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Gas Exchange Computer Lab

Mixed Venous End Capillary

pcoz  [472  4g 40 pcoz  [40.0
Tidal volume Ve 536 ‘ CO2 Content [49.2

o 100 oz Jiur
395 ' i 97.8
Respiratory rate A I sl I 02 Saturation l

02 Saturation 714 02 Content [199

Input variables:

e O
"

Resp. exchange ratio U6t I ——
Hemoglobin - I Minute Vent. [7-50
5.25
Cardiac output : | Alveolar Vent.
Alveolar PCO2 |40.0

| Shuntfraction JBBOREY O T ae T
02 diffusing cap. 2.( | Alveolar PO2 |101.8

No V/Q Mismatch | -

a Arterial
- 40 Pcoz [0
CO2 Content |49-2
pH |7.40
100 PO2 IlUl.B
02 Saturation |97-3
02 Content [19-9
A-a02Diff 0.0
3
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Ventilation

Changes in respiratory rate cause proportionate changes in minute
ventilation (V) and alveolar ventilation (V,)

 if respiratory frequency is reduced by half 2 VE’ VA reduce by half
e V,=0.5x15=7.5L/min 2 V_=0.5x7.5=3.75 L/min
/, = (0.5-0.15) x15 =5.25 L/min = V, = (0.5-0.15) x 7.5 =2.625 L/min

Mixed Venous End Capillary
pco2 (895 pco2  [80.0

LIkl _l CO2 Content [68.4 CO2 Content [64.0
B v [T & P2 [519
Respiratoryrate. [N I po2 341 02 Saturation |78-2
: 02 Saturation |51.2 02 Content (158
Inspired 02 I 02 Content [10.3
| aiwge ORI
02 uptake 300 I
Resp. exchange ratio  [0-8L I —
Hemoglobin 15.0 I Minute vent. [3-75
— 263
Cardiac output I Alveolar Vent.
Alveolar PCO2 |80.0
_I T L
02 diffusing cap. 0 I Alveolar PO2 |53.9

No ViQ Mismatch

Input variables:

Arterial

PCO2 |80-0

CO2 Content |64.0
pH 7.20
PO2 519
02 Saturation [78.2
02Content [158
A-a02Diff 2.0 6







Ventilation

Changes in alveolar ventilation (V,) cause reciprocal changes in
alveolar Py,

* if respiratory frequency is reduced by half = Pa_,, double until
out of physiology range

Pag,: 40 mmHg = 80 mmHg

- ) Mixed Venous End Capillary
Input variables:
_ pcoz2  [895 pcoz2 800
Tidal volume 0L I

CO2 Content [68.4 CO2 Content [64.0

- | N Pz |19
_ 75 Po2 341 02 Saturation |78-2

—J‘ 02 Saturation |51.2 02Content [158
‘ z _I 02 Content (10.3
T

|_Resp_excnange ratio  [SSONN]
I
= csecows . I
T
T

No ViQ Mismatch v

Arterial

PCO2 |80-0

CO2 Content [64.0

pH 7.20

PO2 51.9

02 Saturation |78.2

02 Content ||15.8
A-a02Diff 2.0

Minute Vent.
Alveolar Vent. |-
iectarpooz i
Inspired PO2 ||149.
AveolarP02 [539




ok w = 3 VA B (Peoy)
H 4 2 2B P,
b e % /,,\}Tg(pAoz)%«' A
A. 100 mmHg
B. 53.3 mmHg
C. 149.7 mmHg
D 40 mmHg




Ventilation

Alveolar P4, (P,0,) can be calculated using the alveolar air equation
P,0, = input O, — output O,

p
= Fi02 (Patm = Ph2o) — %

=149.7 — (80/0.83) = 53.3 mmHg

Mixed Venous End Capillary

pcoz  |93.2 PCO2 |33-U
| Toaivoume OB oo v c02 Content [64.9

PO2 51.1

02 Saturation |77-0

02 Content |15.5

Input variables:

33.8
Respiratory rate | L_
02 Saturation [49-9
Inspired 02 o _I 02Content (101
BT

T

Resp. exchange ratio |08 | General

5.0 | Minute Vent. |3.75
~ , | Alveolar Vent. :;z
| o2aifusing cap. 3200 | | Aveolarpo2 [53.3

Calcuiate

Arterial

PCO2 |83-0

CO2 Content |64.9

pH 7.18

PO2 51.1

02 Saturation [770

02 Content [15.5
A-a 02 Diff 2.2
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Ventilation

* Changing inspired O, has no direct effect on P,

* Alveolar (and arterial) Py, is determined only by
CO, production and alveolar ventilation

Mixed Venous End Capillary
pco2 [898 pco2  |80.0

Tidal volume _I CO2 Content 1672 Co2 Content 1628
Respiratory rate I e |45.9 02 Saturation I%'5
02 Saturation |70-1 02 Content |15'-6
Inspired 02 4| 02 Content [14.2
Altitude : [
2

Resp. exchange ratio -6t [ General

Input variables:

Mixed ven s N

| winutevent 575 Aterial
. Alveolar Vent. PCO2 80.0
Alveolar PCQ2 CO02 Content -
_I |nsp|red po2 |199.6 pH 7.20
02 diffusing cap. ' [ Alveolar P02 |105.2 PO2 105.2

02 Saturation 196 3

02 Content [19.6
A-a02Diff (0.0

No V/IQ Mismatch




Ventilation

* How to change Paco, back to 40 mmHg?

Mixed Venous End Capillary
pco2 [898 pco2  |80.0

Tigal voKime RN ~<o Contert [672 Co2 Content [628
459 ion 196.5
Respiratory rate l e 02 Saturation

02 Saturation |70.1 02 Content |19-6

Input variables:

Inspired 02 4| 02 Content |[14.2
|

Resp. exchange ratio ; l General

80.0

_- : ' Alveolar Vent. |2-63 PCO2
— Alveolar PCO2 [80.0 CO2 Content [62.8
02 diffusing cap. l Alveolar PO2 11052 PO2 105.2

02 Saturation 196 >

02 Content [19.6
A-a02Diff |0.0




Ventilation

* How to change Paco, back to 40 mmHg?
— Reduce O, uptake from 300 to 150 ml/min

: , Mixed Venous End Capillary
Input variables: oe—
. pco2  [837 pcoz  [400
TalvoRNTS PR | oz Content [F13 Co2 Content 1491
: P02 54.9 02 Saturation 199.3
Respiratory rate I | | V< Saurason |
02 Saturation 02 Content 120.3
Inspired 02 _I 02 Content

L
02 uptake : |
Resp. exchange ratio {68 I General

40.0

. e Alveolar Vent. [2.63 i
Cardiac output | —0 CO2 Content [49.1
Shunt fraction ' | Inspired P02 [199.6 B i
02 diffusing cap. 7 Alveolar PO2 [152.4 T Po2 e
: 02 Saturation [99-3
No V/Q Mismatch | v 02 Content [20.3

A-a 02 Diff |0-0 14




15



Ventilation

Changes in Py, are not inversely proportional to changes in V;,
but rather to changesinV,, i.e., (V;-Vp)

Experiment #3

Normal | Predicted Measured
F102 0.21
VT 500
VD 150
f 15
Ve 1.5
Va 5.25
PaCcoO2 40 20 20
PAO2 101.8 125.6 125.7
Pa0O2 101.8 [+ 4 < 125.7
Arterial pH 74 |t 1 o 7.5

Paco, =40 = 20 mmHg

— meaning alveolar ventilation
increase 2x

i.e.,, (5.25x2)/15=0.7

V:=V,+V,

0.15 + 0.7 = 0.85 (850 ml)

16
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Shunt

Pco, in arterial blood is very little affected, because P, of mixed
venous blood is only about 6 mm Hg higher than arterial

PO, mmHg

Normal Increasing shunt
Shunt 0 0.05 0.10 0.20 0.30
Pa02 101.8 87.5 77.5 63.7 54.1
Pacoe 40 40.4 40.8 41.8 43.1
Shunt : Normal
/H\ /1\ Dead space
P — ﬁ.—l —
50 o
= G s ——= A
ec i - 4
B reasing Va/Q Normg, <
< - ‘e
(& vV/Q = 0.8 s
a- %
N
1 1 e\ T
50 300 150 °
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Shunt

Increasing Fl,, in the presence of a shunt results in only
a slight rise in arterial P, (54.1 = 59.0 mmHg)

Normal Increasing shunt 30% 02
Shunt 0 0.30 0.30
Pa02 101.8 54.1 59.0
PaCO2 40 43.1 43.2




Shunt

Use shunt equation to calculate post-capillary O, content (Cco,),
when Shunt fraction is 0.3

. 03-= Cco,- Cao, _ Cco,~17.5
"~ Cco,—Cvo, Cco,-12.1
* Cco, =19.81 ml/dI

Mixed Venous End Capillary
PCO2 504 PCO2 40.0

Tidal volume I:] CO2 Content | 55.4 CO2 Content | 49-2
| Deaspace [HSONNN|  oH |74 3
= 333

Respratoy e |EN] — "

02 Saturation | 598

Input variables:

PO2 101.8

02 Saturation |97.8
02 Content |19.9

| anwce _[BRNNN
02 uptake :]

Resp. exchange ratio : General

Hemoglobin SO  winute vent |7.50 Arterial
e 43.1
: :] Alveolar Vent. |5.25 PCO2
Cardiac output _—
Alveolar PCO2 | 40.0 CO2 Content |51.1
Shunt fraction | Inspired PO2 | 149.7 pH 7.38
02 diffusing cap. |34 | _AveolarPo2 |101.8 PO2 54.1

02 Saturation | 868
02 Content |17.5
A-a02Diff |47.7

No V/iQ Mismatch w
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V/Q Imbalance

If a portion of the lungs has a low V/Q ratio compared with the
rest of the lung, that portion contributes poorly oxygenated
blood to the mixture

- The effect is similar to having a portion with normal V/Q ratio
plus a shunt

- Pco, increase in low V/Q (shunt) ( 40 = 51.1 mmHg)

Input vaniables Mixed Yenous End Capillary LowVAQ HighViQ
Tidal volume PCO2 52.2 PCO2 51.1 IJBJ
Dead space 02 Content 1562 CO2 Content W
Respiratory rate — a TS Y]
Inspired 02 pH s — i 108
Altitude PO2 332 Mixed vendi R .. #' 02 Saturation |73.0 P&?
02 uptake 02 Saturation |58.9 bl 23 S ooa 02 Content 147 0.0
ol Lpady .
Resp. exchange ratio 02 Content |11.9 b BT IanE . CO2O0utput |32 08
Hemaglobin -,f S o Uptake |78 [522
Cardiac output _Shunt 1 R 041 093
Shunt fraction T Wi
02 diffusing cap 1 =1 __g‘-‘?’,-nw
VIQ Mismalch Example 2 General > | '
Va Detall Minute vent  |7.50 - < Arterial
% inlowVQ % in highVQ Inspired PO2 |149.7 RV LV PCo2 448
compartment compariment Riley Model Variables CO2 Content |31.8
VA 89.5 Alveolar Vent  |4.69 ; pH i
ac 50.0 Aveolar PCO2 [14.8 T l poz 533
Resulting ratios Aveolarpo2 f96.1 LM _— 02 Saturation [85.9
e
17.3
vaoe [ Physiol VONT [0-37 02 Content
p= i | Ty e 23
Physiol. Qs/QT [0.30 ST ool
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V/Q Imbalance

If there is a portion with high V/Q ratio, the effect is
similar to a portion with normal V/Q ratio plus a dead
space

—> end capillary Pco, decrease

Input variables: Mixed Venous End Capillary Low V/Q Hligh ViQ
Tidal volume i pcoz  [653 rcoz  [604 | [253
RE:;:’afoprj:te =: CO2 Content Hﬁl:l.? — CO2 Content [375 . |
Inspired 02 )5 bH i . Poz PB4 ] |1373 ]
Altitude 1 PO2 36.0 Misavendil 4 - 02 Saturation 153-1 |§§_1
02 uptake 02 Saturation [60.2 bloogiie o0 O2Content [17.4 [20.3
Resp. exchange ratio  |0-8( 02 Content |12.1 ) w CO2O0utput [163 |77
Hemoglobin 02 Uptake |[269 131
Cardiac output : . 3 R 0.61 |2.46
Shunt fraction 0.0
02 diffusing cap. T
VIQ Mismatch Example 3 General
VQ Detail Minute Vent. |7-50 ‘ Al
%inlowva %inhighva RSl LA RY 4 __Pcoz 571
T T ol Riley Model Variables 3 CO2 Content |56-3
VA RERU Alveolar vent [368 : 7 P pH s
ac g Alveolar PCO2 [57-1 T l __Po2 |93
Resulting ratios Alveolar PO2 [81.4 —— P | |B?'l
il n Physiol. vDAVT |0.51 Tissucs #9% 02 Content 172
Physiol. Qs/QT |0.22 S __Aao2pifr [22.1

25



‘%“

A. Pco,3i 4c
B. Pco,i# >
C. Pco, %

26



V/Q Imbalance

If there is no compensatory increase in total minute
ventilation, the dead space ventilation
- a lower alveolar ventilation

—> arise in arterial P,

Input variables:

Mixed Venous

End Capillary LowV/Q HighViQ

Tidal volume PCO2 65.3 PCO2 60.4 [23.3
RE:;:’::;:;B CO2 Content |60.7 CO2 Content | 57.5 40.7
Inspired 02 pH 30 , PO2 58.4 | |l37'3
Altitude PO2 36.0 02 Saturation | 86.1 99.4
02 uptake 02 Saturation |60.2 " 02Content |17.4 20.3
Resp. exchange ratio m 12.1 m 163 77
Hemoglobin T | Tptake 269 31
Cardiac output S [ T3 —
Shunt fraction
02 diffusing cap.
V/Q Mismatch Example 3 General
VvQ Detail Minute vent. |7.50 Arterial
% inlowVQ % in high V@ Inspired PO2 | 149.7 PCO2 57.1 |
compartment compartment Riley Model Variables CO2 Content |56.3
VA 55.0 Alveolar Vent. |3.68 pH 7.31
Resulting ratios Alveolar PO2 |81.4 02 Saturation |87-1
Physiol. vDNVT |0.51 02 Content |17.6
Physiol. QS/QT |0-22 A-a 02 Diff |22.1

27



V/Q Imbalance

Riley Model shows a physiological dead space ratio of 0.37, plus a
shunt ratio of 0.30. Calculate the normal anatomic dead space ratio
and alveolar dead space ratio?

Input variables: Mixed Venous t

Tisalvolume Peoz  [22 Physiological V =
e oz Content [F67__ . veol ical
- T Alveolar V, + Anatomical V
Altitude PO2 332
02 uptake 02 Saturation |589
esp. exchange ratio onten 119 . o
— e oot Anatomic dead space ratio =
Cardi utput
S:mn::r:ctizn 150 / 500 = 0.3
02 diffusing cap.
VIQ Mismatch Example 2 General

VQ Detal Minute Vent '|750

winlowva sinhighve IS atiard 2 - RY
compartment compartment Riley Model Variables [ ACRE
VA 89.5 Awveolarvent [4.69 T‘ 5
Qc E Alveolar PCO2 [44.8 | P

Resulting ratios Alveolar PO2 |96.1
Physiol. vONT 10.37
Physiol. as/QT (0.30

Alveolar dead space ratio =
0.37-0.3=0.07
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V/Q Imbalance

Riley Model shows a physiological dead space ratio of 0.37, what
is the value of expired CO, (Pe.y,)?

Input variables: Mixed Venous

E

Tidal volume pcoz  [522 V V; =(P,co,-Peco P,CcO
R CO2 Content |562 D / T ( A 2 2) / A 2
Respiratory rate —HT 3

Inspired 02 - 533

Altitude PO2 -

L2 e 0.37 = (44.8-Peco,) / 44.8

Resp. exchange ratio 02 Content |11.9

Hemoglobin

Cardiac output

Shunt fraction Peco, =28.224 mmHg
02 diffusing cap.

V/Q Mismatch Example 2 General

VQ Detail Minute Vent  |7-50

% inlowVQ % in highvQ Inspired PO2 |149.7
compartment compartment Riley Model Variables

VA BY Alveolar Vent |4.69
Qc

Alveolar PCO2 [44.8
Resulting ratios

Alveolar PO2 |96.1

Physiol. VDNT [0.37
Physiol. QS/QT |0.30

29
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Diffusion

 Normally there is plenty of alveolar-capillary difference, and

equilibrium occurs before the RBC leaves the capillary

* As DL falls lower, the capillary P,, will then fail to equilibrate,
and arterial P, will drop

Normal Lower Dy

D.0O> 32 12 10 8 6
0> uptake 300 300 300 300 300
Resp rate 15 15 15 15 15
QT (CO) 5.5 5.5 5.5 5.5 5.5
PAO, 101.8 101.8 101.8 101.8 101.8
Pao, 101.8 101.8 101.6 98.9 76.9
A-a O, diff 0 0 0.2 2.8 24.8

31




Diffusion

* Increasing O, uptake, as with exercise, requires a larger
gradient and thus exaggerates the problem resulting from a

low DL

* Anincreasein F, raises P,5, and therefore the O, gradient,

so that equilibration is restored

Normal Lower D; | Exercise 30% O2
D102 32 6 6 6
O> uptake 300 300 450 450
Resp rate 15 15 22.5 22.5
QT (CO) 5.5 5.5 8.25 8.25
PAO, 101.8 101.8 101.8 166.8
PaO, 101.8 76.9 32.4 166.4
A-a O, diff 0 24.8 69.4 0.4

32
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CO, is so diffusible that no significant A-a CO, gradient can exist,

Diffusion

even when O, transport is severely impaired

Input variables:

BT
= Deaaspace . JEOR
" Respran e JBORN
BTN
TR
T

|_Resp. exchange rati [N
!
!
| shuntfraction ___|SOOFEH
__02aifusingcap___ |8

No V/Q Mismatch v

| Calcuiate |

Mixed Ven
PCO2

ous
47.7

C0O2 Content

pH
PO2

539
7.35
37.5

02 Saturation

02 Content

168 4
138

General

Minute Vent.

7.50

—alveolarvent

5.25

Alveolar PCO2
Inspired PO2
Alveolar PO2

40.0

End Capillary

PCO2

40.5

C0O2 Content

PO2

02 Saturation

49.6

IW

95.1

02 Content

l19.2

Arterial

PCO2

40.5

CO2 Content

49.6

pH
PO2

7.40
76.9

02 Saturation |95-1

02 Content

19.2

A-a 02 Diff [24.8
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Cardiac Output

If cardiac output falls with everything else held constant, how
will blood gas values change?

Due to cardiac output decreases = tissue hypoxia
—> venous P, decreases
—> venous O, saturation decreases

Normal Predicted Lower output
QT 5.5 5.0 5.0 4.0 3.0
PaCo2 40 t e 40 40 40
Pa02 101.8 t e 101.8 101.8 101.8
PvO2 39.5 R 37.8 34 28.7
SvO2 71.4 t e 68.7 61.3 48.9




Hemoglobin

How does anemia affect gas exchange?

* Blood-gas machine only measures oxygen dissolved in the

blood plasma

* Similar to decrease in cardiac output,

anemia =2 tissue hypoxia = Pvo,, Svo, decreases

Normal Low Hemoglobin
Hb 15 10 7.5
PaCO2 40 40 40
PaO2 101.8 101.8 101.8
PvO2 39.5 31.6 25.7
SvO2 71.4 58.4 45.5

36
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