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Quantitative Assessment of Ventilation-Perfusion Mismatch
by Radioxenon Imaging of Lung.
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By the use of xenon-133 and a scintillation camera with digital data storage and processing system,
a topographical relationship between ventilation distribution (V) and perfusion distribution (Q) was
examined quantitatively in two groups of normal non-smokers and one of older smokers, all healthy.
In addition, subjects with a variety of cardiopulmonary disease were tested. The fractional reginal
ventilation (V&) and regional perfusion (Qr) were plotted against the V/Q ratio on a logarithmic abscissa
for the normal subjects; both were distributed log-normally with a narrow standard deviation, and were
dissociated slightly from each other. However, with smoking and with increasing age, the standard
deviation and the dissocation became wider, suggesting an imparirment of gas exchange as estimated by
alvelolar-artrial gas-pressure differences (A-aD), which were calculated by putting these topographical
relationships into a gas-exchange program in a computer. In various cardiopulmonary diseases a good
correlation was found between the estimated A-aDo, thus obtained and actual A-aDo, derived from analysis

of the blood gases.
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Table 1
. Distribution function of Va/Qc
.. omputer ,
% | Diaguoss :1:91; ' Ve-Vale | Qr-Va/Qo
é 3 * | A-aDo, | A-aDco,| Mean |Log SD| Skew | Mean | Log sn| Skew
1 | M/65| Silicosis 12.6 7.6 | —0.27 | 0.90 0.24 | —0.59 | 0.85 0.25 | —0.40
2 | M/52| Lung Cancer 12.6 9.0 —2.42 | 0.98 0.50 -0.24 | 0.69 0.47 —0.14
3| F/60| Lung Cancer 9.9 5.3 —0.59 | 0.99 0.34 -0.21 | 0.87 0.36 —0.27
4| F/35| Mitral Stenosis 15.0 13.1 —-1.99 | 1.22 <88 | +0.71 | .77 0.39 =0.57
5 | M/48 | Asthma 18.3 20.3 —1.37| 1.10 0.47 | —0.27 | 0.85 0.46 +0.40
6 | M/61| COPD* 26.9 29.3 —0.86 | 1.03 0.51 —-0.11 | (.76 0.46 +0.40
7 | ¥/50| bronchitis 5.2 3.9 | +0.01 | 0.87 0.26 | +0.25| 1.00 0.32 | +0.23
8 [ M/28 | bronchitis 15.8 11.9 —0.69 | 0.93 0.29 | +0.56 | 0.82 0.24 +0.35
9 [M/57 | COPD* 21.0 24.6 —-1.71 ]| 0.92 0.53 | —0.26 | 0.72 0.53 +0.04
10 | F/17| ASD#* 18.8 11.6 | —0.88 | 0.99 0.36 | +0.10| 0.81 0.33 | +0.08
11 | F/51| Mitral Stenosis 11.6 9.1 =0.7 0.92 0.38 | +0.22| 0.79 0.32 | +0.08
12 | ¥ /44 | Mitral Stenosis 15.5 8.2 | —1.15] 1.15 0.54 | +0.14 | 0.97 0.30 | +0.34
13 | F/23| Mitral Stenosis 17.6 15.7 | —1.30| 1.02 0.44 | +0.55| 0.80 0.33 | +0.36
14 | M/66| COPD* 23.4 24.2 —-0.78 | 0.91 0.52 =1.16 | 0.76 0.65 —0.50
15 | M/65 | Lung Cancer 18.0 16.5 | —1.94] 1.35 0.62 | +0.32 | 0.70 0.32 | +1.15
Young Non-smokers™#* - 6.9 | —0.18 | 0.83 0.25 | —0.12 | (.79 0.23 | —0.14
Non-smokers###* - 9.3 | —0.39| 0.86 0.27 | —0.10 | 0.79 0.25 | —0.03
Smokers#iEik - 14.3 | —1.03 | 1.10 0.30 | +0.53 | 0.83 0.31 | —0.44

* chronic obstructive pulmonary disease,  *¥ atrial septal defect,  *** mean of five non-smokers aged
21-25y.0, #®&¥ mean of four non-smokers aged 30-4dy.0.,  **#¥% mean of four smokers aged 35-49y.0.

VIV Qrv A viQ
Fig. 1 Various types of functioral imaging of the lung of normal subject in upright position.
V =ventilation, Q=perfusion, V=volume, V/V=ventilation/volume, (Q/V=perfusion/volume,
A=ventilation rate, V/Q=ventilation/perfusion
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Fig. 2 Illustrating relation between V/Q imaging
and O,-CO, diagram.
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Fig. 3 TFractional distributions of ventilation (VR)
and perfusion. (Qr) with respect to ventilation-
gerfusion ratio (Va/Qc) with logarithmic sca-
le in young non-smokers.
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(°fe) Log SD=0.27
50} R Skew =-0,10
VR Qg Mean=0.79
or Log SD=0.25
QR Skew= -0.08

i J \ \\b‘\\ — Vs e

5 Smoker
) & ¥ Mean=1.10
50 Log SD=0.30
VR YR Skew=1+053
o QR Mean= 0,83
Oq // Log5D=0.31
7 S
] : : ; —Va/Q
0z 05 0 20 sp wac

Fig. 4 Fractional distributions to VR (circles)
and Qr (dots) with respect to Va/Qc in the
older (ages 30-34) non-smokers (upper panel)
and in older (ages 35-49) smokers (lower panel).
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1.0 50

Fig. & Images providing V/Q, and the distributions of fractional V& (dashed line) and Or
(solid line) as a function of Va/Qe in a patient with bronchogenic carcinoma.
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Fig. 6 Images providing V/Q, and the distributions of fractional VR (dashed line) and
Or (solid line) as a function of Va/Qc in a patient with chronic obstructive pulmonary

disease.
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Fig. 7 Correlation between A-aDo, calculated from
the pulmonary imaging (abscissa) and from act-
ual blood-gas values (ordinate).
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