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RADIOLOGICAL AND PHYSIOLOGICAL STUDIES ON OVERDISTENSION
OF LUNG AFTER PNEUMONECTOMY IN PATIENTS
WITH PULMONARY TUBERCULOSIS*

Chiu-jung YUAN, Hiroshi ANNO, Yoju MIYAMOTO, Masatoshi SHIOZAWA,
Yoshio IMURA and Tetsuya WATANABE

(Received for publication July 29, 1971)

Relationship between pulmonary function and radiological findings was investigated in 53
cases of pulmonary tuberculosis receiving pneumonectomy. The cases were classified radiolo-
gically into the following 4 types according to the grade of overdistension of lung ; none (0),
slight (I . moderate (II) and marked (III).

The proportion of patients with type III was higher among younger cases than among the
older cases, and the fact indicates the good distensibility of the lung in younger patients.

Regardless of the grade of overdistension of the remaining lung, neither the vital capacity
nor the total lung capacity showed increase after the operation. The residual volume in
relation to the total lung capacity also revealed no significant difference according to the grade
of overdistension. These facts show that the distension of the remaining lung is merely the
morphological displacement of a part of the lung into the pneumonectomized space and is not
accompanied with the increase in pulmonary function.

It was found that the alveolar ventilation was abnormally uneven in overdistended lung.
In such lung, the volume of poorly ventilated area showed increase and the ventilation per
unit of alveolar volume showed decrease, thus resulting in the definite arterial desaturation
in some cases. The grade of such abnormalities, however, was less than that in chronic
obstructive lung diseases. The arterial oxygen saturation was less than 927, in 2 of the study
cases, and they were accompanied with either chronic obstructive emphysema or chronic
bronchitis, which were presumed to be existing before operation.

No correlation was found between the grade of overdistension of the lung and the occurence

of postoperative dyspnea.

* From the Research Institute of Tuberculosis, Japan Anti-Tuberculosis Association, Kiyose-
shi, Tokyo 180-04 Japan.
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In the majority of the cases, the arterial desaturation was improved after the resection of

the diseased lung. The fact might be explained by the removal of venous admixture which

existed in the resected lung.
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Table 1. Radiological Classification According to Grade of Overdistension of the
Remaining Lung and Number of Cases in Each Type
Type | o ‘ I I l m
., =\ ¢ = o = Total
Radiological inflation i) }
Number 9 24
Case 12 8 53
% 17 45 23 15 100
Number 8 2
Thoracoplasty 0 0 10
% 89 0 0 19
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Fig. 1. Typical X-ray Findings Showing the Grade of Overdistension of the Remaining Lung

(A) Type O (Case No 2)

(C) Type I Case No.38)
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Table 2. Post and Pre-operative Alveolar Ventilation
Y VCicc) TR
No. Age }’ Sex 21:5: S:S:“!_)f o o ‘l L:;;.)c %
‘ Post-ope. (%) Pre—opc.‘ AVC ‘
1 4 F 1565 | L(T)* 830 | 32 - — | 84 |
2 |42 F . 90 | R(T) 1060 41 930 130 67
357 M 8.4 | R | 2130 60 2440 310 | 74
4 | 37 | M \ 4.1 | L(T) | 1850 44 | 2080 | 230 | 90
5 5 | F | 49 | R(T) 970 39 1140 | 170 77
Type O 6 46 M ‘ 4.9 | R(T) 1250 44 1910 660 74
7 ‘ 4 | M 49 | R(T) 1860 & 49 2060 200 81
8 150 M | 28! R(T) 1280 | 35 1150 130 80
9 42 | M 9.3 { R(T, 1250 34 1560 310 84
‘ \ |
Mean | 6 7.1 | 1387 42 1659 203 79
03| M 30|R 1660 | 40 | 1780 | 120 | 78
11 | 24 | F 63 | R | 1680 57 1600 80 84
12 | 52 | M 3.0 | L(T) | 2350 59 2000 350 69
13 36 M 5.1 L i 1410 | 38 1290 120 60 |
14 | 24 | F | 70 | L 1840 65 1890 50 88
15 | 34 J F | 511 L | 1300 48 1450 150 73
16 | 48 | M 43 | L | 1950 47 1730 220 75 |
17 | 37 | F 3.0  R(T) | 1400 50 | 1440 & 40 | 69
| 18 | 43 ' A 32 R | 1870 48 1950 80 ' 81
19 | 42  F 9.0 , L {1270 47 1050 220 )
20 g4 | F 40 | R | 870 37 1040 170 79
21 2  F 7.0 | L | 1420 50 1320 100 75
Typel | 22 | 41 | M 9.0 | R 1500 | 40 1990 490 97
23 | 56 | M 30 | R | 1920 | 53 | 1690 . 230 81
24 | 45 | F 50 | R s 38 . 1060 95 ' 73
25 | 48 | M 1.0 | R 1500 40 | 1380 120 91
26 | 34 | M 1.5 | L 2230 56 | 1815 415 80
27 | 50 | F 1.5 | R 1060 41 1117 57 67
28 3 | M| 20 L | 1860 48 1995 135 95
! 20 | 43 | F 6.0 | R . 1190 43 1570 380 89
30 | 42 | M 31 | L | 2240 56 2320 80 74
3t (50 | M| 15| R 1260 | 39 | 2160 90 93
2 46 M 1.0 | R 1320 36 1360 40 76
3 | 49 | M| 90| R 1620 46 | 1780 160 78
{
Mean! 43 | 4.3 | 1571 47 . 1616 6 80
3 45 F 30 | L 780 | 31 | 1220 440 54
35 (33 F | 72 L 1330 | 45 | — — 73
36 | 32 ‘ M 1.2 L | 2000 52 | 1990 10 64
37 | 29 | F | 56 | L 1900 | 68 | 1940 0 7
38 ! 49 F | 38 | L 1450 53 1670 220 58
39 | 83 | F | 45 L | 1490 57 1500 10 77
Type n‘ 40 59 M 30 | L | 2110 67 1740 370 77
41 45 M 30 ' L 1410 36 2060 650 60
42 60 F 6.3 | L 710 30 | 1640 930 93
[ 43 43 M 53 | L | 2420 64 2370 50 86
44 44 M 2.2 | L | 1330 34 1620 200 | 50
| 45 3 . F 6.4 | L | 1790 66 1910 120 65
‘Mean | 44 43 | 1560 | 50 1787 206 = 70
\ 46 39 F 82 L | 2220 80 2350 130 | 80
47 25 F | 25 | L 2220 74 — — | 83
| 48 28  F | 28 L 2320 78 — — 85
. |
sEY 8L Imoromop oz
Type 111 1 > 2 2262 138 67 |
51 45 M | 2.8 | R 2140 55 2850 710 48
52 | 19  F | 60 | L 2180 78 — — 78
153 139 M| 35 | L 1470 43 1370 100 48 |
‘Mean 34 4.2 | 2225 71 2332 116 70
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Parameters in Respective Types
| i *
RV/TLC| VayLs | Vay/Ls | Lagka | Likr o Lalr  Lalt Va/Var|Va/Var| VAY D % Se0; )
%) |Wmin/b|d/min/y | @/min/d| (%) ‘ % ‘ <% l ) W | Po-:-ope[m-ope.
40 j 7.31| 2.81 32 | 68 | s T | 19 | 5.4
8 | 577, 1.73 24 76 .5l 49 27 95.4 | —
24 | 5.8 238 17 83 |33 67 ‘ 10 | 9.2 1 -
22 | 34 0 [ 100 o0 | ' 100 0 ! 0 9.2 |
31 416 0 | 100 | 0 100 0 | 0 | 9.0 \ —
40 6.90 1.55 { 38 | 62 LT3 21 54 | 95.4 |
25 6.82| 0 100 0 | 100 | 0 | 0 i 93.9 ‘ —
33 3.41| 1.44 a5 62 | 38 | 17 | 5.0 | 94.6
41| 12400 2.80  0.80 8 | 39 | 53 L 38 4 | 18 | 88 | 96. 4 —
| i “ —_— ) — i
32 sl 49 68 | 32 24 | 9.3
i 31 12.30 | 2.64 | 0.69 14 39 47 56 34 | 10 145 | 94.3
Lo21 13.30 | 2.60 16 84 | 49 51 36 | 95.8
26 | 1230 114 7 | 93 44 56 — | 9.9
39 8.98 ' 1.52 | 0.47 9 ! 36 55 51 | 33 | 16 | 123 | 9.3 | 93.9
| 24 4.59 | 1.48 22 | 78 7| 53 28 | 95.8 —
| 9.85 | 1.49 12 | 88 47 53 43 | 95.3 | —
Lo 12.30 | 1.87 | 0.47 o | 51 54 | 35 | 1 170 | o4.8 | —
28 3.73| 1.17 48 | 52 75 25 33 | 9.2
% 26 3.03| 0 100 | 0 100 0 0 | 9.3
38 | 82! 121 17 | 83 - 43 51 | e60 | —
| 48 2.43| 0 100 | 0 | 100 0 0 | 9.5 -
| 26 3.29| 0.48 41 | 59 82 18 113 | 94.6 —
| 25 9.38 | 1.40 1 89 L4 56 42 | 95.9 | 94.0
24 9.05 ( 1.37 25 | 75 68 32 79 | 9.2 | 95.7
38 7.04 | 1.64 | 0.30 1| 45 44 46 46 8 161 | 9.6 | 88.7
36 421 0 100 ; 0 00| o0 0 9.7 | 9.6
33 2.40' 0.84 20 80 41 | 59 18 | 95.5  95.6
39 | 13.80| 2.09 | 0.34 6 | 42 52 42 48 | 10 189 | 9.3 | —
30 8.61 | 1.34 14 ' 8 | | 50 50 48 | 9.1
4 | 7.9 1.54 13 87 | |44 | 56 34 | 948 —
28 | 3.87 | 1.48 21 ‘ 79 | 40 | 60 15 | 96.9 |
4 | 1070 1.27 | 0.34 5 | 34 61 | 43 | 39 | 18 | 134 | 94.0 |
35 | 7.30| 1.62 18, 82 ' 50 | 50 35 | 947 —
20 | 10.85 | 2.58 21 ' 79 52 | 48 | 31 | 9.0 |
, c | 2 |
a1 | 28 72 . 58 ] 42 64 ! 95.6 | —
43 | 845, 1.48 | 0.61 10 l 34 56 ‘ 9| 30| 2 - gé.g ‘
40 - = - | = — ' — . —
31 6.50 | 1.62 37 | e .70 30 46 | 9.5 |
24 5.04 , 2.23 18 | 82 33 67 9 9.2 | —
29 | 10.70 | 1.05 8 | 92 49 51 60 95.1  94.6
31 2.81| 0.43 59 | 41 90 10 12 | 9%6.0 | —
23 3.58 | 0.62 38 62 78 | 22 85 | 95.5 | 91.2
33 | 10.36| 1.75 | 0.47 7 | 32 61 45 37 | 18 128 | 94.0 | 90.8
42 4.95| 0.58 12 | 88 . 55 45 71 945 | —
26 7.40 | 1.73 L9 |l a1 31 69 | 21 | 94.7 —
42 7.42| 1.17 | 0.38 | 10 | 25 65 57 23 | 20 132 | 91.5 | 89.5
27 8.61 | 1.40 12 88 45 55 39 | 9.1 | 90.4
] D —— —_— ;
33 C20 80 - 45 70 94.8 —
21 | 4.o7i 0 100 o | 100 0 | 0o 9%5.2  —
23 | 550 0.9 D27 73 69 31 72 94.0 | 94.0
25 5.95| 2.12 36 64 |6l 39 | 19 | 9.1 _
22 | 13.65| 1.91 1| 8 |48 52 45 948 | —
24 2.68, 0 100 0 | 100 0 ‘ 0 93 9.2
33 11.30 | 1.25 | 0.25 3! 36 o 6139 43 18 130 | 95.0 | 94.5
25 4.05| 1.34 13 87 .32 68 ' 13 | 96.5 —
57 8.28| 1.71 | 0.45 7] 38 | 55 L4 43 16 118 I 93.6 | 94.7
Z > 2 2
29 } 37 63 61 | 39 50 | 9.2 | —
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Table 3. Type and Grade of Overdistension Table 5. Proportion of Abnormalities in Gas

in Relation to Age Distribution and Gas Exchange
Type i{e 19~29 (yra.)  30~49 (yrs. )} 50~6417yr-.) i m‘;ﬂ;’;‘c‘:? No Yes No Yes Total
0 ’ 0 7 *‘12 [ o :14 : Hypoxemia No No Yes Yes &2
! 3 S 5 o |7 11 1 o 100
. v | ‘ a 1 (e 12 9 17 100
e 4 0 Tyee o 18 18 23 100
Total (%) | 100 | 100 | 100 mo| 49 14 14 23| 100

a gig. 3.77vl$ostop;:rativc Total Lung Capacity
LAY, R30I EL ML RLIA, HigOBRK
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HEREY R LI THbbh AR X 2R A kD

WAMEFIE 5 Dhs 2 T D, ml 4 4
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% THADICHLT, I OMOFIIL 70% &L ¥ b
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Fig. 4. Postoperative Residual Volume in
Relation to Total Lung Capacity

Fig. 2. Effects of Pneumonectomy on Vital Capacity RV/TLC
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ve AVC s
ml ml q
3,000
S0
_1 500
2,000 F &
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Notes. VC: Postoperative vital capacity.
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Table 4. Postoperative Ventilatory and Gas Exchange Parameters in Relation to Age
‘ 19~29 (yrs.) | 30~49 (yrs.) 50~64 (yrs.)
| Mean  MENTMT | Men  Mammam oo Maximen
ve o) | 20 2320 1536 2850 1468 2350
FEV,..% 83 ?g 56 gg ‘ 79 gg
Sa0z (%) 95.8 o 94.6 o2 95.4 s6.2
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Fig. 5. Intrapulmonary Gas Distribution
and Clearance Delay
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Fig. 7. Improvement of Oxygen Saturation

After Pneumonectomy
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