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ABNORMALITIES OF LUNG FUNCTION IN TUBERCULOSIS,
AND ITS RELATION TO PROGNOSIS*

Tamotsu TAKISHIMA

I. Impairment of pulmonary function, and its relation to prognosis

Causes of the deaths were investigated in 92 patients with far-advanced tuberculosis during
the past decade. Among the causes, deaths directly due to the disorder of cardiopulmonary
function appeared to be 28.29, (26 cases), and all of them showed dyspnea of V grade of Hugh-
Jones, many showed right ventricular hypertrophy on ECG according to Sokolow & Lyon’s
criteria, cyanosis, edema, sputum expectoration, wheezing and vital capacity below 11.

Next, the follow-up study of 87 cases with far-advanced tuberculosis showed that 30 cases
were died at most 6~7 years after pulmonary function test. Precise analysis of 30 death cases
presumably indicated that poor prognosis seemed to be suggestive in patients with decrease of
the body weight, dyspnea, low vital capacity, decreased check valve index, decrease of MMF
and MBC, low DLco, and right ventricular hypertrophy on ECG according to WHO criteria.
Among them, DLco under 10 m//min/mmHg showed definitely poor index for prognosis. -

II. Obstructive impairment in tuberculosis

We made an analysis of expirogram in tuberculous patients using the digital computor.
The expirogram was recorded on the data recorder, then which was changed to digital number
by A-D converter for an analysis of the timed vatal capacity, mean flow at different lung
volume or time, the flow-volume curve and distribution function of the time-constant. Con-
clusively it was demonstrated that obstructive impairment in tuberculosis often resulted from
low lung volume, and pattern of obstruction was quite different from obstructive lung disease
such as emphysema.

Lung tissue resistance has been considered being partly responsible for high pulmonary
resistance in tuberculosis. In excised dog lung we measured the lung tissue resistance using
our new technique “plural capsule method”, suggesting an increase of the lung tissue resistance
under higher pulmonary tension which was common feature in pulmonary tuberculosis.

III. Collapsibility of the bronchial tree

The finding that a tuberculous patient with marked expiratory check valve showed no
morphological evidence of emphysema led us to investigate check valve phenomenon of the
lungs.

First, two dimensional mechanical model made up with elastic bands in parallel insead of

the tube and balloon system was made to analyze quantitatively how tracheobronchial collapse

* From the Tohoku University, School of Medicine, 1st Department of Internal Medicine,
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occured in shape. Under this condition, it was clearly demonstrated that collapsibility of the
airway played an important role to decrease flow rate through the system. In addition, the
check valve was observed to occur at a site extremely limited in the airway, and flow rate
came to depend solely upon resistance at the check valve point as it was fixed.

Second, the factors responsible for collapsibility of bronchi may be divided into elasticity
of the bronchial wall and alveolar tension surrounding the bronchi. In order to separate these
two factors, we measured pressure-volume relation of dog bronchi which were blocked with
beads from the alveoli surrounding it. The new method permited us to observe collapsibility
of the bronchi under in vivo condition within the lung at different lung tension, and also to
measure collapsibility of bronchial wall itself with peribronchial parenchyma excised from the
bronchi.

Conclusively, the bronchi showed much greater resistance to collapse as it was supported
with lung parenchyma than excised, and the more lung tension the greater resistance was
observed. Therefore, in addition to lung tension augmentation of peribronchial tension due to
increase of stress density arround the bronchi must be considered in connection with expiratory
check valve.

IV. Frequency response of the lungs

It is recognized that the resistance of peripheral airway is only a small part of the total
pulmonary resistance, predicting that even considerable obstruction in these airways would
have but little effect on total resistance. Recently, the possibility is raised that frequency
dependence of compliance could be used as a test for obstruction in peripheral airways. To
examine this hypothesis, we compared the dynamic compliance at resting ventilation/static
compliance ratio with alveolar-arterial oxygen tension difference in patients with pulmonary
tuberculosis and also in patients with chronic obstructive lung disease or fibrosis. In obstructive
lung diseases, frequency dependence of the compliance showed considerable correlation with
A-aDo;, however, it was not the case in tuberculous patients. These discrepancy may be
explained by other factors such as diffusional impairment, but collateral ventilation has presu-
mably a great importance, too. Because, the frequency dependence of dynamic compliance
could not be detected if a great amount of collateral ventilation exists, even if a considerable
number of peripheral airway involved. Therefore, it follows that measurements of the time
constant of pathways between much smaller lung units are required before any firm conclusions
can be drawn.

With our new approach, pleural capsule method, we measured airflow resistance of the
collateral channel between much adjacent regions in the lung. Collateral resistance showed a
remarkable increase up to infinity as the bronchi was obliterated at its bronchiolar level by
silicon rubber. On the contrary, collateral resistance between segments was measureable up to
200~300 cm Hz0/I/sec in excised dog lung. The results may imply that the surface area through
it collateral ventilation occurs is quite important to minimize resistance, suggesting that if the
time constant of the lung units distal to much smaller airway were very short, collateral flow
could occur too rapidly to make any frequency dependence of dynamic compliance.

V. Surgical treatment and pulmonary insufficiency

135 cases of patients with pulmonary tuberculosis which included 91 cases of non-operated
and far advanced, 30 cases of pneumonectomy and 14 cases of bilateral thoracoplasty were
studied. In three groups patients with thoracoplasty showed more significantly disturbed
pulmonary function than other groups. Among a number of pulmonary function impairment
which thoracoplasty patient showed obstructive impairment and decrease of CO diffusing capacity
were both characteristic. These severe disorders seen in thoracoplasty were thought to partly

account for disturbed movement of the rib cage by operation.
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Using a new linear transducer with which movement of rib cage in anterior-posterior
direction could be detected, we could find marked unevenness in a magnitude and phase lag

between normal and operated side of the chest wall.

It was concluded, therefore, paradoxical

movement of the chest wall might be of a great importance for establishment of pulmonary

failure in thoracoplasty patients.
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Table. Findings of the Selective Alveolo-bronchogram and Pulmonary Function in
Patients with Tuberculosis
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Fig. 10. Paog and Paco, Relations a) in Patients Fig. 11. Electrical Simulation of the Central and
with Tuberculosis, b) in Patients with Peripheral Airway] Resistance
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Fig. 12. Frequency Response of the Dynamic
Compliance—a) in healthy subject and b) in
patient with tuberculosis

cmH,O/LPS a)
L/cmH,0 vC 4.00(110)
Rlcd T.T. % 39%rs FEVI]':I’!‘C 90
91 '69 6
4.0}0.4 ( ) Pat(1) (T ¢ 55
Cat 0.27
. Cd Rinsp 0.5
' " %% RVX 28
4N, 0.5
2.0 .2r
R
——2o——0——0o—
0l y . -
0.5 1.0 1.5 2.0
f Hz
cmH,O/LPS b) VC  3.80(114)
L/emH,0  E.O0.363yrs FEV1.0% 48
R|Cd (368 '67) FRC 6
c.ofoat Pst(D(TL¢ 3
Cst 0.38
Rinsp 2.8
=o. R RV% 28
o° 2 4N, 0.7
2.010.2t
\.\“ Cd .
—_—
0l

0.5 1.0 1.5 2.0
f Hz

Fig. 13. Frequency Response of the Dynamic
Compliance, and Ventilation—perfusion Relation
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Fig. 14. Relationship a) between AaDo; and
Pulmonary Resistance, and b) between AaDo,
and the Dynamic Compliance/Static
Compliance Ratio in Patients with
Tuberculosis and in Patients
with COLD and Fibrosis
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Fig. 15.

Measurement of the Resistance
of Collateral Flow
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Fig. 16. Artificial Pneumothorax and
Pulmonary Disability
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Fig. 17, Comparison among Three Groups, III:
Non-operated, P: Pneumonectomy and T:
Bilateral Thoracotomy in Patients with
Far Advanced Tuberculosis
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Recording of Arterio-posterior Movement of the Rib Cage—a) healthy subject,

b) right thoracotomy, c) left rib cage fracture
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Fig. 19. Influence of Thoracotomy on

Rib Cage Movement
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The open circle indicates the site recorded.
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