Just the Cards

A Survey of Respiratory Physiology in 34 Flash Cards
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First: Eat Your Vegetables

- Some Physiology Nomenclature P = partial pressure (mmHg or Torr)
B = barometric
PB = barometric pressure (760 mmHg at sea level)
PH2O = water vapor pressure (47 mmHg at body temp)
FIO2 = fraction of inspired O2 (0.21 in our atmosphere)
PIO2 = partial pressure of moist, humidified, inspired O2
PAO2 = partial pressure of alveolar O2
PaO2 = partial pressure of arterial O2
PACO2 = partial pressure of alveolar CO2

PETCO2 = partial pressure of end-tidal CO2 (usually = PACO2)
PaCO2 = partial pressure of arterial CO2
R = respiratory quotient = VCO2/VO2 (0.8 with normal diet)
VA = alveolar ventilation
VO2 = oxygen consumption
VCO2 = carbon dioxide production
VE = minute ventilation (amount exhaled “E” in 1 minute)
VD = dead space (wasted ventilation)
VT = tidal volume (volume of a normal, single breath)
f = frequency of breathing (respiratory rate)
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A Few Useful Gas Laws:
Dalton’s Law: Each dry gas in a mixture of gases
contributes a partial pressure to the total partial
pressure in proportion to the relative number of
molecules it contributes.
Boyle’s Law: At a constant temperature, pressure and
volume are inversely related.
Charles’ Law: At a constant pressure, temperature and
volume are directly related.
Henry’s Law: The number of molecules dissolved in a
liquid is proportional its partial pressure.
Ideal Gas Law: PV = nRT
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The

Time Constant

(usually denoted as τ)

Prolonged alveolar emptying:

Emphysema:
Chronic Bronchitis:

From: Munis, JR. Just Enough Physiology, 2012

large C
large R
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Pleural
Space

Chest Wall & Diaphragm

Lungs

The chest wall and diaphragm function as a unit to pull the lungs outward
and open, creating a vacuum like the plunger of a syringe being withdrawn
from the barrel of the syringe. The lungs, however, prefer not to be pulled
outward. If given their way, they like resting at a lower volume. So the chest
wall on the one hand and the lungs on the other hand pull away from each
other. They reach a peaceful compromise of forces at the lowest energy
state called “Functional Residual Capacity” or “FRC”. This creates a negative
(sub-atmospheric) pressure in the potential space (called the pleural space)
between them. This is why, if a hole is made in either the lung or the chest
wall, air is drawn into the pleural space creating a pneumothorax. When this
happens, the lung is free to collapse to its preferred lower volume and the
chest wall is free to expand to its preferred higher volume.
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Compliance curve of
the normal upright lung

What happens during a
pneumothorax with
decreased lung volume?

Compliance = ΔV/ΔP
Elastance = ΔP/ΔV
From: Munis, JR. Just Enough Physiology, 2012
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The Normal Flow-Volume Loop

From: Munis, JR. Just Enough Physiology, 2012
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The Pathologic Flow-Volume Loops

From: Munis, JR. Just Enough Physiology, 2012
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Compared to humans, dolphins take very few and
very large breaths. Since dead space (VD) is fixed, as
tidal volume (VT) increases, the VD/VT ratio
decreases. This allows the dolphin to achieve a
normal alveolar ventilation (VA) and therefore a
normal PaCO2 even with a very low respiratory rate
(f). In turn, this allows the dolphin to maintain
almost constantly inflated lungs for buoyancy. Clever.

PaCO2 = K (VCO2/VA)
VA = fVT(1-VD/VT)

Bar graph above Adapted by M. Lewis:
(http://www.bio.davidson.edu/people/midorcas/animalphysi
ology/websites/2005/Lewis/index.htm) from: Wartzok, D.
2002. Breathing. Pp. 164-169 In W.F. Perrin, B. Wursig and
J.G.M. Thewissen, (eds.). Encyclopedia of Marine
Mammals. Academic Press, San Diego
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Control of Ventilation: Response to CO2 occurs in both the brainstem
chemoreceptors as well as in the carotid body chemoreceptors. Response to
O2 occurs in the carotid body chemoreceptor only.
Ventilatory Response to Hypoxia
At Different PaCO2’s

Ventilatory Response to Hypercapnia
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Compliance curve of
the normal upright lung

As you move down the upright lung, both
ventilation (VA) and perfusion (Q) increase,
but perfusion increases more, so the ratio
of VA/Q decreases as you move down the
lung. That’s why the PO2 is higher at the
apex than at the base. That’s also why T.B.
bacilli reproduce faster in the apex (T.B.
prefers a high oxygen environment).

What happens during a
pneumothorax with
decreased lung volume?

Compliance = ΔV/ΔP
Elastance = ΔP/ΔV
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From: Munis, JR. Just Enough Physiology, 2012
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All gases in a mixture add their partial pressures together
to make the total barometric pressure, PB (Dalton’s Law).
Water vapor, however, is different from the “dry gases”.
Water vapor pressure (PH2O) always takes its share of the
total partial pressure first. Then the other (dry) gases are
free to compete for what’s left over. At body temperature,
PH2O = 47 mmHg.
That’s why the partial pressure of oxygen in moist,
humidified air (PIO2) is calculated as:

PIO2 = (PB – PH20)FIO2
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The Alveolar Air Equation allows you to calculate what the
alveolar PO2 is, given barometric pressure, fraction of
inspired oxygen, alveolar carbon dioxide, and respiratory
coefficient (R):

PIO2

PAO2 = (PB – PH20)FIO2 – PACO2/R
You can then compare this with what the arterial PO2 (the
“PaO2”) is, and the difference is called the “A-a gradient”:

A-a gradient = PAO2 – PaO2
This gradient tells you how efficiently the lungs are
oxygenating the blood. It should be < 5-10 mmHg.
Assume that R = 0.8, and PH2O = 47 mmHg
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From: Munis, JR. Just Enough Physiology, 2012
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Shunt
V/Q = 0

Normal
V/Q = 1

50

PACO2

Dead Space
V/Q =
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PAO2
Adapted From: West, JB. Respiratory Physiology: The Essentials, 2008
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From: Munis, JR. Just Enough Physiology, 2012
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Fick’s Law of Diffusion:

Q = K(ΔP)S/t

Where:

Q =flux (movement of molecules through a surface)
ΔP = pressure gradient
S = surface area
t = thickness
K = diffusibility constant (= solubility in membrane/√MW)

!

Does this relationship
remind you of Ohm’s Law
of Electricity (a voltage, a
current, and a resistance …
analogous to a pressure, a
flow, and a resistance)?

25

Diffusion Limited gases:

Perfusion Limited gases:

Partial pressure equilibration
is never reached between
alveolus and blood

Partial pressure equilibration
is reached between alveolus
and blood

Low ratio of solubility in
membrane to solubility in
blood (low α/β)

High ratio of solubility in
membrane to solubility in
blood (high α/β)

Occurs with gases that are
more soluble in blood (like
carbon monoxide)

Occurs with gases that are
less soluble in blood (like
nitrous oxide)

Solubility in membrane
( α)

O2
Alveolus

Solubility in blood
(β)
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The Oxyhemoglobin Dissociation Curve:

From: Munis, JR. Just Enough Physiology, 2012
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Dr. Munis’ Guide to Painless ABG interpretation:

Step 1:

You need only consider the pH, PCO2, and PO2. Most of the other numbers reported with an
ABG are derived (calculated), not primarily measured. For example, the bicarbonate is calculated from the pH
and PCO2 – it is not measured by any machine in the blood gas lab. It is all right to use the “bicarbonate”
value, or the “base deficit” number as rough markers of metabolic acidosis, but remember that they tell you
nothing that the pH and PCO2 don’t already reveal.

Step 2:

Is the pH normal, acidotic, or alkalotic? Assume, for ease of calculation, that a normal
arterial pH is 7.40.

Step 3:

Is the PCO2 normal, elevated (hypoventilation), or decreased (hyperventilation)?
Assume a normal arterial PCO2 of 40 mmHg.

Step 4:

If the pH is abnormal, can the PCO2 by itself account for it? To answer that question, you’ll need the following rule of thumb: for every
change in PCO2 of 10 mmHg, there is a corresponding change in pH of 0.08. Any deviation of pH from normal that can be accounted for by PCO2 is
“respiratory” in origin, and any additional deviation from normal pH is assumed to be metabolic in origin.

Step 5: In a “mixed” (both respiratory and metabolic) acid-base disturbance, the primary disorder pushes the pH further than the

compensatory disorder. For example, if there is a coincident metabolic acidosis and respiratory alkalosis (pH 7.36, PCO2 30 mmHg), how do you know which
came first, and which is compensatory for the other? The answer is that the primary disorder pushes the pH further than the compensatory disorder. Since the
PCO2 of 30 mmHg predicts a pH of 7.48 (remember the rule of thumb above), but the pH is actually acidotic, the pH has been pushed further toward acidosis
than alkalosis. Therefore, the metabolic acidosis must be primary, and the respiratory alkalosis must be compensatory.

Step 6: Look at the PO2.

Now that you know how to calculate an A-a gradient, you can put numbers to the efficiency of lung oxygenation. As you
learned in the section on atmospheric pressures, the A-a gradient reveals how well the lungs are working to oxygenate the blood independent of the level of
alveolar ventilation. That’s because the alveolar air equation takes into account alveolar PCO 2, so any significant gradient will be due to the other causes of
hypoxemia (V/Q mismatch, shunt, or diffusion impairment).

From: Munis, JR. Just Enough Physiology, 2012
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Why areas of the lung with high V/Q can’t
make up for areas of the lung with low V/Q
Well-oxygenated
Blood from areas
of the lung with
high V/Q ratios

Poorly-oxygenated
Blood from areas of
the lung with
low V/Q ratios

+

=

PO2 = 500

PO2 = 27

CaO2 = 20

CaO2 = 10

O2 Sat = 100%

Mixture of the two

O2 Sat = 50%

PO2 = 45
CaO2 = 15
O2 Sat = 75%

The Saturations (or the Contents) are additive,
not the PO2’s
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The CO2 Story

O2 or CO2 content

The CO2 dissociation curve is both more
steep and more linear than the O2
dissociation curve (OHDC). This means
that changes in PCO2 and changes in CO2
content mirror each other. Additionally, in
terms of absolute content, the blood
holds more CO2 than O2.
PO2 or PCO2
Dissolved
5%
Carbamino
5%

Dissolved
10%

Carbamino
30%

Bicarbonate
90%

Arterial

Bicarbonate
60%

Venous
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Why well-ventilated areas of the lung with low
PCO2 can make up for poorly ventilated areas of
the lung with high PCO2
Blood from wellventilated regions

Blood from poorlyventilated regions

+

Mixture of the two

=

PCO2 = 40

PCO2 = 45

CaCO2 = 45

CaCO2 = 50

PCO2 = 42.5
CaCO2 = 47.5

As opposed to the OHDC, the CO2 dissociation curve is
essentially linear, so a change in PCO2 is mirrored by an
equivalent change in CO2 content. i.e., a mixture of blood will
result in an averaging of both CO2 content as well as CO2 partial
pressure. Contrast this with oxygen and the OHDC.
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The Fick Principle:
VO2 = CO (CaO2 – CVO2)

Where CO = cardiac output
CaO2 = arterial O2 content = 1.37[Hgb]%Sat + 0.0031(PaO2)
CVO2 = mixed venous (pulmonary artery) O2 content

!

Does this relationship
remind you of the Law of
Conservation of Mass?
(that’s all it is)

?

When football players
wear oxygen masks on
the sidelines, how
significantly does this
effect their arterial
oxygen content (CaO2)?
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The Starling Forces
for Edema Formation:

Q = K[(Pc – Pi) - σ(∏c - ∏i)]
Where
Q = edema flux (transudation)
K = diffusion coefficient
Pc = capillary pressure
Pi = interstitial pressure
∏c = capillary oncotic pressure
∏i = interstitial oncotic pressure
σ = filtration coefficient (1 = no protein
movement across; 0 = wide open)

33

The Shunt Equation:
Qs/Qt = (Cc – Ca)/(Cc - Cv)
Where:
Qs = shunt flow
Qt = total blood flow
Cc = end-pulmonary capillary O2 content
(estimated from PAO2, Hgb, and %Sat)
Ca = arterial O2 content
Cv = venous O2 content

Cc

!

Lung
Deriving the shunt
equation looks
complicated, but
it’s all just algebra
and conservation of
mass

Qt- Qs
Qt

Cv
Qs

Ca
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Putting it all Together:

