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OBJECTIVES

1. Diagram the relationship between lung volumes and capacities.

2. Describe the respiratory system as a 2 structure, 3 compartment model
and describe the pressure in each compartment at rest.

3. Describe how the balance between the elastic recoil of the lungs & the
chest wall determines the functional residual capacity.

4. Describe how the relationship between alveolar, intrapleural,
atmospheric & transpulmonary pressure determines airflow during a
normal respiratory cycle.

5. Describe how lung volume, tissue elastance and alveolar surface
tension affect the static compliance of the lungs.

6. Describe the static compliance of the normal lung with reference to the
pressure-volume curve. Contrast this relationship to the pressure-
volume curves encountered in disease states that increase or decrease
pulmonary compliance.
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Mechanically the respiratory system is composed of two
compartments with elastic properties
the lungs & the chest wall

The pleural cavity lies between the two compartments
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Atmospheric (barometric) pressure is conventionally
considered to be zero

At the end of a normal breath (FRC)

Two Compartments: The Lungs & The Chest Wall
At FRC, intrapleural pressure is — 5 cm H20




At FRC, the pressure across the respiratory system (both
the lungs & chest wall) is zero; the system is at rest.

At FRC, the pressure difference across the lungs and the
chest wall is equal in magnitude but opposite in direction.

PNEUMOTHORAX
Air in the intrapleural space as a result of
puncture of the lungs or the chest wall




PNEUMOTHORAX

¢ Pressure is caused
by gas molecules
striking walls of a
container.

¢ Pressure is related
inversely to the
volume of the
container.

* Inalarge volume,
gas molecules strike
the walls less
frequently, exerting
less pressure.

BOYLE'S LAW
the relationship between pressure & volume
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RESPIRATORY PRESSURES DURING A QUIET BREATH

Inspiration Expiration

1. Inspiratory muscles
contract

2. Chest wall expands, intra-
thoracic pressures
decrease:

« intrapleural pressure
decreases

+ transmural pressure
distending the lungs
increases

« alveolar pressure
decreases

3. Air flows into the lungs
until P A = Patm

Key concept: change in thoracic
volume leads to change in intra-
thoracic pressures.
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YOUR TURN TO THINK ABOUT IT

1. What is the driving
pressure for airflow
into the lungs?

2. What created this
driving pressure?

Atmospheric

3. How come alveolar
pressure decreases
and then swings
back up but pleural
pressure decreases
continuously during
inspiration?

Key concept: to inspire, we create a
pressure less than atmospheric
pressure in the airway (alveoli). We
are negative pressure breathers!
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RESPIRATORY MUSCLE PARALYSIS

The Polio Epidemic of 1950s
The Iron Lung : a negative pressure breathing apparatus

A very small percent of polio cases result
in respiratory muscle paralysis, acute,
chronic, post polio. Rx: cuirasse ventilator

RESPIRATORY PRESSURES DURING A QUIET BREATH

. Inspiratory muscles stop

contracting
Inspiration Expiration

2. Lungs recoil inward [reducing
thoracic volume, compressing &
increasing the intra-thoracic

cavity pressure] Intra-alveolar

pressure

« intrapleural pressure increases Atmospheric

pressure

e Transmural pressure distending
the lungs decreases

« alveolar pressure
increases,rising above Transmural pressure
atmospheric pressure gradient across the Intrapleural

Iung wall 1.£ pressure

3. Air flows out of the lungs until
PA = Patm \

Key Concept: Quiet expiration is passive & \\/
due to the recoil of the lungs increasing "
alveolar pressure above atmospheric pressure.




YOUR TURN TO THINK ABOUT IT

Inspiration Expiration

e The pulmonary
pressure distending
the lungs is always Intra-alveolar
positive during a I pressure
breath cycle. What Almosphaic
does this imply about B
the state of the lungs? —

* Whatis the Transmural pressure
relationship between gradient across the Intrapleural
transpulmonary lung il Y/ pressure
pressure and the \
elastic recoil pressure
of the lungs? /

0.5 tidal volume
liter

VOLUME, PRESSURE & FLOW
DURING A NORMAL QUIET o2
BREATH [EUPNEA] .y

intrapleural pressure, cmH,0

Inspiration:
Inspiratory muscle contraction &
thoracic volume
alveolar pressure -7
Airflow
+0.5—
Note that airflow mirrors swings in alveolar sirfiow, liters/s
pressure o
During inspiration, the change in -0~
intrapleural pressure indicates the afsivectar pressute, emB0

inspiratory muscle force required to
overcome two forces to inflate the

lungs: LUNG COMPLIANCE & AIRWAY
RESISTANCE i -

seconds

O




LUNG COMPLIANCE & AIRWAYS RESISTANCE
key factors in movement of air in & out of the lungs

Compliance is a measure of distensibility of an object ,
a measure of how easily it can be stretched or deformed.

Elastance is the inverse of compliance and refers to the
tendency of an object to oppose stretch or distortion, as well
to its ability to return to its original form, after the distorting
force is removed.

Compliance = 1/Elastance
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There are 3 Key Factors Affecting
the Static Compliance of the Lungs

1. Lung Volume
2. Tissue Elastic Recoil

3. Alveolar Surface Tension

LUNG VOLUME
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LUNG TISSUE ELASTICITY

The lungs are embedded in connective tissue that
surrounds the airways and the alveoli.

Two key connective tissue fibers are :

1) collagen fibers

2) elastin fibers

COLLAGEN FIBERS

* like a strong twine

* high tensile strength
* inextensible




ELASTIN FIBERS

elastic fiber
A

« like a weak spring <a -
* low tensile strength O
» extensible

STRETCH ‘ RELaH

single elastin malecule

cross-link

Compliance of the Lungs Changes with
Loss or Gain of Connective Tissue

aging

loss of elastin

wrinkled skin floppy lungs[ C/]




EMPHYSEMA
[the disappearing lung disease]

destruction of alveolar walls
composed of

elastin & collagen fibers electron micrograph - healthy lung tissue

lung compliance
[ floppy lungs]

EM — emphysematous lungs

PULMONARY FIBROSIS

collagen deposition in alveolar walls
in response to lung injury [e.g.
asbestosis]

EM - healthy lung tissue

" lung compliance
[stiff lungs]




Changes in Lung Compliance Affect Lung Volume (FRC)




SURFACE TENSION

Water molecules at the surface of a liquid-gas interface
are strongly attracted to the water molecules within the
liquid mass this cohesive force is called “surface tension”

Surface tension makes it possible--

for insects to
walk on water

to float
pgrp]) ?/;;jl;;S maintain the
shape of a

droplet




ALVEOLAR SURFACE TENSION

« Air entering the lungs is humidified &
saturated with water vapour at body
temperature.

* Water molecules cover the alveolar
surface.

» Surface water molecules create
substantial surface tension <«—

ALVEOLAR SURFACE TENSION
contributes to compliance of the lungs

Surface tension results in inward
recoil

Inward recoil collapses the alveolus




A CASE OF HIGH ALVEOLAR SURFACE TENSION
Neonatal Respiratory Distress Syndrome (NRDS)

Premature babies born with
inadequate production of
pulmonary surfactant have stiff
lungs that are hard to inflate at
birth

«life threatening condition
sventilator dependent

streated with semi-synthetic
surfactant, intra-tracheal delivery

emother is treated with corticosteroids
during pregnancy

lamellar inclusion bodies




