCO2 ɀPeCO2

PaCO2

Vd =  PaCO2 ɀPeCO2
Vt PaCO2

0  =  PaCO2 ɀPeCO2

PeCO2  =  PaCO2

 ÄÅÁÄ ÓÐÁÃÅ Ą PeCO2  approaches  PaCO2
More gas exchange
Less retained CO2



100% Dead Space

1  =  PaCO2 ɀPeCO2

PaCO2

Vd =  PaCO2 ɀPeCO2
Vt PaCO2

PaCO2  =  PaCO2 ɀPeCO2

PeCO2  =  0

 ÄÅÁÄ ÓÐÁÃÅ Ą PeCO2  approaches zero
Less gas exchange
More retained CO2



Dead Space

O2 = 100%

O2 = 100% O2 = 100%

O2 =70% O2 = 70%



Dead Space

O2 = 100%
No hypoxemia

Main problem:  #/2

Hypercapnia
Response:  22

70% 70%

Flow 
Obstruction

100%

PACO2=0



Alveolar Ventilation Equation
Predicts Alveolar CO2 

ÅTotal ventilation (TV) = volume/min
Å**Volume in slightly > volume out due to O2 uptake

ÅSometimes called minute ventilation

ÅAlveolar ventilation
Å46 ÍÉÎÕÓ ȰÄÅÁÄ ÓÐÁÃÅȱ

ÅExample: 500cc per minute
Å150cc fills dead space

ÅOnly 350cc available for gas exchange



Elevated Carbon Dioxide

ÅHypercapnia

ÅHypercarbia

ÅCauses acidosis

ÅPhysiologic response:  ÒÅÓÐÉÒÁÔÏÒÙ ÒÁÔÅ
ÅIncreased alveolar ventilation



Alveolar Ventilation Equation
Predicts Alveolar CO2 

ÅVA = alveolarventilation

ÅVCO2= rate of CO2 production

ÅPACO2 = alveolar PCO2

ÅVt = total ventilation

ÅVds = dead space ventilation

ÅK = constant

VA

VCO2* K
PACO2= 

VT - Vds

VCO2* K
PACO2= 

 #/ς ÐÒÏÄÕÃÔÉÏÎ
6A (hypoventilation)
Vds (dead space)

Three Major
#ÁÕÓÅÓ ÏÆ  #/2



Alveolar Gas Equation
Predicts Alveolar O2

ÅPAO2= alveolar O2

ÅPIO2 = inspired O2

ÅPACO2 alveolar CO2

ÅR = respiratory exchange ratio
ÅCO2 production/O 2 consumption

ÅVaries with diet, metabolic state

R

PACO2
PAO2= PIO2ɀ

PAO2

PACO2

PIO2



Alveolar Gas Equation
Predicts Alveolar O2

PACO2 PIO2 PAO2

40 150 100

50 150 88

60 150 75

70 150 63

80 150 50

R

PACO2
PAO2= PIO2ɀ



Lung Perfusion

ÅUpright position: Blood flow distribution is uneven
ÅCaused by gravity

ÅApex: Lowest blood flow

ÅBase: Highest blood flow

ÅLung divided into 3 zones to describe perfusion



Lung Perfusion

Zone 1
(apex)

Lowest blood flow 

Zone 2 
(mid)

Zone 3
(base)

Highest blood flow



Lung Ventilation

ÅVentilation highest zone 3, lowest zone 1
ÅAlso caused by gravity

ÅUpper lung compresses base Ą pushes air out 

ÅMore room for filling of base with next breath 

ÅVariations smaller (L/min) than blood flow 

Zone 1
Lowest V 

Zone 3
Highest V 

Zone 2



Ventilation-Perfusion Ratio

ÅV/Q ratio: alveolar ventilation/pulmonary blood flow
ÅMatching critical for gas exchange

ÅUnder-ventilated or under-perfused alveoli inefficient 

ÅNormal V/Q ratio = 0.8
ÅAlveolar ventilation (L/min)/pulmonary blood flow (L/min) 

ÅYields normal PaO2(90 mmHg) and PaCO2(40 mm Hg)



Ventilation-Perfusion Ratio

Apex
Lowest Blood Flow
Lowest Ventilation

Highest V/Q
Wasted V

Base
Most Blood Flow
Most Ventilation

Lowest V/Q
Wasted Q

Both decrease bottom to top
Blood flow decreases more

V/Q ratio changes

ᴽ 6

ᴽᴽ 1

ᴻ 6

ᴻ ᴻ 1



Ventilation-Perfusion Ratio
V Q V/Q PaO2 PaCO2

130 30

90 42

Zone 1

Zone 2

Zone 3

(3.0)

(0.6)



Zone 1

ÅLowest blood flow

ÅLowest ventilation

ÅHighest V/Q ratio

ÅHighest PaO2

ÅLowest PaCO2



Tuberculosis



Pulmonary Blood Flow

ÅNormally, A-V pressure difference drives blood flow

ÅIn lungs, alveolar pressure may determine blood flow

ÅHigh alveolar pressure Ą no blood flow Ą dead space

Pulmonary capillary

Pulmonary
Arterial Flow

Pa

Pulmonary
Venous Flow

Pv

Alveolar Pressure
PA



Pulmonary Blood Flow

ÅPA constant

ÅAt base, Pa and Pv highest

ÅAt apex, Pa and Pv lowest

Zone 1 (Apex)
PA > Pa > Pv

Minimal flow

Zone 3 (Base)
Pa > Pv > PA

Highest flow

Zone 2 (Mid)
Pa > PA > Pv

Pressures
PA Alveolar
Pa Arterial
Pv Venous



Zone 1

ÅLung apex: PA > Pa > Pv

ÅSlight fall in PaĄ capillary compression
ÅHemorrhage/shock

ÅZone 1 becomes dead space
ÅVentilation without perfusion



Exercise

ÅIncreased O2 demand 

ÅVentilation rate increases

ÅIncreased cardiac output

ÅV/Q ratio approaches 1
ÅMore blood flow

ÅMore ventilation

Åᴻ ÖÅÎÔÉÌÁÔÉÏÎ Є ᴻÂÌÏÏÄ ÆÌÏ×

ÅBecomes more even in zones

William Warby / Flikr



ÅNo change in mean PaO2and PaCO2

ÅIncreased venous CO2 (PVCO2)

ÅDecreased venous O2 (PVO2)

Venous Blood
PvO2 40mmHg
PvCO2 46mmHg

Exercise

Arterial Blood
PaO2 90mmHg
PaCO2 40mmHg

O2 CO2



Hypoxia
Jason Ryan, MD, MPH



Oxygen delivery to tissues

ÅOxygen delivery to tissues depends on:
ÅCardiac output 

ÅO2 content of blood

ÅFor proper O2 delivery need:
ÅNormal cardiac output

ÅNormal O2 content



What determines O2 content?

ÅO2 binding capacity 
ÅHow much O2 blood can hold

ÅDetermined by hemoglobin

ÅHemoglobin saturation
Å% Hemoglobin molecules saturated

ÅDissolved O2

ÅO2 directly dissolved in blood



PaO2

ÅPartial pressure oxygen in blood

ÅObtained from an arterial blood gas

ÅReflects amount of O2 dissolved in blood

ÅNormal: >80mmHg

Twitter/Public Domain



Pulse Oximetry

ÅMeasures Hgb-O2 saturation of blood

ÅRelated to PaO2 

ÅUses light and a photodetector

Image courtesy of Quinn Dombrowski



Oxygen Content

ÅNormal O2 content requires:
ÅPresence of hemoglobin 

ÅSufficient saturation of hemoglobin

ÅNormal PaO2

O2 Content = (O2 Binding Capacity ) * (% Sat) + (Dissolved O2)
(ml O2/dl)

(1.39 * Hgb) 0.003 PaO2



Hypoxemia, Hypoxia, Ischemia

ÅHypoxemia: low oxygen content of blood

ÅHypoxia: low O2 delivery to tissues

ÅIschemia: loss of blood flow

Pixabay/Public Domain



Hypoxemia, Hypoxia, Ischemia

ÅLow Hgb-O2 sat or low PaO2 = hypoxemia

ÅHypoxemia Ą hypoxia

ÅCan have hypoxia without hypoxemia 

Common Hypoxia Causes

Hypoxemia
Heart Failure 

Anemia 
Carbon Monoxide



Heart Failure

Å  ÃÁÒÄÉÁÃ ÏÕÔÐÕÔ

ÅȢ  ÂÌÏÏÄ ÆÌÏ× ÔÏ ÔÉÓÓÕÅÓ Ą hypoxia

ÅO2 content of blood may be normal

ÅPaO2 and Hgb-O2 sat may be normal



Anemia

ÅOxygenation of blood by lungs is normal

ÅOxygen carrying capacity of blood reduced 

ÅLow O2 content of blood 

ÅPaO2 and Hgb-O2 sat normal

Databese Center for Life Science (DBCLS)



Carbon Monoxide

ÅBinds to iron in heme 240x the affinity of oxygen

ÅBlocks O2 binding sites: ȰÆÕÎÃÔÉÏÎÁÌ ÁÎÅÍÉÁȱ

ÅAlveolar O2 (PAO2) usually normal
ÅAmount of CO gas required for poisoning usually small

ÅNormal PAO2ĄNormal PaO2

Åᴽ /2 binding to Hb despite normal PaO2



Carbon Monoxide

ÅLow Hgb-O2 sat (CO blocking O2 binding sites)

ÅPulse oximeter shows normal (100%) O2 sat
Å#ÁÎȭÔ ÄÉÓÔÉÎÇÕÉÓÈ (Â ÂÏÕÎÄ ÔÏ #/ ÆÒÏÍ ÔÈÁÔ ÂÏÕÎÄ ÔÏ /2

ÅO2 content of blood reduced

Normal PaO2
Low O2 % sat (reality)

Normal O2 % sat (detector)
Hypoxia



Causes of Hypoxia

O2 Content PaO2 % Sat

Hypoxemia ᴽ ᴽ ᴽ

Heart Failure Normal Normal Normal

Anemia ᴽ Normal Normal

Carbon Monoxide ᴽ Normal ᴽɕ



Hypoxemia

ÅIndicates defect oxygenating blood

ÅCauses categorized by A-a gradient
ÅAlveolar O2 (PAO2)ɀArterial O2 (PaO2)

ÅPAO2 from alveolar gas equation

ÅPaO2 from blood gas



A-a Gradient

Alveoli
PAO2100mmHg

Arterial Blood
PaO290mmHg
100% O2 sat

Inspired Air
PIO2 150mmHg

Venous blood
PO2 40mmHg
70% O2 sat

Alveolus

Pulm Capillary

Venous blood
PO2 40mmHg
70% O2 sat



Alveolar Gas Equation

PAO2= PIO2ɀPaCO2  = 150 ɀPaCO2  

R 0.8



A-a Gradient

ÅDifference between alveolar (A) and arterial (a) O2
ÅHelpful for evaluating hypoxemia

ÅStep 1: Measure PaO2, PaCO2

ÅStep 2: Determine PAO2 from gas equation

ÅStep 3: A-a gradient = PAO2ɀPaO2

ÅNormal 10-15mmHg
ÅShunting from thebesian and bronchial veins



Normal A-a Gradient

ÅLow alveolar oxygen content (P AO2)

ÅDecreased oxygen content of air
ÅHigh altitude

ÅPIO2 sea level = 150 mmHg

ÅPIO2 high altitude ~ 100 mmHg

ÅHypoventilation
ÅReduced respiratory rate

ÅReduced tidal volume

ÅCauses increase PACO2Ą decreased PAO2

ÅNarcotics, neuromuscular weakness, obesity



Normal A-a Gradient

ÅImproves with oxygen

Public Domain

PAO2= PIO2ɀPaCO2  = 150 ɀPaCO2  

R 0.8



A-a Gradient

Alveoli
PAO2100mmHg

Arterial Blood
PaO290mmHg

Inspired Air
PIO2 150mmHg

Alveolus

Pulm Capillary



Alveolar Gas Equation

PAO2= PIO2ɀPaCO2  = 150 ɀPaCO2  

R 0.8

Low O2
Inspired Air

Hypoventilation
High CO2



Increased A-a Gradient

ÅNo problem with alveolar oxygen content (PAO2)

ÅLow arterial oxygen content (P aO2)

ÅMost primary lung diseases: high A-a gradient
ÅPneumonia, pulmonary edema, etc. 

ÅThree basic mechanisms create the high A-a gradient
ÅDiffusion defects

ÅShunt

ÅV/Q Mismatch



A-a Gradient

Alveoli
PAO2100mmHg

Arterial Blood
PaO290mmHg

Inspired Air
PIO2 150mmHg

Alveolus

Pulm Capillary



Diffusion

ÅGases must diffuse from air to blood

ÅRate of diffusion depends on:
ÅPressure difference (air-blood)

ÅArea of alveoli for diffusion

ÅThickness of alveolar tissue



Diffusion

Thickness

P1
P2

Vgas =
Thickness(vol/time)

Area   * D  * (P1- P2)

(diff. coefficient)



Diffusion Limitation

ÅSurface area of alveoli falls in emphysema

ÅDiffusion distance (thickness) rises in:
ÅPulmonary fibrosis

ÅPulmonary edema

ÅBoth lead to decreased diffusion Ą hypoxemia

Vgas =
Thickness(vol/time)

Area   * D  * (P1- P2)



Ventilation-Perfusion Ratio

ÅV/Q ratio: alveolar ventilation/pulmonary blood flow
ÅMatching critical for gas exchange

ÅUnventilated or unperfused alveoli inefficient 



Shunting

ÅNo V

ÅExtreme reduction in V/Q 

ÅV/Q = 0

ÅVenous blood to arterial system without oxygenation

ÅCauses hypoxemia



Shunting

O2 = 100%

100% 100%

70% 70%



Shunting

Hypoxemia

100%

V/Q = 0

70%

70%

70%

100
%

100%



V/Q Mismatch

ÅV/Q <1
ÅReduced ventilation relative to perfusion

ÅPerfusion wasted

ÅBlood going where not enough O2 present

ÅExtreme version V/Q = 0 is shunt

ÅHypoxemia with increased A-a gradient

ÅImproves with oxygen



V-Q Mismatch

80% 100%

V/Q < 1

70% 70%

Hypoxemia

100
%

100%100%



Carbon Dioxide

ÅCauses of hypercapnia
ÅHypoventilation

ÅIncreased dead space

ÅIncreased CO2 production

ÅHypoxemia with high A-a gradient: ÎÏ  #/2



Mechanisms of Hypoxemia
High A-a gradient

PaO2 PaCO2
PaO2 using
100% O2

Diffusion 
Limitation

ᴽ -- ᴻ

Shunt
V/Q = 0

ᴽ -- No change

V/Q 
Mismatch

ᴽ -- ᴻ



Mechanisms of Hypoxemia

PaO2 PAO2
A-a

difference

Normal A-a 
Gradient

ᴽ Ҩ 10-15

High A-a 
Gradient

ᴽ -- Increased



Mechanisms by Disease

ÅMost diseases (COPD, PNA, pulm edema) have 
hypoxemia from multiple mechanisms
ÅPNA may cause V/Q mismatch or shunt

ÅSome examples worth knowing
ÅIntra -cardiac shunt: pure shunt mechanism

ÅInhale a peanut: V/Q = 0 (also pure shunt)

ÅPulmonary Embolism



Pulmonary Embolism

ÅObstructed blood flow 

Å  ÄÅÁÄ ÓÐÁÃÅ

ÅHypoxemia does occur in many patients

ÅV/Q mismatch
ÅBlood flow forced through open vessels 

ÅIncreased Q (working vessels)

ÅSame V 

ÅDecreased V/Q (mismatch)



Carbon Dioxide
Jason Ryan, MD, MPH



Carbon Dioxide

ÅProduced by cellular metabolism

ÅTransported to lungs via three mechanisms
ÅDissolved (5%)

ÅBound to hemoglobin (3%)

ÅBicarbonate (>90%)



Dissolved CO2

ÅDetermined by (ÅÎÒÙȭÓ ÌÁ×

ÅPaCO2x solubility = dissolved CO2
ÅVery small amount (5%) total blood CO2

Public Domain



Bicarbonate

ÅMost (>90%) CO2 exists as bicarbonate

ÅCarrier form of CO2

ÅRed cells contain large amounts carbonic anhydrase

ÅConverts CO2 to HCO3
-

CO2 + H2O ė H2CO3ė HCO3
- + H+



Bicarbonate

Tissues

O2 Consumed
CO2 Produced

HCO3
-

HCO3
-

Lungs

HCO3
-

CO2

Exhaled

CO2 + H2O ė H2CO3ė HCO3
- + H+

Veins

diffusion



RBC Bicarbonate Transport

ÅHCO3
- inside RBCs leaves cell to plasma

ÅH+ remains in red cells

ÅChloride (Cl -) enters cell 
ÅMaintains electrical neutrality

ÅȰ#ÈÌÏÒÉÄÅ ÓÈÉÆÔȱ

ÅRBCs have high Cl- content in venous blood

CO2 + H2O ė H2CO3ė HCO3
- + H+

Cl-



RBC Buffering H+

ÅH+ produced when bicarbonate generated
ÅCould cause dangerous fall in pH

ÅDeoxyhemoglobin buffers (absorbs) H+ in red cells
Åᴻ ÄÅÏØÙÈÅÍÏÇÌÏÂÉÎ ÉÎ 2"#Ó ×ÈÅÎ ᴻ #/2

ÅPrevents H+ from reducing pH

Richard Wheeler and Zephyris



Bicarbonate

O2 Consumed
CO2 Produced

Tissues

Deoxyhemoglobin
Red Cell 

HCO3
- Production

 ÖÅÎÏÕÓ (#/3
-

Cl-

ᴻ ÒÅÄ ÃÅÌÌ (Ϲ

Buffering



Carbaminohemoglobin

ÅHemoglobin bound to CO2
ÅBinds at different site from O2

ÅCO2 binding alters affinity for oxygen
ÅMore CO2ĄMore O2 release

ÅCO2 decreases affinity for oxygen

Richard Wheeler and Zephyris



Bohr Effect

ÅCO2 produced by metabolism Ą generates H+ in RBCs
ÅCO2 + H2O ė H2CO3ė HCO3

- + H+

ÅH+ and low pH are indicators of metabolism

ÅH+ and low pH trigger release of O2 by hemoglobin

Cellular 
Metabolism

 (+    Ð(

ᴻ #/2



Bohr Effect

ÅDeoxyhemoglobin has high affinity for H+

ÅH+ binds hemoglobin in low O2/high CO2 areas

Å#ÏÎÖÅÒÔÓ (ÇÂ ÔÏ ȰÔÁÕÔ ÆÏÒÍȱ ×ÈÉÃÈ ÒÅÌÅÁÓÅÓ /2

ÅShifts O2 curve to right

ÅHemoglobin releases more oxygen

CO2 + H2O ė H2CO3ė HCO3
- + H+

Hgb

Bohr Effect



Bohr Effect
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Haldane Effect

ÅO2 binding alters affinity for CO 2

ÅLow O2 environment Hgb binds more CO2
ÅHigh O2 environment Hgb binds lessCO2

Richard Wheeler and Zephyris



Haldane Effect

ÅDeoxyhemoglobin binds more CO2
ÅAllows more CO2 loading with O2 consumption

ÅAllows more CO2 unloading with high O2

Hgb
CO2

Content

PCO2

Low O2 (tissues)

High O2 (lungs)



Tissues versus Lungs

Tissues

ÅLow O2 (consumption)

ÅHigh CO2 (metabolism)

ÅHigh H+

ÅLow pH

ÅFavors O2 unloading
ÅBohr Effect

ÅFavors CO2 loading
ÅHaldane Effect

Lungs

ÅHigh O2 (air)

ÅLow CO2 (exhalation)

ÅLow H+

ÅHigh pH

ÅFavors O2 loading 
ÅBohr Effect

ÅFavors CO2 unloading
ÅHaldane Effect



CO2 Transport

Lungs/Arteries Tissues/Veins

PO2 100 ᴽ

PCO2 40 ᴻ

HCO3
- 24 ᴻ

pH 7.4 ᴽ

Deoxyhemoglobin ᴽ ᴻ

Red cell Cl- ᴽ ᴻ

Dissolved CO2 ᴽ ᴻ

Carbaminohemoglobin ᴽ ᴻ



High Altitude

ÅLower atmospheric pressure

ÅLower pO2

ÅHypoxia Ą hyperventilation

ÅȢ Ð#/2Ą respiratory alkalosis (pH rises)

ÅAfter 24-48hrs, kidneys will excrete HCO3
-

ÅpH will fall back toward normal

Ð( 
pO2

pCO2

HCO3
-

Wikipedia/Public Domain



Exercise

Åᴻ  /2 consumption

Åᴻ  #/2 production

Åᴻ  6ÅÎÔÉÌÁÔÉÏÎ

William Warby / Flikr



Exercise

ÅMore CO2 produced by muscles

ÅCO2 levels in venousblood rise

ÅMore O2 consumed by muscles

ÅO2 levels in venousblood fall

William Warby / Flikr



Exercise

Åᴻ  ÖÅÎÔÉÌÁÔÉÏÎ ÁÎÄ ÂÌÏÏÄ ÆÌÏ× 

ÅNormal PaO2 and PaCO2 despite metabolic changes

Veins: O2 falls, CO2 rises
Arteries : O2 and CO2 normal

Wikipedia/Public Domain
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Panic Attacks

ÅHyperventilation

ÅLow CO2

ÅHypocapnia Ą cerebral vasoconstriction

ÅCNS symptoms (dizziness, blurred vision)

Pixabay/Public Domain



CO2 and Breathing Control

ÅPaCO2 is the major stimulus for breathing

ÅCentral chemoreceptors in medulla most important

ÅPeripheral chemoreceptors: carotid and aortic bodies
ÅSense CO2 but more sensitive to O2

ÅHigh PaCO2Ą increased respiratory rate

ÅLow PaCO2Ą decreased respiratory rate

Medulla



CO2 and Breathing Control

ÅCOPD patients: chronic retention of CO2
ÅLose sensitivity to CO2
ÅOxygen becomes major breathing stimulus

ÅExcess oxygen therapy given Ą hypoventilation

ÅTheory: response to CO2 blunted
ÅRespiratory depression with high O2

ÅNew data indicates more complex
ÅHaldane effect

Wikipedia/Public Domain



CO2 and Breathing Control

ÅCO2 level useful to determine ventilation status
ÅHigh CO2 : hypoventilation

ÅLow CO2 : hyperventilation

ÅClinical scenario:
ÅPatient with pneumonia

ÅO2 applied via nasal cannula

ÅO2 level 95%

ÅBlood gas: PaCO2 = 60mmHg (high)



CO2 and Breathing Control

ÅClinical scenario
ÅPatient with neuromuscular disease (ALS)

ÅO2 saturation on O2 95%

ÅBlood gas: PaCO2 = 60 (high)

ÅRespiratory muscles failing

ÅSymptoms of hypercapnia (high CO2)
ÅLethargy

ÅConfusion

ÅAgitation



Lung Physical Exam
Jason Ryan, MD, MPH



Lung Exam

ÅPercussion
ÅFinger against thorax Ą tap

ÅAuscultation
ÅStethoscope thorax

ÅUpper, mid, lower lung fields

ÅSpecial techniques
ÅFremitus

ÅPectoriloquy



Percussion

ÅNormal sounds = resonant

ÅAbnormal: dull or hyperresonant

ÅDull
ÅPleural effusion

ÅConsolidation (pneumonia)

ÅHyperresonantĄ air trapped
ÅPneumothorax

ÅEmphysema



Lung Auscultation

ÅNormal breath sounds are vesicular

ÅMost all pathologic lung processes result in decreased 
lung sounds over affected area



Adventitious Lung Sounds

ÅRales

ÅWheezes

ÅRhonchi

ÅBronchial breath sounds

ÅStridor



Rales

ÅAlso called crackles

Å3ÍÁÌÌ ÁÉÒ×ÁÙÓ ȰÐÏÐȱ ÏÐÅÎ ÁÆÔÅÒ ÃÏÌÌÁÐÓÅ

ÅEarly inspiratory, late inspiratory or expiratory

ÅClassic causes
ÅPulmonary edema (bases)

ÅPneumonia

ÅInterstitial fibrosis



Wheezes

ÅAir flows through narrowed bronchi

ÅUsually expiratory or inspiratory/expiratory

ÅClassic cause is asthma

ÅOther causes:
ÅHeart failure (cardiac asthma)

ÅChronic bronchitis

ÅObstruction (tumor; localized wheeze)



Rhonchi

ÅSecretions in large airways

ÅCoarse breath sounds

ÅClassic cause is COPD



Bronchial Breath Sounds

ÅHigh pitched lung sounds

ÅLike flow through tube

ÅLonger expiratory phase than normal

ÅSeen in pneumonia with consolidation



Stridor

ÅWheeze that is almost entirely inspiratory

ÅUsually loudest over neck

ÅIndicates partial obstruction of larynx or trachea

ÅSome classic causes
ÅLaryngotracheitis (croup)

ÅEpiglottitis ( Hib in children)

ÅRetropharyngeal abscess

ÅDiphtheria



Pectoriloquy

ÅSounds over chest through stethoscope

ÅBronchophony
ÅVoice sounds are louder and clearer

ÅWhispered pectoriloquy
Å7ÈÉÓÐÅÒÅÄ Ȱωω-99-ωωȱ

ÅShould be muffled

ÅAbnormal if clear

ÅEgophonyȡ ȰEeeeeeȱ ÓÏÕÎÄÓ ÌÉËÅ ȰAaaayȱ

ÅAll indicated fluid in lungs: Effusion, consolidation



Fremitus

ÅPlace hands on patients back

Å0ÁÔÉÅÎÔ ÓÁÙÓ ȰÎÉÎÅÔÙ-ÎÉÎÅȱ

ÅVibrations travel through airways to back

ÅVaries with density of lung tissue

ÅOnly common condition with increased fremitus is 
lobar pneumonia

ÅDecreased in most other processes
ÅPleural effusion

ÅPneumothorax

ÅAtelectasis



Nail Clubbing

ÅAssociated with many 
pulmonary diseases

ÅBronchiectasis

ÅCystic Fibrosis

ÅLung tumors

ÅPulmonary fibrosis

ÅAlso cyanotic congenital 
heart disease

Image courtesy of James Heilman, MD

Image courtesy of Jfdwolff



Pulmonary Function 
Tests
Jason Ryan, MD, MPH



Dyspnea

ÅMany, many causes

ÅDeconditioning

ÅCardiac causes

ÅAnemia

ÅPulmonary causes



Pulmonary Dyspnea

ÅObstruction
Å#ÁÎȭÔ ÇÅÔ ÁÉÒ ÏÕÔ ÏÆ ÌÕÎÇÓ

ÅAir trapped

ÅPoor oxygenation

ÅRestriction
Å#ÁÎȭÔ ÇÅÔ ÁÉÒ ÉÎÔÏ ÌÕÎÇÓ

ÅPoor oxygenation



Pulmonary Function Testing

ÅDetermining flows, volumes in lung

ÅHelps determine cause of dyspnea
ÅSometimes unclear from history, exam, x-ray, etc.

ÅHelps determine disease severity/progression
ÅMany diseases monitored by PFTs

ÅCOPD, Pulmonary Fibrosis



Spirometry

ÅMethod for assessing pulmonary function
ÅPulmonary function tests (PFTs)

ÅPatient blows into machine

ÅVolume of air measured over time

Image courtesy of Jmarchn
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Summary

ÅFEV1 and FVC fall in both obstructive and restrictive 
diseases

ÅFEV1 falls MORE than FVC in obstructive

FEV1 FVC FEV1/FVC

Obstructive ᴽᴽ ᴽ ᴽ

Restrictive ᴽ ᴽ >80%



Volumes

ÅSpirometry can measure
ÅVC (FVC)

ÅIRV

ÅERV

ÅCannot measure
ÅRV

ÅFRC

ÅResidual volume rarely 
measured clinically

ÅRequires special 
techniques

Image courtesy of Michal Komorniczak, Medical Illustrations
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Spirometry with Volumes
V

o
lu

m
e
 (

L
)

1

Time (s)

Obstructive

Restrictive

Normal



Flow Volume Loop

Image courtesy of SPhotographer
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Flow Volume Loop

Image courtesy of SPhotographer



Flow Volume Loops

Image courtesy of YaserAmmar,



Work of Breathing

ÅWork proportional to resistance



Work of Breathing

ÅAirflow resistance: Slower you breathe, less resistance
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Work of Breathing

ÅElastic resistance: Faster you breathe, less resistance

Breaths per minute
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Work of Breathing

ÅSlower you breathe, less airflow resistance

ÅFaster you breathe, less elastic resistance

Breaths per minute

W
o

rk
 o

f 
B

re
a
th

in
g

15

Total

Air Flow
Elastic



Work of Breathing

ÅIncreases in obstructive and restrictive disease

ÅDifferent patterns

Normal

Restrictive

Obstructive

Breaths per minute
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Obstructive Lung 
Disease
Jason Ryan, MD, MPH



Obstructive Lung Diseases

ÅKey points: Air trapping, slow flow out, less air out

ÅReduced FEV1 (slow flow out)

ÅReduced FVC (less air out)

ÅReduced FEV1/FVC (hallmark)



Residual & Total Lung Volume

ÅBoth go up in obstructive disease
ÅFrom air trapping

ÅBoth fall in restrictive disease
ÅLess air fills the lungs due to restriction



Obstructive Lung Diseases

ÅChronic bronchitis

ÅEmphysema

ÅAsthma

ÅBronchiectasis



Chronic Bronchitis

ÅChronic cough

ÅProductive of sputum

ÅAt least 3 months over two years

ÅNo other cause of cough present

ÅStrongly associated with smoking



Chronic Bronchitis

ÅHypertrophy of mucous secreting glands

ÅReid Index
ÅThickness of glands/total wall

Å>50% in chronic bronchitis

Å,ÕÎÇÓ ÃÁÎ ÐÌÕÇ ×ÉÔÈ ÍÕÃÏÕÓ ȰÍÕÃÏÕÓ ÐÌÕÇÇÉÎÇȱ

ÅIncreased risk of infection



Chronic Bronchitis

ÅPoor ventilation of lungs

ÅIncreased CO2

ÅDecreased O2

ÅHypoxic vasoconstriction

ÅPulmonary hypertension

ÅRight heart failure (cor pulmonale)



Chronic Bronchitis

ÅCough

ÅWheezing

ÅCrackles

ÅDyspnea

ÅCyanosis (shunting)



Shunting

O2 < 99%

<99% 99%



Emphysema

ÅSmokers
ÅToo many proteases created

ÅOverwhelm anti-proteases

ÅUpper lung damage 

Åɻρ ÁÎÔÉ-trypsin deficiency
ÅIneffective anti-proteases

ÅLower lobe damage

Proteases

Anti-Proteases



Emphysema

ÅDestruction of alveoli
ÅSmoke activates macrophages

ÅRecruitment of neutrophils

ÅRelease of proteases

ÅLoss of elastic recoil

ÅSmall airways collapse on exhalation

Å!ÉÒ ȰÔÒÁÐÐÅÄȱ ÉÎ ÌÕÎÇÓ



Emphysema

ÅDyspnea

ÅCough (less sputum than chronic bronchitis)

ÅHyperventilation

ÅWeight loss

ÅCorpulmonale

ÅBarrel Chest

Image courtesy of James Heilman, MD



Acinus

ÅAcinus= bronchiole + alveoli

ÅSmokers = centriacinar damage

Åɻρ ÁÎÔÉ-trypsin deficiency = panacinar



Image courtesy of Nephron

Image courtesy of James Heilman, MD
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Blue Bloater ɀPink Puffer

ÅChronic Bronchitis ɀBlue Bloater
ÅCyanosis from shunting (blue)

ÅAir trapping (bloated)

ÅEmphysema ɀPink Puffer
ÅLoss of alveoli

ÅLoss of surface area for O2 absorption (dead space)

ÅHyperventilation to compensate (puffer)

ÅInitially this maintains O2 level (pink)



COPD

ÅChronic Obstructive Pulmonary Disease

ÅIncludes chronic bronchitis, emphysema, asthma

ÅMany similar symptoms (cough, dyspnea, wheezing)

ÅMany similar treatments



ɻρ !ÎÔÉ-trypsin Deficiency

ÅInherited (autosomal co-dominant)

ÅDecreased or dysfunctional AAT

ÅAAT balances naturally occurring proteases

ÅElastasefound in neutrophils & alveolar macrophages



ɻρ !ÎÔÉ-trypsin Deficiency

ÅLung
ÅPanacinaremphysema

ÅImbalance between neutrophil elastase(destroys elastin) and 
elastaseinhibitor AAT (protects elastin)

ÅLower lung damage

ÅLiver cirrhosis 
Å!ÂÎÏÒÍÁÌ ɻρ ÂÕÉÌÄÓ ÕÐ ÉÎ ÌÉÖÅÒ

ÅOnly occurs in phenotypes with pathologic polymerization of 
AAT in endoplasmic reticulum of hepatocytes

ÅSome patients have severe AAT deficiency but no intra-
hepatocyticaccumulation



ɻρ !ÎÔÉ-trypsin Deficiency

ÅClassic case
ÅTypical COPD symptoms: cough, sputum, wheeze

ÅYounger patient (40s)

ÅImaging: emphysematous changes most prominent at bases

ÅObstructive PFTs

ÅQuestion often asks about panacinarinvolvement

ÅThese patients should NEVER smoke
ÅStimulates neutrophil elastaseproduction



Asthma

ÅReversible bronchoconstriction

ÅUsually due to allergic stimulus
ÅType I hypersensitivity reaction

ÅAirways are HYPERresponsive

ÅCommon in children

ÅAssociated with other allergic (atopic) conditions
ÅRhinitis, eczema

ÅMay have family history of allergic reactions



Asthma Triggers

ÅURI

ÅAllergens (animal dander, dust mites, mold, pollens)

ÅStress

ÅExercise

ÅCold

ÅAspirin



AERD
Aspirin Exacerbated Respiratory Disease

ÅAsthma, chronic rhinosinusitis , nasal polyposis
ÅChronic asthma/rhinosinusitis symptoms

ÅAcute exacerbations after ingestion aspirin or NSAIDs

ÅDysregulation of arachidonic acid metabolism

ÅOverproduction leukotrienes

ÅTreatment: Leukotriene receptor antagonists 
ÅMontelukast, Zafirlukast



Asthma Symptoms

ÅEpisodic symptoms

ÅDyspnea, wheezing, cough

ÅHypoxia during episodes

ÅDecreased I/E ratio

ÅReduced peak flow

ÅMucous plugging (airway obstruction/shunt)

ÅDeath: Status asthmaticus



Asthma Diagnosis

ÅUsually classic history/physical exam

ÅMethacholine challenge
ÅMuscarinic agonist

ÅCauses bronchoconstriction

ÅAdminister increasing amounts of nebulized drug

ÅSpirometry after each dose

ÅLook for dose at which FEV1 falls significantly

ÅIf dose is low Ą positive test



Asthma Pathology

ÅRecurrent episodes 

ÅSmooth muscle hypertrophy

ÅInflammation



Asthma Pathology

ÅClassic sputum findings
Å#ÕÒÓÃÈÍÁÎÎȭÓspirals

ÅCharcot-Leyden crystals

Image courtesy of Jmh649

Image courtesy of Patho



PulsusParadoxus

ÅMost frequent non-cardiac causes are asthma/COPD



Bronchiectasis

ÅResult of chronic, recurrent airway inflammation

ÅAirways become permanently dilated

ÅObstruction
ÅLarge airways dilated

ÅSmall/medium airways thickened bronchial walls



Bronchiectasis

Image courtesy of Laura Fregonese, Jan Stolk
Image courtesy of Yale Rosen



Bronchiectasis Symptoms

ÅRecurrent infections

ÅCough, excessive sputum (foul smelling)

ÅHemoptysis

ÅCorpulmonale

ÅAmyloidosis



Bronchiectasis Etiologies

ÅObstruction (tumor)

ÅSmoking 

ÅCystic fibrosis

Å+ÁÒÔÁÇÅÎÅÒȭÓsyndrome 

ÅAllergic bronchopulmonary aspergillosis



Primary Ciliary Dyskinesia
Immotile-cilia syndrome

ÅCilia unable to beat, beat normally, or absent

ÅInherited (autosomal recessive)

ÅGene mutations dynein structure/formation

ÅDynein = motor protein creates movement



+ÁÒÔÁÇÅÎÅÒȭÓsyndrome

ÅChronic sinusitis

ÅBronchiectasis (chronic cough, recurrent infections)

ÅMale infertility

ÅSitusinversus



+ÁÒÔÁÇÅÎÅÒȭÓsyndrome

ÅClassic case:
ÅChild

ÅRecurrent sinus/ear infections

ÅChronic cough

ÅBronchiectasis on chest CT

ÅObstruction on PFTs

ÅSitusinversus

ÅQuestion often asks about dynein protein



ABPA
Allergic bronchopulmonary aspergillosis

ÅHypersensitivity (allergic) reaction to aspergillus

ÅLungs become colonized with Aspergillus fumigatus
ÅLow virulence fungus

ÅOnly infects immunocompromised or debilitated lungs

ÅOccurs predominantly in asthma and CF patients

ÅABPA patients:
Å Increases Th2 CD4+ cells

ÅSynthesis interleukins

ÅEosinophilia 

ÅIgEantibody production



ABPA
Allergic bronchopulmonary aspergillosis

ÅClassic case
ÅAsthma or CF patient

ÅRecurrent episodes cough, fever, malaise

ÅBrownish mucus plugs, hemoptysis

ÅPeripheral blood eosinophilia

ÅHigh IgElevel

ÅBronchiectasis on imaging

ÅPFTs with obstruction

ÅDiagnosis: Skin testing aspergillosis 

ÅTreatment: Steroids 



Summary

Lung Diseases

Restrictive Obstructive

Chronic
Bronchitis

Emphysema
Asthma

Bronchiectasis

Obstruction
Smoking

Cystic 
Fibrosis
+ÁÒÔÁÇÅÎÅÒȭÓ

ABPA

Smoking ɻ1-antitrypsin



Restrictive Lung 
Disease
Jason Ryan, MD, MPH



Restrictive Lung Diseases

Å+ÅÙ ÐÏÉÎÔÓȡ #ÁÎȭÔ ÇÅÔ ÁÉÒ ÉÎ Ą less air out

ÅReduced FVC (less air in/out)

ÅReduced FEV1 (less air in/out)

ÅNormal (>80%) FEV1/FVC (hallmark)



Causes

Å#1: Poor breathing mechanics

Å#2: Interstitial lung diseases



Poor Breathing Mechanics

ÅNot a primary pulmonary issue

ÅUnder-ventilation of lungs

ÅAlveoli working: A-a gradient normal

ÅNeuromuscular 
ÅALS, Polio, myasthenia gravis

ÅStructural
ÅScoliosis

ÅMorbid obesity 



Interstitial Lung Disease

Image courtesy of James Heilman, MD
Image courtesy of Drriad

Bilateral, diffuse pattern 
Small, irregular opacities (reticulonodular )

Ȱ(ÏÎÅÙÃÏÍÂȱ ÌÕÎÇ ÁÐÐÅÁÒÁÎÃÅȢ



DLCO
Diffusing capacity in lung of carbon monoxide

ÅDLCO separates cases restrictive disease

ÅRestriction with normal DLCO
ÅExtra-pulmonary cause: obesity

ÅRestriction with low DLCO
ÅInterstitial lung disease



DLCO

ÅDLCO = diffusing capacity of carbon monoxide

ÅMeasures ability of lungs to transfer gas to RBCs

ÅPatient inhales small amount (not dangerous) CO

ÅCO uptake is diffusion limited
Å!ÍÏÕÎÔ ÔÁËÅÎ ÕÐ Ђ ÄÉÆÆÕÓÉÏÎ ÆÕÎÃÔÉÏÎ ÌÕÎÇÓ

ÅMachine measures CO exhaled

ÅNormal = 75 ɀ140% predicted

ÅSevere disease <40% predicted



Low DLCO Conditions

ÅInterstitial lung disease

ÅEmphysema 

ÅAbnormal vasculature
ÅPulmonary hypertension 

ÅPulmonary embolism

ÅPrior lung resection 

ÅAnemia
ÅCorrects when adjusted for Hb level



Interstitial Diseases

ÅȰ$ÉÆÆÕÓÅ ÐÁÒÅÎÃÈÙÍÁÌ ÌÕÎÇ ÄÉÓÅÁÓÅÓȱ

ÅLarge group of disorders

ÅSimilar clinical, radiographic, physiologic, or 
pathologic manifestations



Interstitial Diseases

ÅIdiopathic pulmonary fibrosis

ÅSystemic diseases with interstitial lung features
ÅScleroderma

ÅRheumatoid arthritis

Å'ÏÏÄÐÁÓÔÕÒÅȭÓ

Å7ÅÇÅÎÅÒȭÓ

ÅSarcoidosis

ÅPneumoconiosis

ÅDrug toxicity (amiodarone, methotrexate)

ÅHypersensitivity pneumonitis



Idiopathic pulmonary fibrosis

ÅMost common type: Idiopathic interstitial pneumonia

ÅSlow onset dyspnea

ÅTypically affects adults over the age of 40



Pneumoconiosis
Occupational lung diseases

Å#ÏÁÌ ÍÉÎÅÒȭÓ ÌÕÎÇ

ÅSilicosis

ÅAsbestosis



#ÏÁÌ ÍÉÎÅÒȭÓ ÌÕÎÇ

ÅInhalation of coal dust particles

ÅCXR or Chest CT: 
ÅSmall, rounded, nodular opacities

ÅPreference for the upper lobes




