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ABSTRACT

" Mouth occlusion pressure was studied in 197 healthy subjects classed by age and sex
group, and in patients with various diseases. Among the patients, there were 10 patients
with fibrosing lung disease, 10 patients with pulmonary emphysema, 27 patients with
chronic bronchitis, 48 patients with pneumoconiosis and 49 patients with Duchenne’s
muscular dystrophy. The following results were obtained.

1.. There was no difference in the relationship of alveolar Pco, to Py, when re-

breathing was performed using a 100% O, or a mixture of 7% CO,, 50% O, and
balance with N, as the initial gas. In the study of 18 healthy subjects, two different
types of relationship between alveolar Pco, and Py, namely linear and exponential
relationship were observed.

*2. There was a significant decrease in functional residual capacity in the supine
position in comparison with the sitting position in 15 healthy males studied, but there
was no change in the values of Py ; during room air breathing at rest between the two
positions.

3. The mean values and standard deviations of Py ; in healthy adults and healthy
children were 1.61+0. 13 cmH;O and 2. 87 4-0. 38 cmH,O respectively. No difference by
sex could be observed.

4. In comparison with the healthy subjects, a significant increase of Py, (P<0.001)
was observed in patients with fibrosing lung disease, pulmonary emphysema, chronic
bronchitis and patients with pneumoconiosis.

5. In comparison with the healthy subjects, the Py ; decreased significantly (P<{0.001)
in patients with Duchenne’s muscular dystrophy for both adults’ and children’s groups.

6. The rebreathing is a valuable method for obtaining the ventilatory curve to CO,,
and the P, ; is a simple method which can be used clinically to evaluate the neural
activity of the respiratory center.
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In the brain stem, particularly the reticular

INTRODUCTION

Man takes in oxygen (O;) through breathing,
which is necessary for the process of metabo-
lism, consequently carbon dioxide (CQO;) is pro-
duced ‘as the results of tissue metabolism and
is further transported in the blood and later
exhaled from the lungs into the air.

formation of the medulla, respiratory movement
is generated automatically. The group of these
neurons is called the respiratory center as a
whole. As inputs to this respiratory center,
there is information from the peripheral and
central chemoreceptors and also from the pe-
ripheral mechanoreceptor.
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To move the respiratory muscles for respira-
tion, the outputs from the respiratory center
transmit activity to these muscles via the spinal
nerves, particularly the phrenic nerves and the
intercostal nerves from the thoracic nerves.

It has long been known that the function of
this respiratory center is influenced by the dis-
orders of the respiratory system, metabolism
and cerebrovascular disease. However, no re-
liable method has yet been established to evalute
the function of this respiratory center.

To measure the function of the respiratory
center, what has been done so far in the way
of basic experimental studies is to insert elec-
trodes into the medullary respiratory center to
derive the activity of the respiratory neurons.
Also any experiment has been done to derive
the discharge of the phrenic nerves.

Further, in man, the O, consumption of the
respiratory muscles'®, the total respiratory mus-
cles output®»'®, the inspiratory mechanical
work*? and the change of ventilatory response
to the loading of CO,!'¥ have been measured
to evaluate the activity of the respiratory center.

Particularly in the measurement of ventilatory
response to CO, the steady state method, in-
haling various concentration of CO,; and the
rebreathing method, increasing the concentra-
tion of CO, gradually in the bag, are often
used. The steady state method is rather com-
plicated since it is necessary to inhale various
concentration of CO; to obtain a curve of venti-
latory response to CQO,. On the contrary, the
rebreathing method is simple, faster to per-
form® and is no less informative than the
steady state method!®%, But it is reported
that the ventilatory response to CO, may be
influenced by temperature!®*®, age®?, sex?® 4l
5 hereditary factors®%% and the interval
between measurements? 3%,

The necessity of special apparatus in the
cases of respiratory failure with high arterial
Pco,, may have disturbed this method to be
used widely.

When a case clinically shows a decrease in
ventilation, it is sometimes difficult to determine
whether the primary cause lies in the respiratory
center, respiratory muscles or lung-thoracic
system. Hypoventilation occurs in such con-
ditions, 1) the activity of the respiratory center
is decreased due to disorders in the brain stem
or drugs, with secondary decrease in the activity

of the respiratory muscles, 2) the activity of
the respiratory muscles is decreased while the
function of the respiratory center is normal, 3)
respiratory resistance is increased, such as in
chromnic obstructive lung diseases, with normal
function of the respiratory muscles.

As mentioned above, diseases causing hypo-
ventilation are classified grossly into those of
the respiratory center, muscles and lungs, and
it is suggested to classify them correctly and
give proper treatment. The functional disturb-
ance of the lung has been evaluated so far
fairly well, but there has been no method
established of evaluating clinically the activity
of the respiratory muscles or respiratory center.

In 1975 Whitelaw and Milic-Emili et al*»V
made a basic study, proposing the mouth pres-
sure when the airway is occluded at the begin-
ning of inspiration, the mouth occlusion pres-
sure, as the index of activity of the respiratory
center. During occluded inspiration, there is
almost no air flow and no change in pulmonary
air volume, therefore, the measurement is not
influenced by the flow-resistance or compliance
of the respiratory system, and by vagal lung
volume-related reflexes®?.

Furthermore, it correlates well with the elec-
trical activity in the phrenic nerves®®. Also,
changes in occlusion pressure during hyper-
capnia correlate with changes in the electrical
activity of the diaphragm and with ventilatory
responses to CO; in normal individuals?®.

If the curves of airway occlusion pressure
are studied when airway occlusion is repeated,
the pressures are reproducible up to about 0.2
sec from the beginning of inspiration, increasing
linearly. The variation appears after this point,
because of the subject being aware of an in-
crease in the mouth pressure due to the airway
occlusion through the intrapulmonary mechan-
oreceptors and gamma fiber system. Conse-
quently, it is the airway occlusion pressure
within 0. 2 sec from the beginning of inspiration
that reflects the activity of the respiratory
center during ventilation at rest, and as the
index the change of airway occlusion pressure
initial 0.1 sec, namely P, ; is used.

The author studied the following points which
seemed to influence this Py y:

1) the relation between Py ; and alveolar Pco,

in the rebreathing method when the con-
centration of CQO; in the bag is 7% or
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mouth pressure during airway occlusion 100 msec after the onset of inspiration, (cmH;0)

Table 1. Symbols and abbreviations
A-aDoy alveolar-arterial oxygen pressure difference, (mmHg)
CB chronic bronchitis,
Drco diffusing capacity of the lung by CO breath holding method. (ml/min/mmHg)
%DLco DLco to predicted value ratio. (%)
f respiratory frequency. (breaths/min)
FEV,., forced expiratory volume in 1,0 second. (liter)
FEV..c%  FEV,, to forced vital capacity ratio. (%)
FLD fibrosing lung disease,
FRC functional residual capacity. (liter)
%FRC FRC to predicted value ratio. (%)
MVV ‘maximal voluntary ventilation. (liter/min)
%MVV MVYV to predicted value ratio. (%)
Paco, alveolar carbon dioxide tension. (mmHg)
Paco, arterial carbon dioxide tension, (mmHg)
Pao, arterial oxygen tension, (mmHg)
Po.1
RV residual volume, (liter)
%RV RV to predicted value ratio. (%)
RV/TLC  residual volume to total lung capacity ratio. (%)
Ti inspiratory time. (sec)
Ti/Tiot the fraction of inspiratory time to total respiratory cycle duration,
TLC total lung capacity. (liter)
%TLC TLC to predicted value ratio. (%)
Tiat duration of the breathing cycle. (sec)
vC vital capacity. (liter)
%VC VC to predicted value ratio. (%)
Vr tidal volume, (liter)
ZsHz respiratory impedance, (cmH;O/liter/sec)

0% at the beginning of the test,

2) the relation between Py ; and alveolar Pco,
when the rebreathing method is repeated
sucesessively,

3) the relation between Py ; and alveolar Pco,
when rebreathing is started with 100%
O; in the bag,

4) the effects of changes in functional residual
capacity on Py, 1,

5) Py in healthy subjects (children and a-
dults), and

6) Po.; in various diseases (fibrosing lung
disease, pulmonary emphysema, chronic
bronchitis, pneumoconiosis and Duch-
enne’s muscular dystrophy).

The symbols and abbreviations used in the

text are shown in Table 1.

SUBJECTS
The subjects studied in this research included

197 normal healthy subjects and 144 patients
with various diseases.

The normal healthy subjects consisting of
145 males and 52 females. The subjects were
encountered during physical checkup sessions
in companies or a school and appeared health-
y—that is, those persons who had no history
of respiratory disease and had no symptoms
of respiratory disturbances such as cough and
sputum, and no abnormal findings on physical
examination or on chest roentgenogram. They
are classed by age and sex group.

Among 144 patients, 10 patients with fibro-
sing lung disease, 10 patients with pulmonary
emphysema, 27 patients with chronic bronchitis,
48 patients with pneumoconiosis and 49 patients
with Duchenne’s muscular dystrophy were also
studied.
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METHODS

A. General Pulmonary Function Tests

Routine pulmonary function tests were per-
formed which included the determination of
vital capacity (VC), VC to predicted value ratio
(%VC), forced expiratory volume in 1.0 second
(FEV,.,), FEV, , to forced vital capacity ratio
(FEV:.0%), maximal voluntary ventilation’
(MVV) and MVV to predicted value ratio
($MVV) with a dry spirometer (OST-80,
Chest Co., Ltd., Tokyo, Japan).

The subdivisions of lung volume such as
total lung capacity (TLC), functional residual
capacity (FRC) and residual volume (RV) were
determined by the constant volume He-closed
circuit method?? and the pulmonary diffusing
capacity was determined by the breath holding
method!®, For these determinations, the Box
Spiro, CO Analyzer and the He Analyzer (P.
K. Morgan Ltd., Chatham, Kent, England) were
used. Predicted values for adults were obtained
by using the prediction formulae developed at
the Second Department of Internal Medicine,
Hiroshima University**=5® and for children by
Ishida’s prediction formulae?®’, Respiratory im-
pedance (Z3y,) was measured by the 3Hz oscil-
lation method (Nihon Kohden Kogyo Co., Ltd.,
Tokyo, Japan). Blood samples taken from the
brachial artery with the subject at rest and
breathing room air were analyzed for O, tension
(Pao,), CO, tension (Paco,) and pH with ap-
‘propriate electrodes - (ABL3 Radiometer Co..
Copenhagen, Denmark).

- B. Determination of mouth occlusion pressure

The apparatus used for determining mouth
occlusion pressure is shown in Fig. 1. The
subjects abstained from food, drink and ciga-
rettes for at least two hours before the study.
The subject performed  resting = ventilation

‘through a “J” valve. First the inspiratory side

was opened to the ambient air. The subject
breathed for a minimum of three' minutes of
quiet breathing in order to adjust to the ap-
paratus.- After it was ascertained that the sub-
ject was relax and his pattern of breathing
was stable, resting mouth occlusion 'pressure

-was measured. Without informing the subject,

the inspiratory side was periodically occluded
during expiration, such that next inspiration
was occluded ~completely from FRC level.
When inspiration was begun after closing the
inspiratory side, the respiratory muscles con-
tracted isometrically and the mouth pressure
became negative: ! P

The negative pressure was measured by
means of a pressure- transducer (MFV 1100,
Nihon Kohden Kogyo Co., Ltd., Tokyo, Japan),
amplified by an amplifier (AP 620G, Nihon
Kohden Kogyo Co., Ltd.,, Tokyo, Japan) and
monitored by an oscilloscopic apparatus (Po-
lygraph System, Nihon Kohden Kogyo Co.,
Ltd., Tokyo, Japan). i

All tracings were recorded at a paper speed
of 100 mm per sec on a heat-sensitive pen,
highly responsive recorder (Linearcorder, Mark
V Type WR3001, Watanabe Instruments Co.,
Tokyo, Japan). During the course of continu-

Pressure
— Amp.
Transducer N Press.
Data
occluding valve Recorder
/Flow

Box
¢ )
r_l— Spirometer

/N

JLCT

™ Vol
Mass | »Fco:
Spectrometer
\Fo:
Fig. 1. Schematic outline of the method used to assess mouth occlusion pressure

during room air breathing and during rebreathing.
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ous records alveolar Pco, and Po, were meas-
ured by a mass spectrometer (MGA-1100,
Perkin-Elmer Co., Pomona, California, USA)
and recorded by a recorder (Shimadzu U-629,
Nippon Denshi Kagaku Co., Ltd., Kyoto, Ja-
pan).

In Fig. 2 are shown representative curves
for mouth. pressure, flow, volume, alveolar P¢o,
and Po, from a healthy subject during rebreath-
ing and at the time of airway occlusion. At
the time of airway occlusion, a marked rise in
mouth pressure was observed. However, the
flow and volume of ventilation showed no
change.

In Fig. 3 are shown 5 tracmgs of the Py
from the same healthy subject during resting
ventilation. From these tracings it was obvious
that" at the same alveolar Pco, (mean value
was 36 440.7 mmHg), mouth occlusxon pres-
sure showed excellent reproducibility.

Mouth Pressure
(emH.0)
Time
(sec)

Flow
(liter/sec)

Volume
(liter)

CO; concentration

(%)

0: concentration

%)

Flg'. 2. Representatlve occlusions from a subject
during rebreathing with a 100% O,. The upper-
most panel represents mouth pressure, the second
represents flow, the third represents volume, the
fourth represents CO, concentration, and the lowest
panel represents O, concentration. The asterisk
mark indicates the time when the inspiratory side
was closed. The paper speed before the asterisk
mark is 100 mm/min and after the mark is 100
mm/sec. The arrow indicates the beginning of
mouth occlusion pressure.

Mouth occlusion pressure

(emH-0) s
L

—2.0[
0

—2.0[ ﬁ
0 :

—2.0[

—2.0 [
0

Time (sec)

L
0 0.1

Fig. 3. Five mouth occlusion pressure tracings
from a subject breathing air, shows an excellent
reproducibility up to 200 msec. The arrow marks
indicate the beginning of mouth occlusion pressure,

After . recording the resting ventilation and
measuring the resting mouth occlusion pressure,
the inspiratory and expiratory side were con-
nected to a 7 liter bag containing a 100% O,
or a mixture of 7% COQO;, 50% O, and balance
with N, and the subject started to rebreathe.
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During rebreathing, the inspiratory side was
periodically occluded for 0.20 to 0.30 sec at
the interval of 20 to 30 sec, then the inspiratory
side was reopened.

The change of volume in the rebreathing
bag was obtained as voltage on a potentiometer
which attached to a dry spirometer (FV 5010,
Tatebe Seishudo Co., Ltd., Tokyo, Japan), and
at the same time the flow was continuously
calculated by the differentiation of the ventila-
tion volume. The mouth pressure, ventilation,

flow, alveolar Pco, and Po, were measured
and recorded by using the same apparatus
mentioned above. Values for tidal volume
(Vr), inspiratory time (Ti), duration of the
breathing cycle (T ,), respiratory frequency (f)
and minute volume (V&) were calculated from
the volume traces.

Most of healthy subjects were studied when
they were sitting upright in a comfortable chair,
but 15 of them were studied in both sitting
and supine positions in order to induce a change

Pos (emH,0) K.F Pas. (e H,0) Y.T Pos (emH,0) ) M.R
8.0r 8.0r ' L 8.0
7nL 70F 7.0p N
: o
6of J 60F N 6.0f 4
/ / 4
.//
5.0 ” 5.0F 5.0p *
/ / 4
Fa 4 X
40f v 40} /4 a0p 4
- 4 e
- oz 3 /
3.0 .0 / 3.0k
20F 2.0pF 2.0k
1.0p 1.0 1.0p
0 Y’ 3 1 ] # 1 1 J '1 1 [ ]
5 60 70 055 60 70 =tz 60 70
Paco, (umHg) Paco, (mmHg) Paco, (unHg)
Pa: (enH:0) N.S Pos (@H:0) LK Fig. 4. Pattern of mouth occlu-
8.or g Be : sion pressure response to hyper-
’ capnia by rebreathing in 5 healthy
7.0k -l males, The continuous lines and
- ’ closed circles are the results of the
6ok // first study using a 100% O, as the
g 60 initial gas; the broken lines and
V4 squares are the results of the

5.0 /‘r/ 5.0F
' /-:
a0t 7/ aof

0F 3.0

second study using a mixture of 7
% CO, 50% O and balance with
N; as the initial gas,

2.0 2.0F
1.0p 10k
H—— % %
Paco, (maHg) PAco; (mmHg)
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in the functional residual capacity.  Patients
with various diseases were studied in the sitting
position.

RESULTS

A. Basic studies of various factors which

seem to influence P, ,

1. Influences of inhaled gas with different
composition on Py

The subjects were 5 normal healthy males,
their physical characteristics and pulmonary
function tests are shown in Table 2. Rebrea-
thing was started after the bag was filled with
5-6 liters of a 100% O; or a mixture of 7%
CO,, 50% O; and balance with N, Fig. 4
shows the pattern of Py ; response to hyper-
capnia by rebreathing in the range of alveolar
Pco, 50-70 mmHg.

The continuous lines and closed circles
represent the response by rebreathing with a
100% O, as the initial gas, while the broken
lines and squares represent the response by
rebreathing with a mixture of 7% CO,, 50%
O, and balance with N, as the initial gas.
With the same level of alveolar Pco,, Po.1 did
not show a large difference.

Fig. 5 shows a comparison of mouth oc-
clusion pressure response to hypercapnia by
rebreathing for 5 healthy males at alveolar
Pco, level about 50 mmHg, 55 mmHg and 60
mmHg. At around alveolar Pco, of 50 mmHg,
Po.1 was 2. 68+0. 18 cmH,O when alveolar Pco,
was 50. 44+0. 4 mmHg for 100% O; rebreathing,

Table 2. Physical characteristics and pulmonary function tests of 5 healthy males
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Fig. 5. Comparison of pattern of mean values of
mouth occlusion pressure response to hypercapnia
by rebreathing for 5 healthy males at alveolar
Pcoz level about 50 mmHg, 55mmHg and 60
mmHg. The continuous lines and closed circles
are the mean values and standard deviations of
the first study using a 100% O as the initial gas;
the broken lines and crosses are the mean values
and standard deviations of the second study using
a mixture of 7% CO,, 50% O; and balance with
N; as the initial gas,

Age ok Weight vC %VC FEV, FEV, %
(o) (cm) () (liter) (0% (liter) %"
28.8+3.7 168.4+6.4 64.419.5 4.22+0.62 94.619.1 3.61+0.58 86.4+5.9
Z3Hs RV %RV FRC 9%FRC TLC 9
. ) % %TLC
(cmHgl(i)tér Jcec) (liter) (%) (liter) (%) (liter) [0%)
2.61+0.2 1,4410.16 101.8+9.0 2.85+0.32 93.219.7 5.46+0.64 95.21+8.1
DL
RV/TLC 1 ;€0 %DLco Pao, Paco A-aDog
() ol/min ity | 0 (mmHg) (i) BE (mmHg)
26.41+2.1 31.713.6 102.4+7.9 95.9+2.3 40.61+2.2 7.39+0.01 4.2+2.1
Yz f Ti . Py,
(liter) (breaths/min) (sec) Ti/T1o: (cmFi;0)
0.601+0.12 16+2 1.6+0.4 0.36+0.06 1.641+0.03
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and 2.74+0. 11 cmH,O when alveolar Pco, was
50.0+1.2mmHg for 7% CO; rebreathing.
This difference was statistically not significant.
At around alveolar Pco, of 55mmHpg, Py,
was 3. 3840. 27 cmH;O when alveolar Pco, was
55.14+1.5 mmHg for 100% O,, and 3.49-+0.17
cmH;O when alveolar Pgo, was 55.4+0.6
mmHg, showing no significant difference. At
around alveolar Pco, of 60 mmHg, Py, was
4.3240.08cmH,;O when alveolar Pco, was

60.3+1. 0 mmHg for 100% O, rebreathing, and
4.3740.16cmH;O when alveolar Pgo, was
60.5+1.0mmHg for 7% CO; rebreathing.
This difference was statistically not significant.
Thus, with the same alveolar Pco, level, Py
showed no significant difference for rebreathing
with 100% O; and a mixture of 7% CO,, 50%
O, and balance with N.

2. Change of Py, when the rebreathing meth-

od was repeated succsessively

Po‘l (ﬂnHto) K.F Po,l (anHzO) Y. T Paa (emH,0) ~-M.R
80r 8.0r .
8.0( 8
7.0F 700 20k /
6.0 6.0 6.0F
5.0F 5.0r 5.0, -
4.0F 4.0 4.0F
3.0 3.Q - 3.0F
2.0F " A 2.0F 20k
1-0' : ' ‘ ) l.O}- 1.0k
Ly y . | - [] ] ¥y B )
05 w1 g 5 70 ol 2 4
P Acos (mHg) PACD: (IIIIHHS) Paco, (mmHg)
Fig. 6. Pattern of response of
Poa (emH.0) N.S mouth occlusion pressure to hy-
8.0p P;‘O(me’O) s percapnia by rebreathing on four
’ occasions for 5 healthy males.
7.0k - Results obtained from first trial
v («), second trial with 10-min in-
60k 6ol terval (a), third trial with 20-min
. interval (g) and fourth trial on
/
5.0k 5ok ﬁ% / another day (+).
4.0 4.0F L/
3.0fF 3.0
2.0 2.0F
1o 1.0p
0755 % 70 il %0 70
Paco, (umHg) Paco; (umHg)



Studies on Mouth Occlusion Pressure

The subjects were the same as in the pre-
ceding item. The relation between alveolar
Pco, and Po.;, when rebreathing 100% O was
studied on four occasions repeatedly. The first
trial as control followed with 10-min, 20-min
intervals and the fourth trial was studied on
another day.

Fig. 6 shows the pattern of response  of

241,

mouth occlusion pressure to. hypercapnia by
rebreathing on four occasions. The relation
between alveolar Pco, and Pp; showed no
trend of moving to the right or left with time.
3. Relation between alveolar Pco, and Py

The subjects were 17 males and 1 female,
18 normal healthy subjects in total. A The phys-
ical characteristics and pulmonary function tests

Table 3. Physical characteristics and pulmonary function tests of 18 normal healthy subjec:f:ts' o

Age Height Weight vC %VC FEV,, FEV, o%
oD () =) (liter) (%) (iter)” @
38.7+13.8 | 166.0+5.1 58.848.8 | 3.02+0.69 | 95.1410.0 | 3.36£0.69 | 84.8+5.3

MVV HMVV ey RV %RV FRC %FRC
(liter/onin) %) (omle ey | ClteD) %) (liter) %)
132.64+19.6 | 102.1+17.0 3.240.7 | 1.49+0.28 | 97.4+15.7 | 5.33+0.66 | 94.7+9.1

DL ]

TLC %TLC RV/TLC Lco %Drco Pao, Paco, -

(liter) (% %) (wl/ mmig) %) (mmHg) (mmHg)
5.33+0.66 95.949.1 27.944.3 28.044.7 | 97.84£9.8 | 94.147.5 | 41.5+2.6

A-aDo Vr f- Ti P,.

pH (mmHgg) (liter) (breaths/min) (sec) Ti/T+os (cmﬁ:O)

7.39+0.01 5.9+4.9 | 0.56+0.19 17+2 1.3+0.3 | 0.41+0.06 | 1.65::0.06

Table. 4. Correlation between Py, and alveolar Pco, in terms of linear:regression lines )

or exponential regression curves in 18 healthy subjects

No. Subject a b c d Correlation Coef. (r) Regression Line
1s Y.A. 0.213 —8.126 e = 0.993 L
2. S.M. 0.235 —9.543 — = 0.991 L
3. K.S. 0.302 —12.099 — — 0.976 L
4. M.K. 0.258 —9.137 — — 0.996 L
5. M.I. 0.242 —9.823 — — 0.980 L
6. H.-T. 0.229 —8.478 — — 0.985 L
T K:.S. 0.218 —3.223 i e 0.996 L
8. YT 0.261 —10.989 — - 0.988 L
9. M.R. 0.232 —9.215 = = 0.969 L

10. J.K. 0.170 —5.780 — s 0.974 L

11. K.T. &= o 0.242 0.047 0.998 E

12. Y.5. = = 0.373 0.042 0.982 E

13. K.M., — = 0.218 0.053 0.980 E

14, S.H. — = 0.254 0.048 0.992 E

15. M.S. == = 0.103 0.061 0.995 E

16. Y.U. s = 0.116 0.059 0.989 E

17. K.F. = — 0.154 0.056 0.981 E

18. N.S - - 0.346 0.042 0.992 E

L =Linear Regression Line : y=ax+b

E =Exponential Regression Curve T y=cel*
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Table 5-a. Physical characteristics and pulmonary function tests of 15 normal healthy males

Age Height Weight
679) (cm) (kg)
44.3%10.6 164.5+7.7 61.3+7.4
Table 5-b.
DL
" VC RV FRC TLC co Pao Paco Po.s
Position | (itery | (liter) | (liter) | (iter) e | (mmbg) | (mmHe) | P | (cmb0)
Sitting  [3.99+0.49(1.66+0.25/3.6010.65/5.92+0.47| 25.1+2.8 | 90.5+6.3| 38.6+2.2(7.40+0.03/1.6010.10
Supine [3.87+0.53]1.61+0.21/2.76+0.73/5.94--0.89| 27.0+3.9 | 84.4+5.3| 39.2+2.57.40+0.03|1.61+0.07
Po: (emH,0)
&0r Poa (CHIH:O)
7.0F N.S
2.0 l
6.0F
5.0p
1.5p
.4.0'
3.0p
1.0
4 1.60+0.10 1.6110.07
2.0: 0 1 1
1 Sitting Supine
ol—yi— L . position position

60
Paco, (mmHg)

Fig. 7. Pattern of response of mouth occlusion
pressure to hypercapnia by rebreathing in 18 healthy

70

Fig. 8. Comparison of values for resting mouth
occlusion pressure for 15 healthy -males in the
sitting position and in the supine position,

subjects
Table 6 Physical characteristics and pulmonary function tests of healthy children
. Age Height Weight vC %VC FEV,,, FEV, %
Silijecs H (yr) (cm) (kg) (liter) %) (liter) (%)
Male 22 9.5+0.5 | 136.4+6.9 | 33.14+6.7 | 2,563+0.30 | 118.5+14.3} 2.08+0.33 | 84.0%5.7
Female 17 9.8+0.4 |136.8+5.1 | 32,4+5.8 | 2.41+0.32 | 117.9116.1| 2.00£0.29 | 83.0%7.1
Total 39 9.6+0.5 | 136.5+6.1 | 32.84+6.3|2.45+0.31 | 118.2+14.9| 2.04+0.32 | 83.6£6.3
Subject | N | (codld VT | (hreaths Ti Ti/T Py
/lite r7 sec) (liter) /min) (sec tot (cmH;0)
Male 22 5.3£0.9 | 0.49+0.03 23+2 1,24+0.4 |0.49£0.06 | 2.881+0.38
Female 17 5.4+0.6 | 0.49+0.06 2044 1.0+0.3 | 0.45%£0.03 | 2.85:0.40
Total 39 5.4+0.8 | 0.49+0.05 2244 1.1+0.4 | 0.47£0.05 | 2.871+0.38
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of the subjects are shown in Table 3. Fig. 7
shows pattern of response of mouth occlusion
pressure to hypercapnia by rebreathing. Table
4 shows the study of regression formula of
the correlation between Py ; and alveolar Pco,.
From the coefficient regression, it was found
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that in 10 subjects the relation was linear regres-
sion, while in 8 subjects the relation was ex-
ponential regression.
4, The effect of change of functional residual
capacity on P,
Changes of functional residual capacity of

Table 7. Physical characteristics and pulmonary function tests of normal healthy subjects

y Age Height Weight vC %VC FEVy, | FEVy.%
Subject 6o (cm) (kg) (liter) (%) (liter) (%)
Male 24.9+2.9 | 168.0+6.1 | 60.246.3 | 4.29+0.47 | 95.1+ 8.9( 3.75+0.49 | 87.7+7.0
o (n=26) | (n=26) | (n=26) | (n=26) (n=26)| (n=26) | (n=26)
Female 21.4+2.5 | 156.3+4.9 | 51.544.9 | 2,99+0.22 | 90.6+ 6.4 2.67+0.30 | 89.4+5.9
(n=12) (n=12) (n=12) (n=12) (n=12) | (n=12 (n=12)
Male 35.5+2.5 | 164.746.5 | 62.0+6.6 | 3,93+0.50 | 94.6+10.6| 3.43+0.55 | 86.8+8.0
30-39 (n =36) (n =36) (n =36) (n =36) (n =36) (n =36) (n =36)
Female 34.143.1|156.942.0 | 51.0+5.4 | 2.91+0.44 | 91.7+ 8.8 2.35+0.56 | 80.0%8.9
(n=17 (n=17) (n=17) (n=17) (n=7| (=7 (n=17
Male 44.2+3.1 | 164.345.5 | 63.4+8,1 | 3.68+0.41 | 94.1+ 9.9/ 3.12+0.40 | 85.3+7.5
40-49 (n=29) | (n=29) | (n=29) | (n=29) (n=29) | (n=29) | (n=29)
‘Female 42.84+2.2 | 154.5+3.9 | 56.847.2 | 3.07+1.00 | 101.5+22.6] 2,50+£0.75 | 75.0+3.6
(n= 4 (n=4) (n=4) (n= 4 (n=4) | (n= 4 (n=4)
Male 54.613.4 | 160.4+7.8 | 58.7+8.3 | 3.620,39 | 102.4::10.2) 3,02::0.34 | 83.6:+5,4
50-59 (n=21) (n=21) (n=21) (n=21) n=21 (n=21) (n=21)
Female 53.8+2.3 | 153.045.5 | 55.848.6 | 2.7540.38 | 105.6+12.6( 2.15+0.30 | 78.4+4.7
(n=8) n=128) | (n=8) | (n=38) (n=8)| (n=8 (n=8
Male 64.51+4.6 | 160.5+6.2 | 54.745.3 | 3.36+0.68 | 100.2+18.5| 2.63+0.50 | 79.0+6.3
60- (n=11) | (n=11) | (n=11) | (n=11) (n=11) | (n=11) | (n=11)
Female 66.3+2.2 | 150.5+4.8 | 52.3+5.6 | 2.26+0.20 | 97.3+ 6.6 1,761+0.14 | 78.3+5.6
(n=24 n=4 (n=4) (n= 4 (n=4| (n=24 (n=4)
: . %MVV Zsng RV %RV FRC %FRC
e Giter/min) | (%) | Gty | Qe | G | (D) %)
Male 137.5+21.9 90.0+14.1 3.5+1.0 | 1.51+0.33 | 107.0+21.0] 2.93+0.18 | 111.0£10.0
20-29 (n=2) (n=2) (n=26) (n=4) (n=4) (n=4) (n= 4
Female | 107.5+23.8| 126.54+20.5| 3.2+0.6 | 1.05+0.15 | 113.0+12.7| 2.19+0.15 | 106.5+ 3.5
(n=2) n=2) (n=12) (n=2) (n=2) (n=2) (n=2)
Male 127.0+15.6) 90.0+ 9.9| 3.3+0.9 |1.46+0.32 | 85.8+16.2 2.94+0.59 | 95.5+17.8
30-39 =g (n=5) | (n=36) | (n=19) n=19) | (a=9 | (n=9
Female — — 3.5+0.6 — - . -
(n=17)
Male 121.4+25.9) 97.0420.1) 3.5+0.8 | 1.75+0.32 | 106.7+19.5 3.02+0.54 | 96.9+16.8
40-49 (n=7) (n=7) (n =29) (n=9) (n=09) (n=09) (n=9)
Female — — 4.21+0.5 — = = -
(n=4)
Male 98.6+21.7| 90.8+17.9| 3.6+0.8 |1.81+0.34 | 106.1+17.9] 2.95+0.51 [ 95.9+13.8
50-59 (n=5) (n=5) | (n=21) | (n=12) | (n=12) | (n=12) | (n=12)
Female — — 4.2+1.0 — — — —
(n=8)
Male 97.3+33.1| 85.8+ 7.3| 4.0+0.8 |1.9240.28 | 104.3%16.0| 3.24:0.37 | 100.5+11.0
60~ (n=4) (n=4) | (n=11) n= 4 (n=4) | (n=4) n=4)
Female = u_— 3.7+0.7 — = —_ —
(n=4)
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the subjects achieved by changing from the
supine to the sitting position. Subjects were
15 healthy males, their physical characteristics

and the results of their pulmonary function.

tests at both positions are shown in Tables
5-a and 5-b. FRC was 3.60+0.65liters in

F. Yunus

supine position, showing a significan difference
(P<0.001). Arterial Pgo, was 38.6+2.2
mmHg in the sitting position and 39.2+2.5
mmHg in the supine position, showing no sig-
nificant difference. Further, there were no
significant change in VC, TLC and Dico

the sitting position and 2.76+0. 73 liters in the between the sitting and supine position. As
Do
. TLC 9%TLC RV/TLC co %DLco Pao, Paco,
Subject iter) %) % (n}ln/lﬁlﬁg) (%) (mmHg) | (mmHg)
Male 5.93+0.29 | 115.5+ 9.9 25.5+4.1 | 34.4+1.1]109.0t 4.2 95.2+2.0 | 41.0%3.,5
20-29 (n=4) (n=4) (n=4) (n=2) (n=2) (n=4) (n=4)
Female 4,04+0.25 | 104.5+ 3.5 25.5+2.1 | 22.3+4.3| 96.0+15.6| 108.1£2.8 | 38.3+0.3
(n=2) (n=2) (n=2) (n=2) (n=2) (n=2) (n=2)
Male 4.89+0.62 | 90.2+15.3| 29.8+5.5| 26.5+1.6 | 89.5+ 6.4] 96.3%£2.2 39.0:E3.0
30-39 (n=9) n= 9) (n=9) (n=5) (n=5) (n=09) (n=9)
Female — — — — — — —
Male 5.72+0.62 | 104.2+12.4| 31.6+3.8 | 27.0+3.3 | 99.1+12.8| 94.8+3.2 | 4l. i3.5.
40-49 (n=09) (n=9) (n=9) (n=7) (n=7) (n=09) (n=09)
Female — = — B _ —
Male 5.14+0.64 | 95.1+10.3| 35.0+4.3 | 21.1+3.4| 83.0+ 8.0 96.1+2.2 | 38.7%2.1
50-59 (n=12) | (n=12) | (n=12) | (n=5) | (n=b) n=12) | (n=12)
Female — — — — — — —
Male 5.45+0.70 | 100.3+12.2| 35.3+3.1 | 20.0%+2.3 | 82.3+ 9.2| 87.5+1.9| 41.4%+3.3
60— (n= 4 (n=4) (n=4) (n=4) (n=4) (n=4) (n=4)
Female — — — — : — —
T ;
. A-aDo Vr Ti . Po.y
Subject PO (omg) | (e | Pt T ey | TVTer | (emif0)
Male 7.41+0.03 | 7.1+3.8 |0.631+0.18 16+2 1.4+0.3 | 0.43+0.03 | 1.62+0.13
20-29 (n=4) (n= 4) (n =26) (n:26) (n =26) (n=26) (n=26)
Female 7.39+0.04 | 4.1£2.1 |0.45+0.01| 18+4 1.5+0.5 | 0.41+0.05 | 1.66+0.13
n= 2) (n=2) (n=12) (n=12) (n=12) (n=12) (n=12)
Male 7.39+0.02 | 6.7+2.6 | 0.54+0.14 | 18+2 1.4+0.2 | 0.421+0.04 | 1.63£0.15
30-39 (n=19) | (n=9) | (n=36) | (n=36) | (n=36) | (n=36) | (n=36)
Female —_ — 0.53+0.13 21+3 1.1£0.1 | 0.40£0.05 | 1.69+0.13
(n=7) | (n=17) (n=17) (n=17) n=7)
Male 7.39+0.03 [ 5.5+2.5 |0.56+0.12 | 16%3 1.4+0.3 |0.42+0.03 | 1.60+0.13
40-49 n= 9 n= 9) (n=29) (n=29) (n=29) (n =29) (n=29)
Female = — 0.52+0.19 16+4 1.7£0.7 | 0.431+0.06 { 1.59+0.08
(n=4) (n=4) (n= 4 (n=4) (n= 4
Male 7.40£0.03 | 6.3+3.3 | 0.68+0.18 18+5 1.6+0.4 | 0.46+0.03 | 1.57+0.12
50-50 (n=12) | (n=12) | (n=21) | (n=21) | (n=21) | (n=21) | (n=21)
Female E— 0.54+0.15 20+4 1.2+0.2 | 0.38+0.04 | 1.61+0.10
(n=8 (n=18) (n=18) (n=8) (n=8)
Male 7,3940.01 | 7.9+41.7 | 0.57+0.13 | 18+4 | 1.340.3 |0.44:0.04 | 1,50+0.11
60~ (n= 4 (n= g (n=11) (n=11) (n=11) (n=11) (n=11)
Female — 0.62£0.18 17+2 1.5+0.2 | 0.421+0.04 | 1.64+0.03
(n=4) (n=4) (n=4) (n=4) n= 4)
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shown in Table 5-b and Fig. 8, Py.; was 1. 60+
0.10 cmH,O in the sitting position and 1.614+
0.07cmH,O in the supine position. This
difference was not statistically significant.
Thus, Py, was not influenced by the change
in FRC due to the change of postures in the
healthy subjects.
B. Clinical study of P, ,
1. Study of P, ; in healthy subjects

a) Study in children

The children were only between the age of
9 and 10 years, their physical characteristics
and the results of their pulmonary function tests
are shown in Table 6. The mean values and
standard deviations of % VC for boys and girls
were 118.5414.39% and 117.9+16.19% respec-
tively, FEV,,% were 84.0+5.7% and 83.0
+7.1%. Thus, the spirometry showed no ab-
normality in both boys and girls. The mean
value of respiratory impedance was greater than
5 cmH,O/liter /sec for both sexes, showing a
higher value than those of healthy adults.
There were no significant differences in various
parameters of ventilation at rest between boys
and girls. P, ; was 2.88+0. 38 cmH;O in boys
and 2.85+40. 40 cmH,O in girls, this difference
was not statistically significant.

b) Study in adults

The subjects were 158 males and females,
classed by the age and sex group. Their physical

characteristics and the results of their pulmo-
nary function tests are shown in Table 7. The
values of their pulmonary function tests were
90-105% for %VC and greater than 80% for
FEV,0,% in young subjects. Zsg, was be-
tween 3.2 and 4.2 cmH;O/liter/sec, lower than
those of children. Tidal volume at rest was
0. 45-0. 68 liters, respiratory frequency (f) was
16-21 breaths/min, Ti was 1.1-1.7sec, Ti/
T,o: was 0.38-0.46. The mean values and
standard deviations of Py ; for male and female
adults were 1.6240.13cmH;O and 1.664-0.13
cmH,0 in the 20’s, 1. 634-0. 15 cmH,O and 1. 69
40.13cmH,0 in the 30’s, 1.60+0.13 cmH,O
and 1.59+40.08 cmH,0 in the 40’s, 1.57+0.12
cmH,0 and 1. 6140. 10 cmH,O in the 50’s, 1. 59
+0.11cmH,O and 1.64+40.03cmH,0 in the
over 60 years of age respectively. These dif-
ferences among each age group and between
male and female were statistically not signifi-
cant.

Fig. 9 shows values of Py ; for all healthy
subjects studied. The mean values and stand-
ard deviations of Py ; for children and adults
were 2. 8740. 38 cmH,0 and 1. 61+0. 13 cmH,0
respectively, tending to be significantly higher
in the children group (P<C0.001).

2. Study of Py, in various diseases
a) Fibrosing lung disease
Table 8 shows the physical characteristics

Pn.l (ClonO)
5.0r
- Male
* Female
4.0r
0p 3
"t
2.0F . ;
L et w
D WL
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C '} L 1 1 A A il J
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Age(yr)

Fig. 9. Relation of Py ; (cmH;0) and age (yr) in 39 healthy children and in 158
healthy adults. Boys and male adults are indicated by closed circles; girls and

female adults by crosses.
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Table 8. Physical characteristics and pulmonary function tests of 10 patients with
fibrosing lung disease
Age Height Weight VC %4VC FEV,, FEV, %
(yr) (cm) (kg) (liter) (%) (liter) (%)
58.0+12.3 157.5+£6.5 54.6+7.4 2.65+0.57 81.3+11.2 2.1610.43 83.1%8.2
Z3H:z
RV %RV FRC 9%FRC TLC %TLC
(emBh ey | ClteD) %) (liter) %) (liter) %
4.21+1.4 1.12£0.60 65.01+25.9 2.05+0.59 70.61+16.5 3.80+0.95 77.2%+15.0
Do
RV/TLC co %DLrco Pao Paco, A-aDos
(%) (ml/r;l::mHg) (%) (mmHg) (mmHg) pH (mmHg)
28.7+8.9 12.245.0 53.21+20.3 82.5+13.4 38.6+£2.7 7.42+0.01 20.0%10.0
Vr f Ti . Py
liter) (breaths/min) (see) Ti/Teor (cmH,0)
0.61+0.15 14+2 1.3+0.3 0.40£0.03 2.09+0.30
Table 9. Physical characteristics and pulmonary function tssts of 10 patients with
pulmonary emphysema
Age Height Weight vC %VC FEVy, FEV,.%
(yr) (cm) (ke) (liter) %) (liter) (%)
63.516.5 162.1+5.5 56.21+10.6 2.40£0.91 70.8+26.5 0.91+0.41 45.5+8.7
(S RV %RV FRC %FRC TLE %TLC
/liite t/sec) (liter) (%) (liter) (%) (liter) (%)
6.1+1.1 2.9940.57 150.2+32.3 3.83%0.56 117.5+17.4 5.73%£0.73 103.9+11.6
Dt
RV/TLC co %DLCO Pa(}2 PaCO2 A—aDoz
%) i/t He) %) (mmHe) (muEg) pH (mmHg)
52.61+9.7 15.4+4.3 63.21+17.1 80.3%£13.6 41.0%3.9 7.39%0.02 18.7+14.4
Vr f Ti . Py
(liter) (breaths/min) (sec) Ti/Teos (cmlflgo)
0.65+0.25 18+8 1.41+0.8 0.38%£0.05 2.84+0.54

and the results of pulmonary function tests
of 10 patients with fibrosing lung disease. The
mean and standard deviation of age was 58.0+
12. 3 years, % VC was 81.3+11.2%, lower limit
of normal value, FEV, % was 83.1+8.2%,
relatively good value for the age. In the
subdivisions of lung volume, %FRC was 70. 6+
16.5% and %TLC was 77.2+15.0%, they were
slightly lower values. The %Dirco was 53.2+4
20.3%, showing a marked decrease. At the
arterial blood gas analysis, arterial Py, was
82.5+13.4 mmHg, lower than the normal value

for the same age, but arterial Pco, was 38.6+
2.7 mmHg, nearly the same as the normal
value for the same age. Tidal volume at rest
was 0. 6140. 15 liters, showing no decrease, and
respiratory frequency was 14+2 breaths/min,
showing no increase. Ti was 1.3+0. 3sec, and
Ti/T.,: was 0.40+0. 03, slightly smaller than
those of healthy subjects. P, ; was 2.09+0. 30
c¢mH;0, higher (P<{0. 001) than the values found
in normal subjects of 50 years of age.

b) Pulmonary Emphysema

In Table 9 are shown the physical charac-
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teristics and the results of pulmonary function
tests for 10 patients with pulmonary em-
physema. The mean age of this group was
63.54+6.5 years. Spirometry showed that
there was a slight decrease in %VC which
was found to be 70. 8 +26. 5%, a marked decrease
in FEV;,0% which was 45.5+48.7% indicating
the presence of a mixed ventilatory disturbance.
The respiratory impedance was 6.14+1.1
cmH,;O/liter /sec which was higher than normal
for the healthy subjects in their 60’s. In the
subdivisions of lung volume, %4FRC showed a
high value at 117.5+17.4% but almost no
increase in the %TLC was observed which
was measured at 103.9+11.6%. However,
RV/TLC was observed to undergo a marked
rise of 52.6+9.7%. The %Dico was measured
at 63.2417.1% showing a moderate decrease.

The arterial Po,, was 80.3+13.6 mmHg,
showed a slight decrease and the arterial Pco,
was 41.043.9 mmHg, nearly the same as the
normal value for the same age.

The tidal volume during resting ventilation
was 0.65+0. 25 liters and respiratory frequency
was 1848 breaths/min which showed no sig-
nificant difference in comparison with the
healthy subjects in their 60’s. The Ti value
was 1.4+0.8sec and the Ti/T,,, was 0.38+
0.05. Pg s 2.84+0.54 cmH,0, markedly higher
(P<0.001) than the values found in normal
subjects in their 60’s.

¢) Chronic Bronchitis

The patients with chronic bronchitis were
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divided into two groups based on Nishimoto’s
classification®, namely the group without ob-
structive disturbance (Type I and II of Nishi-
moto’s classification) consisting of 24 patients
and the group with obstructive disturbance (Type
III and IV of Nishimoto’s classification) consist-
ing of 3 patients.

The physical characteristics and the results
of lung function tests for each group are pres-
ented in Table 10. There was a decrease in
both the %VC and the FEV, % in the group
with obstructive ventilatory disturbance and
the respiratory impedance tended to rise.
However, no difference was observed in
either arterial Pco, or arterial Po, between the
two groups.

Concerning the tidal volume during resting
ventilation, respiratory frequency, Ti and Ti/
T:ot, no significant differences were observed
between the two groups.

Po.y was 1.92+40.21 cmH;O in the group
without obstructive disturbance and 2. 010, 32
cmH,;0 in the group with obstructive disturb-
ance. This difference was statistically not
significant.

d) Pneumoconiosis

The subjects consising of 48 patients with
pneumoconiosis were divided into two groups
based on chest X-ray examinations!®3®, In the
first group patients showed a few small opacities
distributed in the both lungs (mild pneumo-
coniosis) and in the second group patients
showed a widespread distribution with high

Table 10. Physical characteristics and pulmonary function tests of 27 patients

with chronic bronchitis

. Age Height Weight vC %vC FEV,
Snbject N|  on (cm) % (titer) (% (iiter)’
CBLCBII |24| 57.246.1 | 150.648.5 | 56.9+47.6 | 3.06+0.81 | 85.8+18.4 | 2.49+0.65
CBIIL CBIV | 3| 50.7+4.6 | 156.743.5 | 50.3+1.5 | 2.44+0.35 | 70.7+11.0 | 1.45+0.44

Zaﬂz
. FEV..% Pao, Paco, A-aDo;
i - G o ie/sec) | (mmg) (mmHg) uH (mmHg)
CBIL CBII |24| 84.5+ 6.9 | 3.9+1.0 | 88.9+12.0 | 38.2+2.7 | 7.4140.02 | 14.7+ 9.5
CBIIL CBIV | 3| 58.3410.0 | 4.7+3.0 | 90.2+12.1 | 38.3+2.8 | 7.41+0.03 | 12.7+10.4
. Vr f Ti " P,.
Subject N\ Giter) |(breaths/min)|  (sec) Ti/Ttos (cmH,0)
CBIL CBII |24| 0.59+0.09 1642 1.340.4 | 0.424+0.06 | 1.92+0.21
CBIIL CBIV | 3| 0.64+0.27 1844 1.240.2 | 0.40+0.05 | 2.01+0.32
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Table 11. Physical characteristics and pulmonary function tests of 48 patients with
pneumoconiosis
S Age Height Weight vVC %VC FEVy, FEV:.0%

. (1) (cm) (ke) (liter) (%) (liter) %)
Mild 48.94+2.9 157.8£8.0 56.1+7.4 | 3.40%0.74 | 100.2+29.8 | 2.631+0.60 80.0£9.9
Group (n=21) (n=21) (n=21) (n=21) (n=21) (n=21) (n=21)
Advanced 49.51+4.2 156.7+7.8 54.2+7.6 | 3.17%£0.92 | 93.4+18.8 | 2.444+0.74 79.3+£9.7
Group (n=27) (n=27) (n=27) (n=27) (n=27) (n=27) (n=27)

Z3H:z

: MVV %MVV _ %RV FRC %FRC
Subject Citse/init) % <C[?i1;£2r(/)s/e o (liter) (€3] (liter) (%)
Mild 91.5+24.0 | 98.5+25.4 4.4%0.9 1.961+0.43 | 131.5+26.5 | 3.23+0.66 | 109.5£29.5
Group (n=21) (n=21) (n=21) (n=21) (n=21) (n=21) (n=21)
Advanced 91.31+29.3 | 94.01+24.8 5.0+1.1 1.93+0.41 | 126.3+22.3 | 2.94+0.69 | 105:8+19.2
Group (n=27) (n=27) (n=27) (n=27) (n=27) (n=27) (n=27)

Do

: TLC %TLC RV/TLC co %Drco Pao, Paco,
Subject (liter) (%) (%) (ml//[;n;nri{g) (%) (mmHg) (mmHg)
Mild 5.17+1.24 | 111.5+17.2 37.8+7.5 21.9+3.5] 89.3%f 9.5 84.8+4.4 39.9+3.4
Group (n=21) (n=21) (n=21) (n=17) (n=17) (n=21) (n=21)
Advanced 5.10+1.23 | 107.4+18.4 38.6%+5.0 19.5+3.8 | 80.9%+15.1 86.0%+5.0 40.3%+4.0
Group (n=27) (n=27) (n=27) (n=23) (n=23) (n=27) (n=27)
Subject H A-aDeo Ve (breafths Po

4 B (mmHg) (liter) Jmin) | (cmH:0)

Mild 7.39%0.02 15.7+5.3 | 0.5940.07 16+2 1.87+0.11
Group (n=21) (n=21) (n=21) (n=21) (n=21)
Advanced 7.40%0.02 14.8+4.4 | 0.60%+0.08 16+2 1.82+0.14
Group (n=27) (n=27) (n=27) (n=27) (n=27)
density of small opacities or large opactiy P,: was 1.8740.11cmH,O in the mild

(advanced pneumoconiosis).

Their physical characteristics and the results
of the pulmonary function tests for both groups
are presented in Table 11. The %VC tended
to show a slight decrease in the advanced
group in comparison with the mild group but
the FEV, (% fell within normal limits for both
groups. In the subdivisions of lung volume
no significant difference was observed between
the two groups in terms of %FRC, %TLC,
and RV/TLC.

The arterial Pgo, was 39.943.4mmHg in
the mild group and 40.3+4.0 mmHg in the
advanced group. This difference was statisti-
cally not significant. No significant difference
was observed between the two groups in regard
to Drgo. Also no difference was observed in
regard to the tidal volume and respiratory
frequency.

group and 1.82+0.14cmH;0 in the advanced
group. This difference was statistically not
significant, however, these values were signi-
ficantly higher (P<{0.001) than those of. the
healthy male subjects in their 40’s.

The comparison of Py ; values among the
158 healthy adults, 10 patients with pulmonary
fibrosis, 10 patients with pulmonary emphysema,
27 patients with chronic bronchitis, and 48
patients with pneumoconiosis are presented in
Fig. 10. In comparison with the healthy sub-
jects, the P, ; rose significantly (P<{0.001) in
patients with these diseases and it showed a
marked rise in patients with pulmonary em-
physema (2. 8440. 54 cmH,0).

e) Duchenne’s Muscular Dystrophy

Forty-nine (49) patients with Duchenne’s
muscular dystrophy ranging in age from 8 to
49 years old were also studied. In Table 12
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Po_l (cmH:O)
P<0.001
P<0.001 B
P<0.001 |
it P<0.001
i P<0.001 |
P<0.001
3.0F
;g” w¥ . ’
201 ﬁ - % .
L n=158 n=10 n=10 n=24 n=3 n=21 n=27
—]: 1.6110.13 2.09'{0.30 2.8410.54 1.9240.21 2.01+0.31 1.87+0.11 1.821+0.14
0 L 1 1 1 ] i
Healthy Fibrosing Pulmonary Chronic Chronic Mild Advanced
Subjects Lung Disease Emphysema  Bronchitis I, I  Bronchitis I, IV Pneumoconiosis . Pneumoconiosis

Fig. 10. Values for resting mouth occlusion pressure (Py.;) are shown for subjects
studied, grouped according to diagnosis.

Table 12. Physical characteristics and pulmonary function tests of 49 patients with
Duchenne’s muscular dystrophy

Age Height Weight Ve %VC FEVy, | FEV,.o% | MVV
(yr) (em) (kg) (liter) %) (liter) (%) (liter/min)
15.6+4.5 | 142.6412,6 | 35.0411.2 | 1,2540.53 | 44.0425.2 | 1.0440.48 | 85.9+14.4 | 39.8+16.6
(n=49) (n=49) (n=49) (n=49) (n=49) (n=49) (n=49) (n=49)

MYV | (o 53 RV %RV FRC %FRC TLC %TLC
&%) mHO o | Citer) %) (liter) @ (iiter) %
4104159 | 4.4+2.0 | 1.45+0.52 | 172.3448,9 | 1.78+0.59 | 100.2+37.0 | 2.56+0.73 | 69.7+23.8
(n=49) | (n=49) | (n=40) | (n=40) | (n=40) | (n=40) | (n=d0) | (n=40)
RV/TLC Pao, Paco, - A-aDo; Vr (breaths Fi
(%) (mmHg) (mmHg) P (mmHg) (liter) /min) (cmH;0)
56.4+413,9 | 89.148.6| 42.344.9| 7.3840.02| 8.6+5.8 | 0.38+0.15| 2447 | 1.85+0.69
(n=40) (n=43) (n=43) (n=43) (n=43) (n=49)" (n=49) (n=49)

the physical characteristics and the results of
pulmonary function tests for all these patients
are presented. The mean age for the entire
group was 15.644.5 years old. The %VC
showed a marked decrease being 44.0+25.2%
but the FEV; % was 85.9+14.4% showed
no decrease. Therefore, the spirometry showed
the presence of restrictive changes. In the
subdivisions of lung volume, %FRC was 100. 2
+37.0% within normal limits but %TLC

decreased with a mean value of 69.7+23.8%.
The arterial Po, was 89.1+8.6 mmHg and
the arterial Pco, was 42.3+4.9 mmHg. The
value of Py ; was 1.8540. 69 cmH,O.

In order to compare the value of Py, with
those of healthy subjects, the patients were
divided into two groups based on age, the
children’s group including 7 patients ranging
in age from 8 to 11 years old and the adults’
group consisting of 7 patients older than 20.
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Table 13. Physical characteristics and pulmonary function tests of children’s and

adults’ patients with Duchenne’s muscular dystrophy

. . 5

] | W] o | S |
Children 7 9.3%+1.3 119.6+7.7 24.9+6.0 1,2640.25 81.6+17.5 0.97+0.29
Adults 7 21.9+1.8 150.3%+5.5 38.7+£5.4 1,111+0.45 26.4+11.3 1.03+0.45

: FEV, o% MVV %MVV Z3ne RV %RV
Subjeet | N | TP iy | ) | o0 | e &
Children 7 75.7+16.3 38.0+ 6.4 43.0+12.5 8.1+3.4 0.87£0.30 191.3+27.9
Adults 7 97.9%+ 2.3 38.51+14.9 39.3+15.3 3.9%£0.5 2.04£0.20 176.7+£14.7
. 0 9 Pa,
v ] 8| | @ | e | o
Children 7 1.164+0.29 139.3%£24.7 | 1.964+0.36 99.7+12.9 43.7+ 9.8 94.1+ 6.7
Adults 7 2.324+0.17 86.7+ 4.0 | 3.06%0.34 60.1+ 6.9 67.4110.2 83.0+13.3
P: .

Subject N (m:&g) pH ?m?n%’é) (li\t’ei;') (breat}fs/min) (eg‘i'i‘,O)
Children 7 38.8+3.1 7.3910.02 8.41+4.8 0.43+0.23 2416 2.30%+0.83
Adults 7 48.1£7.5 7.36+0.02 7.3+£5.5 0.431+0.15 20+7 1.2940.36
In table 13, the physical characteristics and

the results of pulmonary function tests for both

the adults’ and children’s groups are presented.
The mean age of the children’s group was Pos (emH:0)

9.34+1.3 years old and of the adults’ group P<0.05

21.9+1.8 years old. i r—_—l
The %VC was 81.6+17.5% in the children’s

group and 26.4+4+11.3% in the adults’ group,

thus the % VC showed a marked decrease in ®

the adults’ group compared to the children’s 30k

group. The FEV; ,% tended to be higher in

the adults’ group, it appears that restrictive

changes become more severe with the progress

of muscular dystrophy.
In the subdivisions of lung volume, %FRC 20k

and %TLC tended to decrease in adults’ group.

Arterial Po, was 94.1+6.7mmHg in the

children’s group and 83.0+13.3 mmHg in the

adults’ group. The arterial Pco, was 38.8+

3.1 mmHg in the children’s group, an increase 1of

. 5 : 5 n=22 n=7

in the arterial Pco, was observed in the adults :]i 2.88-+0.38 250+ 0.8

group. ) L
The tidal volume during resting ventilation g}?lfit:gn M‘g:c}ﬁi,":ter: -

was about 0.4liter and the respiratory fre-
quency was about 20 to 24 breaths/min.

As shown in Fig. 11, 7 children with Duch-
enne’s muscular dystrophy with a mean age of
9.3+41.3 years old were compared to a group

Fig. 11. Comparison of values for resting mouth
occlusion pressure in healthy children and children

with Duchenne’s muscular dystrophy.
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of 22 healthy boys with a mean age of 9.5+
0.5 years old. The Py; among the healthy
boys was 2.88+0.38cmH;O and among chil-
dren with Duchenne’s muscular dystrophy 2. 30
+0. 83 cmH;0, the Duchenne group showed a
decrease (P<0.05).

As shown in Fig. 12, 7 adult patients with

Poa (cmH,O)
P<0.001
2.0
10}
n=26 n=7
1.62+0.12 1.29+0.36
G = (]

Healthy Duchenne’s
Adults Musc. Dystrophy

Fig. 12. Comparison of values for resting mouth
occlusion pressure in healthy adults and adult
patients with Duchenne’s muscular dystrophy.

Duchenne’s muscular dystrophy with a mean
age of 21.941.8 years old were compared to
a group of 26 normal healthy adult males
with a mean age of 24.9+2.9 years old. The
P;.; among the healthy adults was 1.62+0.12
cmH,O and among the adult patients with
Duchenne’s muscular dystrophy 1.29+0. 36
cmH,0, the Duchenne’s muscular dystrophy
group showed a marked decrease (P<C0.001).

DISCUSSION

For the study of activity of the respiratory
center, experiments have been conducted in the
past using the increase in ventilation induced
by the breathing of CO; containing gas as an
index. One of the tests that has been em-
ployed is the steady state method. By this
method the changes in ventilation due to
changes in arterial Pco, through breathing
several types of gas mixture having various
concentration of CO; for more than ten min-
utes were measured.

However, it cannot be said that this steady

state method is an appropriate procedure to be
employed clinically inasmuch as a long period
of time is required in the test. In contrast to
this method, in the rebreathing method devel-
oped by Read®®, alveolar CO; concentration is
continuously elevated by rebreathing in a small
bag and the changes in ventilation are ex-
amined by the elevation of CO; concentration.
This method has such advantages as short
time requirement for obtaining a curve of ven-
tilatory response to CQ,, excellent reproduc-
ibility and the relationship between ventilation
and end tidal CO, tension being linear.

In this method the changes in ventilation in
relation to CO, tension are used as index of
the activity of the respiratory center. As the
ventilation is markedly influenced by the
changes in resistance and compliance of the
respiratory system, it is said that this method
is influenced not only by the activity of the
respiratory system but also by receptor®®.

For the study of the activity of the respiratory
center, in addition to the foregoing indices,
inspiratory mechanical work®4?, O, consump-
tion of breathing!®, and diaphragmatic elec-
tromyography®® have been employed as para-
meters. This latter method, put the patient to
great discomfort inasmuch as a ballon is in-
serted into the esophagus for measuring the
esophageal pressure, and electrodes must be
inserted into the body for recording the elec-
tromyogram.

Recently a new method of examining the
activity of the respiratory center has been
reported to replace the foregoing methods! 2%
30,43,60  Tn this method, the mouth occlusion
pressure produced by the inspiratory muscles
when the airway occluded at the FRC level
is measured. As the reproducibility of the
changes in mouth occlusion pressure is ex-
tremely good for 200 msec after airway oc-
clusion, the mouth occlusion pressure from
onset of increase to 100 msec referred to as
P,.1 is employed to study the activity of the
respiratory center®®,

In this method the examination is made at
the FRC level when there is no elasticity of
the respiratory system, thus all the forces
produced by the contraction of the respiratory
muscles are reflected as changes of mouth
occlusion pressure.

It is further said that as the gas within the
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airway during occlusion of the airway does
not move, the changes in lung volume can be
ignored and the value of P, is not affected
by resistance or compliance of the airway
system*®»®),  Since the respiratory muscles can
be expected to shorten much less during the
occlusion than during unobstructed breathing,
their force-velocity relations have a relatively
small influence on the P, ,*®.

Furthermore, as the change in lung volume
during measurement of P, ; is almost insignifi-
cant, there is no effect on the intrapulmonary
mechanoreceptor via the vagal nerve.

As described above, in this method the
various mechanical factors considered to in-
fluence the activity of the respiratory center
could be eliminated.

The author conducted basic and
studies on

1) How P, ; changes with changes in CO,

tension,

2) Whether Py ; changes when FRC level

changes,

3) Po.; of healthy subjects and

4) P, of various types of diseases.

clinical

1) The. relationship between P, ; and al-

veolar Pco,

In the study of Read®® on ventilatory response
to Pco, by the rebreathing method and in the
study of Whitelaw et al®® on mouth occlusion
pressure, a mixture of 7% CO, has been used.
By making Pco, of the inspired gas identical
to Pco, of the mixed venous blood from the
commencement of rebreathing, it is possible to
make the closed loop in the block diagram of
the chemical regulatory system of respiration
shown in Fig. 13 become an open loop sooner,
because the arterial Pgo, can be suddenly
elevated®. This elevation of Pco, is detected
by the central and peripheral chemoreceptors
and is transmitted as information to the re-
spiratory center, but it is said that the change
of HCO;~ is somewhat later than the change
of Pgo, in the cerebrospinal fluid due to the
blood brain barrier. Irsigler?®, Shan et al®®
and Hulsbosch et al?” have measured the
ventilatory response to CO, by rebreathing
repeatedly and have reported that there was
no systematic difference in the slopes between
the curves. However, Miyamura et al*® have
reported observing some cases in which the

\.101 \"CO:
1 | Po.
$ ) (R [
Respiratory \ Lung Gas (H*)
Center Exchange | Pco.
Central
Chemoreceptor b e 4
Peripheral
Chemoreceptor
Vo P
’o. l(]:o: P Central
I " €02 | Chemoreceptor |— .
Pco, h Respiratory .
+Y @
Rebreathing HY) Peripheral Center
Chemoreceptor

Fig. 13. The diagram of the chemical regulatory
system of respiration. The upper panel is the
closed loop and the lower panel is the open loop.
(Honda et al.?®)

slope of the CO; response curves became lower
by repeating rebreathing over an extended
period.

The author made a study on how Py,
changed when CO, concentration in the re-
breathing bag was 0 and when it was 7% and
when rebreathing was made at a given inter-
val. As can be seen in Fig. 4 and Fig. 5, the
relationship between P;  and alveolar P¢o, was
hardly affected when the CO, concentration in
the bag was either O% or 7% at the time of
commencement of rebreathing. As shown in
Fig. 6 there was no change in the relationship
of alveolar Pco, to Py following repetitive
rebreathing over an extended period.

Through this study it was ascertained that
the gas used in this method does not have to
contain CQO, in particular and that the test
may be repeatedly conducted.

Furthermore, a study was made to determine
whether the relationship between alveolar Pco,
and Py, is linear or exponential. Using 18
healthy individuals as subjects, the alveolar Pgo,
level was slowly increased by rebreathing and
airway occlusion was made at each of several
breaths. As shown in Fig. 7 and Table 4,
with the elevation of alveolar Pco,, Pi.; in-
creased linearly in 10 cases and exponentially
in 8 cases. During the course, as the activity
of the respiratory center increased, there was
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an increase in minute volume. It has been
reported that this relationship between alveolar
Pco, and P,.; is exponential®®.®, but other
investigators reported that it is linear!»% 323459
In the present study of 18 cases, two different
types of relationship between alveolar Pco, and
Py.1 were observed, namely, linear relationship
and exponential relationship. As for the causes
of this difference, the following three may be
postulated: (1) difference in sensitivity of the
peripheral chemoreceptor to Pco,, (2) difference
in sensitivity of the central chemoreceptor to
Pco, and (8) difference in buffer action of the
cerebrospinal fluid.

2) FRC and P, ,

FRC level is a position when the elastic
recoil of the lung is equal to the elastic recoil
of the chest wall and when the elasticity of
the respiratory system is zero. Change in
posture causes a great change in FRC and
FRC is higher in the sitting position than in
the supine position. With increase in FRC the
dome-shaped of the diaphragm becomes rather
flat. As a consequence the curvature radius
becomes larger and respiratory muscle strength
of the diaphragm decreases in accordance with

Laplace’s law ( =$) and unless there is

an increase in activity of the respiratory center
it is assumed theoretically that P, ; would
decrease.

Eldridge and Vaughn!” measured the oc-
clusion in spontaneously breathing, anesthetized,
vagotomized cats at thoracic volumes below,
at, and above true FRC. It was observed that
occlusion pressure and lung volume showed
an inverse linear relationship. Due to muscle
shortening accompanying the increase the lung
volume, effective muscle force did not develop
and thus occlusion pressure decreased. How-
ever, it should be taken into consideration that
as vagotomy was made in the animal experi
ment, reflex (Hering-Breuer reflex) attributable
to intrapulmonary mechanoreceptor was elemi-
nated.

However, in the human experiment conducted
by some investigators, no effect on mouth oc-
clusion pressure has been observed by changing
FRC%3",. On the other hand, Garfinkel and
Fitzgerald®® by changing CO, concentration in
the inspired gas and P, ; was measured during
this procedure. They have reported that by

changing FRC, P, ; changes, but it is unknown
whether the changes in P, ; are attributable to
changes in FRC or changes in CO,.

According to the results of the present study,
even though FRC was 3.60+0. 65 liters in the
sitting position and 2.76+0.73 liters in the
supine position, showing a decrease of about 1
liter, Py.; was 1.60+0.10 cmH,O in the sitting
position and 1.6140.07 cmH,;O in the supine
position without showing any significant differ-
ence between the two. No effect of changes in
FRC on P, ; could be observed. Also, arterial
Pco, was 88.6+2.2 mmHg in the sitting posi-
tion and 39.2+42.5 mmHg in the supine posi-
tion, suggesting that the effect of both positions
on chemoreceptor was of the same magnitude.

The reason why P, ; does not change by
change in posture was examined. The effects
of abdominal visceral organs should be naturally
taken into account in the supine position. As
the diaphragm tends to become dome-shaped,
a shape which facilitates muscle contraction,
reflexively the neural activity decreases. Con-
sequently, even though the posture is changed
to change FRC, mouth occlusion pressure
remains unchanged as the muscular activity is
not affected.

3) Pg.; of healthy subjects

A number of reports have been published in
the literature regarding studies on mouth oc-
clusion pressure in healthy subjects.

In the present study of a group of 158
healthy adults, P, ; was 1.614+0.13cmH;O. In
regardless of age and no sex difference was
observed. However, according to the report of
Ohtsuka et al’®, the value was approximately
2.09 cmH,0 in the 20’s and 1. 64 cmH,O in the
50’s, indicating a tendency for the value to be
high in the young adults and to decrease with
age. Burki et al!® have reported that Py, of 5
young males (average age was 30+2.5 years)
was about 1.27 cnH,0, which is a value lower
than that of this present study and of Ohtsuka.
According to Hudgel?®, P, of 18 healthy
subjects (average age was 30+1 years) showed
an extremely low value of 1.0+0.1cmH,O0.

Gaultier et al?? have reported the P, ; value
in an adult group over the age of 18 to be
1.7340.1ecmH;O for males and 1.41+40.4
cmH,;O for females, showing a difference by
Sex.

Po.y value in a healthy group of children
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remarkably differs from that of an adult group.
As shown in Fig. 9 and Table 6, in a group
of 39 children of both sexes aged 9-10, Py,
showed a high value of 2.87+0.38cmH,O.
according to the report of Gaultier et al, Py
value of children age 9-10 showed a value of
2.1cmH;0 which is much higher than that of
normal subjects who were older than 18 years,
but in a group of children no difference by sex
could be observed.

The possible reason for this higher P, ; value
in children than in adults are that 1) FRC is
smaller and 2) lung compliance is smaller.

4) Py.; of various types of diseases

i) In fibrosing lung disease hardly and ele-
vation of airway resistance is observed and the
elastic recoil is remarkably increased.

No report has been published on P,y in
fibrosing lung disease. According to the results
of present study, P, in fibrosing lung disease
was 2.094-0. 30 cmH,0 and in comparison with
1.61+0.13cmH;O in the healthy adults it was
significantly elevated (P<C0.001).

As for the cause of this elevation, it is
considered that 1) decrease in FRC and 2)
decrease in lung compliance affect the activity
of the external intercostal muscles or the inspi-
ratory muscles by acceleration the activity of
the gamma-fiber system.

The value of %FRC is low, almost about
70%, suggesting the possibility that the mecha-
nism is similar to the high P,; in normal
children having a small FRC. Also, due to
the effect of the gamma-fiber system, the activity
of the respiratory system is accelerated and as
a result a rapid transition is made from in-
spiration to expiration. It is considered that
due to these changes in FRC and intervention
neural reflex, Py, elevates in fibrosing lung
disease.

ii) Several studies®11,12:6,62 haye reported

on P;; in chronic obstructive lung disease.
It has been reported that in chronic obstructive
lung disease with no elevation of arterial Pco,
demonstrable by arterial blood gas analysis,
and at alveolar P¢o, 60 mmHg, Po; is more
elevated than in healthy subjects®. According
to the results of this present study, elevated
alveolar P¢o, was observed in one case out of
10 cases of pulmonary emphysema. The Py
value of these 10 patients was 2.8440.54
cmH,0, which remarkably higher than that of

healthy subjects. In cases of chronic bronchitis,
P,.; value in Type I and Type II of Nishimoto’s
classification not having obstructive ventilatory
disturbance was 1.92+0. 21 cmH,0O and that in
Type III and Type IV having obstructive ven-
ilatory disturbance P, ; showed a slightly strong-
er tendency to increase compared to that of
Type I and Type II not having this disturbance,
but no significant difference could be demon-
strated.

As for the mechanism involved in the eleva-
tion of Py ; in cases of chronic obstructive lung
disease, it is considered to be due to the response
of the respiratory center as observed in loading
of viscous resistance in healthy subjects. When
ventilation is made in healthy subjects and ani-
mals through a viscous resistance tube having
a small inner diameter, a minute volume
decreases whereas Py ; elevates. It is considered
that non-chemical response via the vagal nerve
is implicated. Thus, it is considered that in
Patients with chronic obstructive lung disease
the activity of the respiratory center cannot be
adequately evaluated by minute volume or by
arterial Pco,.

iii) P, in pneumoconiosis was studied by
classifying the cases into a mild group and an
advanced group according to the finding on
the chest X-ray films!? %),

In both groups only a few cases showed
ventilatory disturbance by spirometry, the degree
being of the same level in both groups. P, ; was
1.87+40.11 cmH;O in the mild group and 1.82
+0. 14 cmH,0 in the advanced group with no
significant difference between the two groups.
However, when compared with the healthy
group, the values were significantly higher (P<C
0.001).

The pathological changes of pneumoconiosis
was basically fibrosis. Thus, it is considered
that P, ; in pneumoconiosis is more elevated
than that of the normal group by a mechanism
similar to that of the fibrosing lung disease
group. However, as the degree of pulmonary
fibrosis in the pneumoconiosis group is milder
than that in the fibrosing lung disease group,
it is assumed that P;; did not elevate very
much.

iv) Hardly any study has been made on
the activity of the respiratory center in Duch-
enne’s muscular dystrophy. The only reported
study made on P, ; in Duchenne’s muscular
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dystrophy : in particular is that in the report
of Bégin et al?. Bégin et al determined P, ,
value in 9 patients having Duchenne’s muscular
dystrophy and reported that the value was
slightly lower than the mean of normal subjects
with no significant difference between them.
This present study determined P, , values of
Duchenne’s muscular dystrophy patients by
classifying the patients into a group of children
and an adults’ group. The value in the chil-
dren’s group was found to be significantly
decreased when compared to the healthy group.
Even in the adults’ group the P, value was
markedly deceased when compared to the
healthy group, the difference being significant
(P<0. 001).

It has been reported that the P, , value is
elevated under slightly decreased respiratory
muscle power, for example in loading of elastic
resistance in healthy subjects?®%?, and in patients
with milder neuromuscular disease®. This is
probably due to accelelerated activity of the
respiratory center which strengthens the con-
traction power of the respiratory muscles. How-
ever, under decreased respiratory muscle power
of a moderate to severe degree, increased res-
piratory center stimulation is not reflected as
contraction of the respiratory muscles and thus
it is considered that P, shows a low value.
The pulmonary function of Duchenne’s muscu-
lar dystrophy studied by this present study is a
restrictive ventilatory disturbance which prog-
resses with age and is considered to originate
from reduction in respiratory muscle power.
In the children’s group there is a reduction of
respiratory muscle power of a moderate level,
while in the adults’ group the reduction of
respiratory muscle power is greater.

Therefore, despite the accelerated activity of
the respiratory center happened, the contraction
of the respiratory muscle is weak and causing
the reduction of Py ;. In the present study,
the reduction of P, in the adults’ group is
greater than in the children’s group because
the disturbance in the adults’ group is more
severe than in the children’s group.

Po.1 can be used to evaluate the neural activity
of the respiratory center and the efficiency of
the respiratory muscles, and it can be easily
utilized in the clinic as the apparatus involved
is simple,
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