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Normal structure /function

m Branching airway system (23 divisions) fimsrenes

m Ist 5-6 generations cartilagenous, smooth muscle,
mucus glands Deeperin thelungswe losethe cartilageandthe mucus.Airways becomt

collapsible.Theyactuallycollapsein diseasestateqatelectasis)

m More distal airways membranous

m 300,000,000 alveoli with surface area that of a

tennis court

® Pulmonary capillary blood volume 100-200 ml at

Blood thicknessn thelungis only onecell thick

any glven tlme becauseve spreadheblood out overthelargesurface

area.This "thinness'is importantfor gaseougxchange

The"chokepoint" is the partof the airwaythatmostconsiderablyesistsairflow. At low
volumes the chokepoint (i.e. Pointof Maximum Resistance PMR) is in the small

airways.Theyaren'tfull of air sothey'recollapsible Whenthelungis full, the distal
airwayslosetheir collapsibility andthe PMRis in the largerairwars.



aao9
Callout
Deeper in the lungs we lose the cartilage and the mucus. Airways become collapsible. They actually collapse in disease states (atelectasis)

aao9
Text Box
The "choke point" is the part of the airway that most considerably resists airflow. At low volumes, the choke point (i.e. Point of Maximum Resistance - PMR) is in the small airways. They aren't full of air so they're collapsible. When the lung is full, the distal airways lose their collapsibility and the  PMR is in the  larger airwars. 

aao9
Text Box
Blood thickness in the lung is only one cell thick because we spread the blood out over the large surface area. This "thinness" is important for gaseous exchange. 

aao9
Text Box
Lungs start off as single tubes and branch off 23 times!


Normal structure /function

Restpoint of thelung = Volume of gasin the
lung whenyou takethelungsoutof a person(i.e.

eliminatethe contributionfrom chestmuscles)

m Rest gas volume (functional residual capacity) is

30 ml/kg, maximal gas volume (TLC) is 3 x this.

m Ventilation is 5./min at rest and goes to over

100L./min at max (not the rate limiting step in
€X€IC1S€ — CV System 18) Lungswill notmakeyou stopexercising

Theheartwill. Doesn'tmakemuchsense
to "train your lungs"

m Cardiac output matches ventilation nearly 1:1
(V/Q = 1) up to CV max [ s

thelung hasmoreventilationthanperfusionand

the bottomhasmoreperfusionthanventilation...
but on averaganatchingis almostperfect.
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Callout
Rest point of the lung = Volume of gas in the lung when you take the lungs out of a person (i.e. eliminate the contribution from chest muscles)
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aao9
Text Box
Lungs will not make you stop exercising. The heart will. Doesn't make much sense to "train your lungs"

aao9
Text Box
Altogether the lungs match ventilation (air flow) and perfusion (blood flow) very well. The top of the lung has more ventilation than perfusion and the bottom has more perfusion than ventilation.... but on average matching is almost perfect. 
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Pulmonary Function Testing

B Goals of PFTs

m Normal values - interpretive principles

B Spirometry
® [Lung volumes

m Diffusing capacity
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Rectangle

aao9
Text Box
Important for understanding the value of PFT


Goals of PFT's

m Characterize disease pathophysiology
m Airflow obstruction (COPD, asthma)

= Lung restriction (pleural, parenchymal disorders)

N Neuro—muscular dys fU.ﬂCthﬂ lungsstiffer

m Vascular disorders

m Quantitate dysfunction
m disability assessment

® risk evaluation

How badis it? Describeimpairmentcomparedo normalvalues.Therapy
is basedn deviationfrom the norm. Thisis alsoimportantfor analyzing
risk. He gavesurgeryasanexample For anyprocedurehatrequires
anesthesiaye haveto analyzefor risk sincesomedrugscausepulmonary
toxicity. We canpredictthe patientsvho are susceptiblendalsofollow
thempost-opto seehow they'redoingwhenwe do starttreatment

Why PFT:

1. Putpeoplein "physiological
buckets™ Categorize
accordingto diseasestates

2. Determinehowill our

patientsareand/orhow likely
theyareto becomaill (risk)



aao9
Text Box
Restriction makes the lungs stiffer

aao9
Text Box
 How bad is it? Describe impairment compared to normal values. Therapy is based on deviation from the norm. This is also important for analyzing risk. He gave surgery as an example. For any procedure that requires anesthesia, we have to analyze for risk since some drugs cause pulmonary toxicity. We can predict the patients who are  susceptible and also follow them post-op to see how they're doing when we do start treatment

aao9
Text Box
Why PFT:
1. Put people in "physiological buckets" - Categorize according to disease states
2. Determine how ill our patients are and/or how likely they are to become ill (risk)

aao9
Text Box
Categorize patients
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Normal values - interpretive
prin Ciple S l.e Normalis where

95% of thepopulation
exists.Notethat5% of
normalpeoplewill be

m PIT values predicted by age, sex, ht ‘abnormal Justihe

way it works.

B 95% confidence intervals for normals:
= 80-120% predicted for spirometry

Usually,95% confidence

= 70-130%0 predicted for others ntervalsaresuficienty

representeth this rageof 80%
to 120%for spirometry

m Grading severity: e
® mild if >80% predicted W=
= moderate if 50-80% predicted

m severe it 30-50% predicted

WhataffectsPFT:
Age: PFTvaluespeakduringthelateteens

| VGI‘Y SCVEre lf <300/O Sex:Different b/w menandwomen

Height:"Justbecausef physics..."

Question Whenyou do PFTwith anathletedo you seeanythingspecial?
Answer: No. Trainingimprovesmostlymusclesandcardiovascular

NB. Raceandethnicity probablyplay arole but
we don'tknow yet. Most of theinfo we havenow
is derivedfrom caucasians.

function.A regularpersonis in the high 90sfor oxygensaturationLung
functiondoesn'thavethatmuchroomfor improvemenwith training.
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Text Box
What affects PFT: 
Age: PFT values peak during the late teens
Sex: Different b/w men and women
Height: "Just because of physics..."
--------------
NB. Race and ethnicity probably play a role but we don't know yet. Most of the info we have now is derived from caucasians.
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Callout
I.e Normal is where  95% of the population exists. Note that 5% of normal people will  be "abnormal." Just the way it works. 

aao9
Callout
Usually, 95% confidence intervals are sufficiently represented in this rage of 80% to 120% for spirometry

aao9
Text Box
These grading rules are arbitrary (convenient mathematically)

aao9
Text Box
Question: When you do PFT with an athlete do you see anything special?
Answer: No. Training improves mostly muscles and cardiovascular function. A regular person is in the high 90s for oxygen saturation. Lung function doesn't have that much room for improvement with training. 
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Pulmonary Function Testing

B Goals of PFTs
m Normal values - interpretive principles
B Spirometry

= Lung volumes |

m Diffusing capacity
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Text Box
These 3 tests are 99% of work you do in PFT.


This guy puta pair of
bucketsn eachother,

hadpeopleblow into

> tubes(aftertakinga
Sp lrome try deepbreath)and
decidedon vital
capacity

m Oldest clinical test still in use today - John
Hutchinson in 1848 still has largest collection of
normal values

m Patient inhales to total lung capacity and then
completely exhales as rapidly as possible

m American Thoracic Society has comprehensive
performance standards


aao9
Callout
This guy put a pair of buckets in each other, had people blow into tubes (after taking a deep breath) and decided on vital capacity
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Volumeof curveatthis
line is thevolume
exhaledafter1s(FEV1)

LITERS

...don'tusebucketsanymore Now
uselittle flow censors.

The spirogram

In obstructivediseaselFEV1is reducedout FVC is usuallynormal.The
FEV1/FVCratiois low. FEV1is low becaus®bstructionis worseduring
expiration.Thisis the casebecaus®f the externalpressurdrom our
chestwall (Duringinspiration,we'reexpandinghe chestandreducing
thepressure)This is why we take spirometry readingsduring
expiration. This curveis representativeRatienteventuallygetair out
(parenchymas normal)butit takesforever.

Obstruct

In restrictivediseaseFVC is lower but
theratio of FEV1/FVCremainsntact
at>70%.It oftenincreases.

Restrict

Theratio FEV1/FVCis

Startherewith deep
breath(full lung)

Breathasrapidly aspossible Shouldgo
for 6 secondslf the patientdoesn'igo for
atleast6 secondsywe might needto
repeat.

alwaysanimportantvalueto
have.
Mostmammalscanget70%
of vital capacityoutin the
first secondlrrespectiveof
height,weight,etc

SECONDS
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Text Box
... don't use buckets anymore. Now use little flow censors. 
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Callout
Start here with deep breath (full lung)

aao9
Text Box
Breath as rapidly as possible. Should go for 6 seconds. If the patient doesn't go for at least 6 seconds, we might need to repeat. 

aao9
Callout
Volume of curve at this line is the volume exhaled after 1s (FEV1)

aao9
Text Box
The ratio FEV1/FVC is always an important value to have.
----
Most mammals can get 70% of vital capacity out in the first second. Irrespective of height, weight, etc

aao9
Callout
In obstructive disease, FEV1 is reduced but FVC is usually normal. The FEV1/FVC ratio is low. FEV1 is low because obstruction is worse during expiration. This is the case because of the external pressure from our chest wall (During inspiration, we're expanding the chest and reducing the pressure). This is why we take spirometry readings during expiration. This curve is representative. Patients eventually get air out (parenchyma is normal) but it takes forever. 
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Callout
In restrictive disease, FVC is lower but the ratio of FEV1/FVC remains intact at >70%. It often increases. 


Patterns of pathophysiology

CATEGORY FEV1/FVC FVC RV DLCO
Obstructed areepisoaicin asthma
Asthma nl/dec* nl
Bronchitis dec nl
Emphysema dec nl
Restricted nl dec
Neuromuscular dec dec
Vascular nl nl

Forvasculadisease,

* during exacerbations/methacholine RIS EEUAE

changes
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Callout
FEV1/FVC changes are episodic in asthma

aao9
Callout
For vascular disease, neither FEV1 nor FVC changes

aao9
Rectangle


Informationfrom the spirogramcan

[ J
The spirogram [ ..

volumecurve.

B After medications

®m bronchodilators

Usedin patientswith normal
FEV1/FVCratioin whomwe

| methaChOIine suspecasthmaThisdrug

attemptdo initiate anasthma
attack.

m Plotted as a flow-volume curve (“loop”)
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Callout
Used in patients with normal FEV1/FVC ratio in whom we suspect asthma. This drug attempts to initiate an asthma attack. 

aao9
Text Box
Information from the spirogram can be manipulated by taking medications and/or plotting a flow/volume curve.
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The spirogram - post medications

m Post bronchodilator (4 puffs beta agonist)
With albuterolfor
m increase by 15% considered significant

3 s Q @ Controversyabouthow muchthis should
| Pdoes 1t Change Chﬂlcal d@ClSlOﬂS affectdecisionmaking.Shouldyou not give
someonalbuterolfor emergencyelief
becauséheyaren'timprovingby 15%?

Patientcomesin with historythatfits
asthma..buttheir spirogramis normal.You

H POSt methaChOhne <up tO 8mg/m1> canprovokeanasthmaattackusing

methacoline!

m diagnostic of asthma when FEV1 falls >20%

Interestingly methacholinenly worksin peoplewith

u DOSC response deﬁﬂes Seveﬂty asthmalt hasno effectin peoplewho don'thaveasthma

Questiont Why don'tnormalpeoplefeel
theresponses?

Answer: If you couldanswerit I'd give
you afellowshipin pulmonology(l.e. We
don'tknow)
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Callout
With albuterol for example

aao9
Text Box
Patient comes in with history that fits asthma... but their spirogram is normal. You can provoke an asthma attack using methacoline!

aao9
Text Box
Question: Why don't normal people feel the responses? 
Answer: If you could answer it I'd give you a fellowship in pulmonology (I.e. We don't know)

aao9
Text Box
Controversy about how much this should affect decision making. Should you not give someone albuterol for emergency relief because they aren't improving by 15%? 
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Text Box
Interestingly, methacholine only works in people with asthma. It has no effect in people who don't have asthma


Methacholine challenge

This happengor most
of us(Hardly any
effect)

@
=2
S
-é sor- Thisis whathappendor people
c who haveasthmahatdoesn't
S S0 manifestitself with tests("Closet
o asthmatics")FEV1 reduceswith
s 40 increasingdosesof methcoline
<
> 10+
g o— —o Normal Subject
20 *——e Asthmatic
|- jPDzotrev,)
ob | . i H ) { i ]
0.1 1.0 {0 100 ¢000
Control

Cumulative Inhalation Units {Methacholine)
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Callout
This happens for most of us (Hardly any effect)

aao9
Callout
This is what happens for people who have asthma that doesn't manifest itself with tests ("Closet asthmatics"). FEV1 reduces with increasing doses of methcoline


The spirogram

B After medications
® bronchodilators

® methacholine

Plotgraphasflow rate
againstvolume(compare

. PlOtt@d aS 21 ﬂOW—VOlumG CusC (cclOOp”> volumeagainstime curve

from normalspirometry)
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Text Box
Plot graph as flow rate against volume (compare volume against time curve from normal spirometry)


The spirogram - converting to a

Normal Curve:Flow Volume
againsftTime

ConvertedCurve:Flow Rate
againstvolume

Manipulatetheinformation

flow volume curve [

measurement® getflow
ratedata

Key:

A: Normal

B: ObstructiveLung Disease
C: RestrictiveLung Disease

TheFlow ratevs. Volumegraphhelpsusdistinguish
betweersmallandlargeairwayabnormalitieslt's
particularlyusefulatlow lung volumeswheresmall
airwaysarePMR - Smallairwaydiseasas oftena
precursotto largeairway diseasendlossof lung
volume.Findingthis earlyallowsuscatchthe process

2.0 2.0
Volume (L)

beforetotal compromiseof lung function.
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Text Box
Manipulate the information from spirometry measurements to get flow rate data

aao9
Text Box
The Flow rate vs. Volume graph helps us distinguish between small and large airway abnormalities. It's particularly useful at low lung volumes where small airways are PMR - Small airway disease is often a precursor to large airway disease and loss of lung volume. Finding this early allows us catch the process before total compromise of lung function.

aao9
Text Box
Normal Curve: Flow Volume against Time 

aao9
Text Box
Converted Curve: Flow Rate against Volume

aao9
Text Box
A

aao9
Text Box
A

aao9
Text Box
B

aao9
Text Box
B

aao9
Text Box
C

aao9
Text Box
C

aao9
Text Box
Key: 
A: Normal 
B: Obstructive Lung Disease
C: Restrictive Lung Disease


Flow-volume curve

m Allows better assessment of airway
characteristics at low lung volumes
® as lung empties, “choke point” for flow moves

distally from large cartilagenous airways to small
membranous airways

m these small airways may be earliest site for airway
diseases
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Flow-volume curve

Theflow ratevs volumecurvesgive very "noisy" numbers.

. Can b e aS S e S S ed- Therangeof normalis very wide andit's difficult to interpret

He doesn'useit.
= visually - appears “concave” downward with airway
disease and often below tidal loop

m FEF 25-75 is mean flow during mid exhalation

B In setting of normal FEV1/FVC, abnl flow
volume curve suggests early airway disease

l.e.in early stagesof
diseaseFEV1/FVC
mightbenormal.We

cancatchthesmall
airwaydiseasearly
usingtheflow ratevs
volumecurves.
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Text Box
The flow rate vs volume curves give very "noisy" numbers. The range of normal is very wide and it's difficult to interpret. He doesn't use it. 
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Callout
I.e. in early stages of disease, FEV1/FVC might be normal. We can catch the small airway disease early using the flow rate vs volume curves.


Trial 3

Graphfor sequencef deepbreath
followed by rapidexhalationThis
personhasterriblelung function
with alow initial flow andvery
dramaticdisappearancef flow

Breathingat Rest
r (Tidally)

3
-0.5 0.0

0.5 1.0
VYolume

Whenthe patientis
breathingtidally, there'sa
certainflow rate.Whenthe
patienttakesthe deep
breathandbreathes
forcefully, flow actually
endsup beingslowerthan
whatit wasduringtidal
breathing.Thisis very
abnormal Characteristiof
collapsingairways.You
pushonthemandtheyslam
shut.
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Callout
Breathing at Rest (Tidally)

aao9
Callout
Graph for sequence of deep breath followed by rapid exhalation This person has terrible lung function with a low initial flow and very dramatic disappearance of flow

aao9
Text Box
When the patient is breathing tidally, there's a certain flow rate. When the patient takes the deep breath and breathes forcefully, flow actually  ends up being slower than what it was during tidal breathing. This is very abnormal. Characteristic of collapsing airways. You push on them and they slam shut.



Upper Airway Evaluation

For eachof theseflow
volumeloops,the part . "
aovenexadsepresens| - LI[per Airway Obstruction Profile
exhalation. The partbelow
representhalation. Exhalationis near VariableObstruction: FixedobstructionBoth

normalbutinhalation Exhalationis impairec exhalationandinhalationare
is impaired. .| butinhalationis impaired(E.g. Upperairway

obstruction(laryngeal
obstructiongoiter)

constrictshetrachea
L.\\_______‘___/’/ andflow volumeloop
. ; becomeslmosta
“ariakle Yariahle Fixed squareThethird oneis
Extrathoracic Intrathoracic Extrathoracic e
Obstruction  Obstruction Obstruction nowvery common
(Zhord Paraly=is) [ Trachael Stenoziz) | |becausef lung

normal(during narrowingatthe anastomotisite
exhalationpressure of lung transplant)
collapsesirways)
rate ;
Easypointonyour
pulmonaryboards:
Upperairway

)
l ) \

transplants
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Text Box
For each of these flow volume loops, the part above the x axis represents exhalation . The part below represents inhalation.

aao9
Line

aao9
Line

aao9
Text Box
Volume

aao9
Text Box
Flow rate

aao9
Text Box
Exhalation is near normal but inhalation is impaired. 

aao9
Text Box
Variable Obstruction: Exhalation is impaired but inhalation is normal (during exhalation, pressure collapses airways)

aao9
Text Box
Fixed obstruction: Both exhalation and inhalation are impaired (E.g. Upper airway narrowing at the anastomotic site of lung transplant)

aao9
Text Box
Easy point on your pulmonary boards: Upper airway obstruction (laryngeal obstruction, goiter) constricts the trachea and flow volume loop becomes almost a square. The third one is most common. Upper airway narrowing is now very common because of lung transplants


Pulmonary Function Testing

B Goals of PFTs

m Normal values - interpretive principles

Question: Where'she

" Mostcommon cheap midpointfor switchingthe
] Splfometry butrequirespatient choEepointfrom Iargegto
cooperation smallairways?
Answer: It'sright around
B Lung VOlumeS the midpointof inspiration

. Difquing CapaCitY Leastimportant.Most

expensiveDoesn't

requiretoo much
patientcooperation
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Callout
Most common, cheap but requires patient cooperation

aao9
Text Box
Question: Where's the midpoint for switching the chokepoint from large to small airways?
Answer: It's right around the midpoint of inspiration. 
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Callout
Least important. Most expensive. Doesn't require too much patient cooperation


Much morecomplicatedhan

Lung VOlume S the spirogramcosts$40,000!

Not performedasoften.

m The spirogram measures the maximal amount of
gas a subject can voluntarily move

m [Lung volume testing is primarily aimed at
measuring the remaining gas in the lung after
full exhalation (residual volume)


aao9
Text Box
Much more complicated than the spirogram, costs $40, 000! Not performed as often. 
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Here,replaceall thegasin thelung with
inertgas,oftenhelium(alongwith a known
concentratiorof O2 sopeoplekeep
breathing).This is doneby diluting thelung

gaswith theinertgasovera periodof time I 1 “"We don'thavetime to go
(4 - 7 minutes).To get TLC, measurehe ung “ O ume S throughthis
amountof inert gasthatcomesoutwhen

patientstartsto breathenormalair
(accountingor O2 partof "inert gas")

B [ung gas volume at the “rest point” or
functional residual capacity 1s measured by one

of several techniques:

Putpatientin a box. Patientexhaleghrougha mouthpiece.Mouth pieceis closedto "seal"
thebox. Patienttheninhales.Sinceit's a closedsystemdecreasén lung pressuravith

& plerhysmography inhalationleadsto changesn box pressureBoyle'slaw is usedto find volumes.

® inert gas dilution

Patientexhalesentirevital capacity(leavingonly residualvolume)andtheninhalesnitrogen
gas.This nitrogenmixeswith nitrogenin residualvolume.Sincemostof theair in residual

[ nltrogen WaShout volumeis nitrogen total volumeof nitrogengivesTLC (makeassumptionaboutC0O2,02,

etcleft in theresidualgas)

m Residual volume is then calculated by having
patients fully exhale and subtracting this volume

Knowing thatyou
startedwith 80%you

canmeasuresolume.
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Callout
Knowing that you started with 80% you can measure volume. 

aao9
Text Box
"We don't have time to go through this"

aao9
Text Box
Put patient in a box. Patient exhales through a mouth piece. Mouth piece is closed to "seal" the box. Patient then inhales. Since it's a closed system, decrease in lung pressure with inhalation leads to changes in box pressure. Boyle's law is used to find volumes. 

aao9
Text Box
Patient exhales entire vital capacity (leaving only residual volume) and then inhales nitrogen gas. This nitrogen mixes with nitrogen in residual volume. Since most of the air in residual volume is nitrogen, total volume of nitrogen gives TLC (make assumptions about CO2, O2, etc left in the residual gas)

aao9
Callout
Here, replace all the gas in the lung with inert gas, often helium (along with a known concentration of O2 so people keep breathing). This is done by diluting the lung gas with the inert gas over a period of time (4 - 7 minutes). To get TLC, measure the amount of inert gas that comes out when patient starts to breathe normal air (accounting for O2 part of "inert gas")


... Skipped

Body Plethysmography

% J Body Plethysmography
] | Measurement of Static Lung Volumes Pressure
Lné% (Yt Volume of Thoracic Gas) BT

W

20 mi
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Text Box
... skipped


Static Lung Volumes

Clinical Application Notes

Normal
N2 Wash-out
Pattern

Yolume
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Text Box
... skipped


A

B

E
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Patterns of pathophysiology

CATEGORY FEV1/FVC FVC 147
Obstructed
Asthma nl/dec* nl inc*
Bronchitis dec nl inc
Emphysema dec nl inc
Restricted nl dec dec
Neuromuscular dec dec inc
Vascular nl nl nl

* during exacerbations/methacholine

DLCO

With obstructionair can'tleavewell so
residualvolumeincreasegremember

expirationis theworsepart of
obstructivediseasastheincreased
pressureollapsesirways)

With restriction,you
don'tgetenoughair
into thelungs.RV
decreases

With neuromuscular
pulmonopathyyoujustcan't
pushoutenoughair. RV
increases.

No changen RV with
vasculampulmonopathy
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Callout
With obstruction, air can't leave well so residual volume increases (remember expiration is the worse part of obstructive disease as the increased pressure collapses airways)

aao9
Callout
With restriction, you don't get enough air into the lungs. RV decreases

aao9
Callout
No change in RV with vascular pulmonopathy

aao9
Callout
With neuromuscular pulmonopathy, you just can't push out enough air. RV increases.


Pulmonary Function Testing

® Goals of PFTs

m Normal values - interpretive principles
B Spirometry

® [Lung volumes

m Diffusing capacity
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Diffusing capacity

m CO uptake dependent on:

Measureof theamountof blood

= Ve capillary blood volume (incl Hb ) [ e e

® Dm: alv-cap membrane properties
m CO uptake measured by

® inhaling small concentrations CO

® holding breath 10 sec

® measuring exhaled CO Gothroughthesesteps

to measurénow well
gasis diffusinginto

thecapillaries
(Comparewith
standards)
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Text Box
Measure of the amount of blood reaching alveolar capillary membranes

aao9
Text Box
How much gas diffuses between the capillaries and the alveoli
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Callout
Go through these steps to measure how well gas is diffusing into the capillaries (Compare with standards)


Pathologic changes that affect
Dm, Vc and DLCO mrmrs

measurghe amountof
bloodthatis thereto pick
upCO

Terminal A Normal

bronchiole

B. Emphysema
C. IPF
D. Lobectomy

E. Vasculitis
vessels

Alveolus

Capillary

Diffusion actuallygoesupin acute
situationwith left ventricularfailure
becauseapillarybedsareengorged.
Long standingfailure however,
damagewessels.

3 waysto increasaliffusion without
touchingyou:

- IncreaséHR (exercise)

- Lay youflat. Gravity affectsmuchless
- Molar manoeuverCloseglottis and
inspire(oppositeof valsalvar)
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Callout
Diffusion actually goes up in acute situation with left ventricular failure because capillary beds are engorged. Long standing failure however, damages vessels.

aao9
Text Box
3 ways to increase diffusion without touching you: 
- Increase HR (exercise)
- Lay you flat. Gravity affects much less
- Molar manoeuver. Close glottis and inspire (opposite of valsalvar)

aao9
Text Box
Think of diffusion test as a measure the amount of blood that is there to pick up CO
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Text Box
Fibrosis

aao9
Text Box
Destroy vessels

aao9
Text Box
Loss of diffusion


... Skipped

The single breath DL.CO
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DLCO =In (CO/i/Cot) x VA X 1/t
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Real time analysis
allows adjustments
to Vd and Vs

N/

Washout volume

Sample volume
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Measuring DLCO (TLCO)

What adjustments are needed for proper

interpretation?

Thefactorson this

pagecanskewyour
measurement®r
DLCO.

m Factors that can impact the measurement:

= Hemoglobin

m Men:
m  DLCOpredicted for Hb = DL.COpredicted 1.7 Hb / (10.22 + Hb)
. Women:

s DLCOptedicted for Hb = DLCOpredicted 1.7 Hb / (9.38 + Hb)
= PiO2
m COHDb
m Ventilation distribution

® Lung volume

Equationgo
appropriatelyadjust
DLCO to match
standardg¢Didn't

emphasizeéhese
equationssol wouldn't
cramthem...)
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Callout
Most important

aao9
Callout
The factors on this page can skew your measurements for DLCO.
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Callout
Equations to appropriately adjust DLCO to match standards (Didn't emphasize these equations so I wouldn't cram them...) 


Measuring DLCO (TLCO)

What adjustments are needed for proper
interpretation?

m Factors that can impact the measurement:

= Hemoglobin

3 Patientwith alot of O2
| PIOZ will outcompetecO

DLCO predicted for altitude = DLCO predicted / (1.0 + 0.0035[PAO2 - 120])
= COHb

m Ventilation distribution

® Lung volume


aao9
Callout
Patient with a lot of O2 will outcompete CO

aao9
Text Box
More correction equations


Measuring DLCO (TLCO)

What adjustments are needed for proper
interpretation?

m Factors that can impact the measurement:

= Hemoglobin

CigaretteshaveCO

N PIOZ which affectsthe

measuremerginceit's
m COHb
DI.COpredicted for COHb = DIL.COpredicted (102% - COHb%o)

CObasedest

m Ventilation distribution

® Lung volume


aao9
Callout
Cigarettes have CO which affects the measurement since it's  CO based test

aao9
Text Box
CO correction equation


Measuring DLCO (TLCO)

What adjustments are needed for proper
interpretation?

m Factors that can impact the measurement:
= Hemoglobin
= P102
= COHb
= Ventilation distribution

Top of thelung hasa bit of deadspace

[] Luﬁg Volume (moreventilationthanperfusion).Bottom

of thelungis abit of ashunt(more

perfusionthandiffusion). This distribution
variesin differentindividuals.Canskew
resultsin onedirectionor the other



aao9
Callout
Top of the lung has a bit of dead space (more ventilation than perfusion). Bottom of the lung is a bit of a shunt (more perfusion than diffusion). This distribution varies in different individuals. Can skew results in one direction or the other


... Skipped


aao9
Text Box
... skipped


Eftfects of poorly ventilated

regions
B DLCO measures CO uptake from regions into
which it 1s inhaled

m [n severe OAD, many regions cannot get
measurable CO into them during a single breath
and thus global DLLCO appears reduced

m Suspect this when the tracer gas dilution Va is
very low - if the tracer gas cannot distribute,
neither can the CO distutons bsorvedProion

roughmeasuref lung ventilation.


aao9
Text Box
... skipped. Read the slide. 

aao9
Text Box
Tracer gas is put into the lungs and its distribution is observed. Provides a rough measure of lung ventilation. 


Measuring DLCO (TLCO)

What adjustments are needed for proper
interpretation?

m Factors that can impact the measurement:
= Hemoglobin
= P102
= COHb
= Ventilation distribution

® Lung volume

Lung volumewill

affectrateof gas
diffusion



aao9
Callout
Lung volume will affect rate of gas diffusion


... Skipped

Lung volume effects - low Vi

Dm = Membrane
resistance

VC = Vital Capacity

- Less than maximal Vi
- lower Vc and Dm (dark)
- Lobectomy/pneumonectomy
- lower Dm, VC recruited
(light)
- Simple DI/Va does NCT

“correct” (ie not 1:1) e e 60

With alobectomy you'dsuspecthatthere's VA (CU”QHI)’ VA (p{(,disease) %

decreasediffusion becaus®f thedecreased
volume.Thisis truebutnotto theextentthatyou

......

(predisease) %

on
L
e e e — —

L.co {current)! 7L.CO

would imagine.Theperfusionin theremaining
lobesincreaseso providecompensatiofior the
lost diffusion capacity.


aao9
Text Box
... skipped

aao9
Callout
With a lobectomy, you'd suspect that there's decreased diffusion because of the decreased volume. This is true but not to the extent that you would imagine. The perfusion in the remaining lobes increases to provide compensation for the lost diffusion capacity.

aao9
Text Box
Dm = Membrane resistance
VC = Vital Capacity


Ratioof Diffusing

Capacityof Lung ... skipped.Readthe
(DL) to Alveolar slide

Volume (VA)

m [f DL reduced proportionally to VA, suggests
equal loss of lung and vascular tissue — not

“normal’

m [f DL reduced less than VA (high DI./VA

ratio), suggests poor etfort, chest wall restriction,

Gasdiffusesinto theblood okay. To do this, we haveto

WwWEe akne NIl oetthe gasto thealveoli. Herewe'rejust notdoingthat

well enough(l.e. we'renotgettingenoughof gasin
contactwith bloodvessels)

m [f DL reduced more than VA (low DL/VA),

Gasis gettinginto the alveolibutit's not diffusing

suggests vascular disease [T



aao9
Text Box
... skipped. Read the slide

aao9
Text Box
Ratio of Diffusing Capacity of Lung (DL) to Alveolar Volume (VA)

aao9
Text Box
Gas diffuses into the blood okay. To do this, we have to get the gas to the alveoli. Here we're just not doing that well enough. (I.e. we're not getting enough of gas in contact with blood vessels)

aao9
Text Box
Gas is getting into the alveoli but it's not diffusing into the blood. 


Measuregaseous
exchangesopposed

to mechanical

Patterns of pathophysiologs®

CATEGORY FEV1/FVC FVC RV 0] Modo
Differentiatingtestfor
emphysemalf there'sa
Obstructed problemwith diffusion (in
- dditionto th tof th
Asthma nlidec* nl nllinc* nl FEVL.FVC, FV profie),
Bronchitis dec nl inc nl e s
- absorptiveability. If there's
Emphysema dec nl inc dec no effecton diffusionthen
thebronchiareaffected.
Restricted nl dec dec nl/dec
Neuromuscular dec dec inc nl
Vascular nl nl nl dec

- - ~ Y thi
* during exacerbations/methacholine solatediinding (only
DLCO s abnormal)

Question: SeeingasRYV testis leastimportantout mostexpensivedoesanyonedo il andyou know its a

vasculanissue

it?
Answer: 12,000testsatduke- all havespiro, 50%haveDLCO, 25%haveRV



aao9
Callout
Differentiating test for emphysema. If there's a problem with diffusion (in addition to the rest of the FEV1, FVC, FV profile), problem is emphysema since this problem reduces absorptive ability. If there's no effect on diffusion then the bronchi are affected.

aao9
Rectangle

aao9
Rectangle

aao9
Callout
You see this as an isolated finding (only DLCO is abnormal) and you know its a vascular issue

aao9
Callout
Measures gaseous exchange as opposed to mechanical behavior

aao9
Text Box
Question: Seeing as RV test is least important but most expensive, does anyone do it? 
Answer:  12,000 tests at duke - all have spiro,  50% have DLCO, 25% have RV


Pulmonary Function Testing

Recapof thethingswe

talkedabout

® Goals of PFTs

m Normal values - interpretive principles
B Spirometry

® [Lung volumes

m Diffusing capacity


aao9
Text Box
Recap of the things we talked about




