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Table The Sequelae of the Pulmonary Tuberculosis

What the pulmonary tuberculosis left to us
(1) chest X-ray findings
(2) cardiopulmonary disturbances
(3) secondary infection (NTM, mycosis etc)
(4) psychological disorders
(5) serum hepatitis due to transfusion
(6) hearing loss due to streptomycin

(Shimamura 1990)
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Fig.1 The proportion of the patients with the pulmonary
tuberculosis sequelae in those receiving home oxygen therapy.
The data for 1986 and 1997 were from Saitou et al. 1996, and
the data for 2004 were from JRS 2005.
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Fig.2 The cumulative survival rate of the patients with the
pulmonary tuberculosis sequelae with and without long term
oxygen therapy (LTOT, home oxygen therapy). (Kira et al.,
1992). Benefits of the long term oxygen therapy in the patients
with the respiratory failure due to the sequelae of the pulmo-
nary tuberculosis.
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Fig.3 The cumulative survival rate of the patients with the
pulmonary tuberculosis sequelae with long term oxygen thera-
py (LTOT) and with both LTOT and noninvasive positive
pressure ventilation (NPPV) (Tsuboi, 2003). Benefits of the
application of NPPV therapy to LTOT patients.
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Fig. 4 Exercise hypoxia patients among those with chronic
respiratory diseases. The subjects were 116 patients with
chronic respiratory diseases. Exercise hypoxia patients:
patients who have PaO, at rest (room air or O, breathing)
more than 60 Torr and SpO, less than 90% on physical
exercise (room air breathing). Lowest SpO, on exercise: the
lowest SpO, during the physical exercise. SpO,: the oxygen
saturation percutaneously measured by the pulse oxymeter.
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Fig. 5 Frequency of the patients with pulmonary hyperten-
sion among the various chronic respiratory diseases during the
stable period. COPD: chronic obstructive pulmonary disease,
TBseq : pulmonary tuberculosis sequelae, DPB: diffuse pan-
bronchiolitis, FLD : pulmonary fibrosis. (Hiraga et al., 1990)
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Fig. 6 The cumulative survival rate of chronic respiratory

disease patients with the pulmonary hypertension in the
stable period and without it. (Hiraga et al., 1990)
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Fig. 7 The pulmonary hypertension which was caused by
physical exercise and the benefits of the oxygen inhalation
to reduce the elevation of the pulmonary artery pressure.
The subjects were twenty five COPD patients (PaO, more
than 60 Torr room air breathing at rest) with the moderate
airflow obstruction (35% < %FEV1 =<50%) and all of
them were in the stable condition. The figures on each
column indicate mean PaO, (upper figures) and PaCO,
(lower figures). (Fujimoto et al., 2002)
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Fig. 8 The benefits of oxygen therapy on the exercise
hypoxia. The subjects are five COPD and TB sequelae
patients whose mean value of PaO, at rest breathing
room air was 67 Torr. (Kishi et al., 1993)
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Fig. 9 The frequency of the operation of the clinical exercise
examinations on the introduction of the home oxygen therapy.
(JRS 2005)
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Fig. 10 The portable pulse oxymeter with a built-in
accelerometer. (Takasugi et al., 2001)
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Fig. 11 Correlation between the measured walking speed
and the walking speed calculated by the data obtained by the
portable pulse oxymeter with a built-in accelerometer.
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Fig. 12 Correlation between the measured energy expendi-

ture and the physical activities calculated by the data obtained
by the portable pulse oxymeter with a built-in accelerometer.

V (the intersection of the regression line and the abscissa): the
energy consumption at rest.
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Fig. 13 The time trend data of SpO; and the physical activities measured by the accelerometer-built-in pulse
oxymeter. < : the mean SpO; of the subject at rest over eight hours.
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Fig. 14 The relationship between SpO, and the physical activities obtained from the accelerometer-built-in
pulse oxymeter. The subjects were 100 chronic respiratory patients. Each line represents data from a subject.
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Fig. 15 The comparison between the SpO, at every walking
speed obtained from the accelerometer-built-in pulse oxymeter
method and those from the treadmill method. 1 : the point at
which the subject gave up the exercise because of the fatigue
and the dyspnea.
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The 80th Annual Meeting President Lecture

EVALUATION OF RESPIRATORY FAILURE DUE TO SEQUELAE OF TUBERCULOSIS

Takeo KAWASHIRO

Abstract Though the mortality of tuberculosis in Japan has
been extremely rapidly depressed from about 150 deaths per
100,000 in 1950 down to about 4 in 1985 during the period of
a couple of decades after the World War II. However, the
declining trend of the mortality and the morbidity seem to be
leveling off now and the morbidity of the tuberculosis remain
on the almost same level which are much higher than that of
the developed countries. We have to make the progress in the
field of the new diagnostic technique and the creation of the
new drugs applying the most frontier science and the social
system supporting the completion of the treatment for every
patient. On the other hand, it is also very important to take
care of those who have been suffering from the sequelae of
the pulmonary tuberculosis, which include chronic respiratory
failure, cor pulmonale, and non-TB chronic pulmonary sec-
ondary infections. Among the sequelae we focus to the respi-
ratory failure. Among the patients with various chronic respi-
ratory diseases, there are many who are not hypoxic at rest but
are hypoxic during physical exercise in the daily life. The pul-
monary exercise test by treadmill or ergometer which needs
a Jot of work is the standard method to detect the exercise hy-
poxia. But this test is too complicated to come into wide use
in the daily clinical study in Japan. Another exercise test has
been eagerly expected for a long period. We newly developed
a method to detect the exercise hypoxia in the patients’ daily
life without burdening the additional physical activities. The
device of the new method consists of a portable pulse oxy-
meter with a built-in accelerometer which measures the oxy-

gen saturation percutaneously and also measures simultane-
ously the vertical acceleration of the subject’s physical move-
ment by the accelerometer. The appropriate evaluation of
exercise hypoxia of the patients with respiratory disturbances
due to pulmonary tuberculosis sequelae, especially exercise
hypoxia, should be performed widely all over the daily clini-
cal examination by such a method as described in this report.
Further the system of the evaluation of the exercise respiratory
disturbances should be introduced in the various social regi-
men which concern with the disability due to the respiratory
disturbances. We wish our society will be more matured soci-
ety in which the patients with respiratory disturbances can
afford to fully enjoy their lives. Both the frontier science
against the tuberculosis and the measures against the sequelae
of the pulmonary tuberculosis are one of our important chal-
lenges today.

Key words: Sequela of tuberculosis, Respiratory failure,
Exercise hypoxia, Exercise test, Accelerometer-built-in pulse
oxymeter
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