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The clinical conception of emphysema of the lungs appears to be
poorly defined. Several types of the disorder may be recognized. It
has become highly important to differentiate clearly these types, to decide
whether they are due chiefly to anatomical or functional derangements.
An equally important consideration is the quantitative estimation of the
degree of respiratory disability; a problem which is encountered in all
cases of chronic pulmonary disease. In spite of the numerous observa-
tions on the etiological factors and functional pathology in diseases of the
respiratory system a review of the literature fails to disclose a serious or
sustained effort in correlating the abnormalities observed and the degree
of the respiratory insufficiency.

Studies of the total pulmonary capacity and its subdivisions in normal
subjects and in patients with chronic respiratory disease, mainly pulmonary
fibrosis and emphysema, were begun a few years ago in this clinic to learn
whether the failure of respiratory adjustment to increased demand for
ventilation in these cases is related proportionally to alterations in the pul-
monary capacity. The observations on the cases of pulmonary emphysema
are presented in this communication.

METHODS

The terminology and the methods employed for the determination of
total pulmonary capacity and its subdivisions, as well as the findings in

'The expenses of the investigation were defrayed from a fund contributed
by the Corning Glass Company, The Eastman Kodak Company, The American
Grinding Wheel Manufacturing Association, The American Laundry Ma-
chinery Company, The Gleason Works, The Symington Company and the
Pfaudler Company.

2 Travelling Fellow of the Rockefeller Foundation; Fereday Fellow, St.
John's College, Oxford.
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normal subjects, have been fully presented in previous papers (1), (2).
For convenience we may briefly summarize the usual procedures. After
a previous rest and with the subject in the recumbent position the residual
air was determined by the oxygen dilution method of Christie (3); the
vital capacity, reserve and complementary air were graphically recorded.
Two observations were made in each case. The external chest measure-
ments were taken, and immediately afterwards with the subject in the same
recumbent position a doubly exposed roentgenogram of the chest was
obtained at the respiratory positions of forced expiration and inspiration.
Measurements were made on this film to determine the degree of chest
expansion, and by means of a planimeter the areas of the lung fields at
maximum expiration and inspiration. The latter area multiplied by the
anteroposterior diameter of the chest in the same respiratory position gave
the so-called " radiological chest volume," from which the corresponding
normal pulmonary capacity was predicted in each case by means of a
regression formula. In each case the observed volumes were compared
with the predicted values.

It was anticipated that difficulty would be encountered in establishing
a complete admixture between the oxygen-air mixture in the spirometer
and the large volume of residual air in the lungs during the rebreathing
period in cases of pronounced emphysema. However, we have found that
this is not the case. Repeated determinations of the residual air on the
same patients have agreed closely, not only during the same day, but also
in later observations, and it is quite unlikely that the same degree of im-
perfect mixing would occur each time. Wehave concluded that the oxy-
gen dilution method of Christie is applicable to the study of cases of this
nature, but as in previous studies (4) we have found it to be more con-
venient to determine directly the residual air rather than the mid capacity
(called " functional residual air" by Christie). It is important that the
time of rebreathing be kept constant in all cases, because prolongation of
this time may lead to a rise in the nitrogen percentage in the spirometer-
lung system due to the continuous excretion of nitrogen from the circulat-
ing blood into the alveoli, thus giving an error in the value for the residual
volume. Failure to appreciate and correct for this error might lead one
to the conclusion that imperfect mixing had occurred. In each of our
cases we have employed a rebreathing period of seven minutes.

A summary of the important clinical findings in each case is given in
an appendix at the end of this paper. A total of twenty-six cases has
been studied, of which twenty-four were males and two females. The
ages varied between 17 and 64 years with an average of 45 years; with
the exception of two individuals, all were above 20 years of age. Most
of the patients had bronchitic asthma, and had signs of emphysema or the
complaint of constant shortness of breath. It is obvious that the present
study has no statistical relation to the incidence of pulmonary emphysema
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in patients with chronic asthma, as the cases were selected onl the above
basis.

In all cases a complete history and physical examination were recorded,
including roentgenographic studies of the chest. In most cases an electro-
cardiogram was made. The usual complaints were dvspnea and cough,
the duration of which varied between one and fortv years. Dyspnea was
present in all cases. The patient's statement and the physical examination
were carefully analyzed in an attempt to estimate the degree of dyspnea,
which varied from a sensation of discomfort of which the patient was
barely conscious during severe physical activity to marked shortness of
breath occurring even at rest. A history of asthmatic attacks at frequent
or infrequent intervals was given in all but three instances (Cases 1, 4.
and 26), and chronic bronchitis with periods of exacerbations was a com-
plaint common to all the patients. In no case was the determination of
the pulmonary capacity or the roentgenological examination of the chest
made during the acute respiratory distress of an asthmatic attack.

There was a wide range in the type of chest observed in these patients
ranging from the typical barrel shaped emphysematous thorax to those
in which the chest appeared of normal size and contour. Chest examina-
tion revealed in most cases an increased anteroposterior diameter, limited
expansion, low position of the diaphragm, hyperresonance. prolongation
of the expiration and scattered rales chiefly of the musical variety. In five
cases clubbing of the fingers was present and in eight patients cvanosis
of the lips and other mucous membranes was pronounced. The roentgeno-
graphic appearance of the lungs varied markedly. Among the most con-
stant and prominent findings were increased linear markings, accentuation
of the hilar shadows, increased radiability of the lung fields, flaring of the
ribs with a widening of the intercostal spaces; in a few cases there was
evidence of pleural thickening, and more infrequently of pleural adhesions
about the diaphragm (see Figure 1). In one case the roentgenogram
showed an enlargement of the left ventricle and in another a prominent
pulmonary conus.

In sixteen cases electrocardiograms were taken. Five of them were
interpreted as normal, and in six cases there was evidence of left ven-
tricular preponderance. Myocardial damage was suspected in four cases
and sino-auricular tachycardia was observed in two others. One patient
showed an intraventricular conduction defect. In no case was there evi-
dence of right ventricular preponderance. None of the cases had peri-
pheral edema or revealed other signs of congestive heart failure. Al-
though the symptoms of marked emphysema and those of cardiac de-
compensation are somewhat similar, we concluded after a careful con-
sideration of the clinical, radiological and electrocardiographic studies that
the cardiac factor played no prominent part in these cases.
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FIG. 1. TYPIcVI, ROESNTGENOGRAPHiCAPPEARANCEOF TIll LUNGS IN
PULIMONARYEMPHYSEMA(CASE 17)

In Case 1 an autopsy revealed changes in the lungs characteristic of
marked emphysema. Grossly they were very voluminous and beneath
the pleural surface several large dilated alveoli were noted, the largest
measuring 5 mm. The cut surface was also enmphvsematous. A few
yellow raised plaques were visible on the intimal surface of the pulmonary
vessels. Microscopically, the bronchiolar epithelium was everywhere hy-
perplastic and the bronchioles in general were slightly dilated. The epi-
thelium lining some of the markedly dilated alveoli was cuboidal. The
connective tissue stroma, especially about the bronchioles was greatly in-
creased. It was in the portion of this connective tissue adjacent to the
alveoli as well as in the bronchial walls that celltular infiltration was miost
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marked. Both sides of the heart were somewhat hypertrophied and di-
lated, most markedly on the right. There was some calcification of the
aortic valves. These marked abnormalities of the lungs correlate well
with the clinical condition of the patient, the extreme respiratory disability
and the marked alterations which were found in the various components
of the pulmonary capacity.

The venous blood pressure (indirect method of Eyster (5)) was de-
termined in six cases. The readings varied between 50 and 120 mm. of
water, with an average value of 73, which is in the upper zone of normal
range. All of the values except one were above 70 mm. of water. These
results are similar to those found by Kountz, Pearson and Koenig (20)
in 5 cases of pulmonary emphysema.

Other measurements included blood volume, oxygen saturation of the
arterial blood, etc. These observations will be presented in other com-
munications and it.is sufficient to state here that no significant abnormality
was found in the erythrocytes or in the volume of the blood, but a definite
decrease in the oxygen saturation of the arterial blood was frequently
observed.

Determinations of pulmonary capacity
Wehave summarized in Table I the observed values for the total pul-

monary capacity and its main subdivisions as compared with the corre-
sponding normal values predicted on the basis of the " radiological chest
volume." Such comparison may be better appreciated in Figure 2. In
the group of patients with emphysema the mean observed value for the
vital capacity was 2.88 liters or a decrease of 38.8 per cent of the calculated
value, with variations between 1.44 and 4.18 liters. The residual air was
greatly increased; the average value was 2.84 liters or an increase of 110.3
per cent over that of the normal, with marked fluctuations between 1.39
and 5.82 liters, while the observed value for the total capacity showed a
decrease of only 5.7 per cent of the normal value. It is evident that there
was a wide range of variation in these observed volumes, ranging from
rather moderate to marked deviations from the predicted capacities. But
a close analysis reveals that there were certain constant findings in all cases
chiefly characterized by a definite decrease in the vital capacity with a
corresponding increase in the residual air, so that the total capacity as a
rule approximated the normal value. Of the two components of the vital
capacity the complementary air seemed to be the one most affected by the
reduction. The mid capacity was also increased in all cases.

We must call attention to the fact that the normal values used for
comparison in this series are based on observations in younger adults, and
it is likely that the observed deviations from normality would not have
been so great if normal subjects of similar ages had been used for com-
parison. That the vital capacity decreases with age is a well known fact,
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FIG. 2. CALCULATEDAND OBSERVEDPULMONARYCAPACITY IN EMPHYSEMA
Each case is represented by two columns: on the left with broken lines the

calculated value is given; on the right is the observed pulmonary capacity. The
black area represents the residual air; the white space above is the vital capacity.
The line dividing the vital capacity is the level of the mid capacity.

although according to several investigators (6) (7) (8) (9) a significant
lowering is not evident until after 60 years of age. Whether this is ac-

companied by a corresponding increase in the residual air is not known
and an investigation of this matter is now being made in this clinic. How-
ever, the changes are so constant and well marked that we do not believe
that the general conclusions will be altered. It may be mentioned here
that in the cases of the two female patients the normal values found for
this sex (4) have been used for comparative purposes.

The observed relative values (total capacity = 100 per cent) of the
main subdivisions of the total pulmonary capacity are presented in Table
II and graphically in Figure 3. One may readily see that there is a marked
decrease in the relative value of the vital capacity with a corresponding
increase in the residual air. The mid capacity is also increased. The sig-
nificance of these findings in relation to the respiratory disability will be
discussed later. Also the complementary air makes up a smaller percent-
age of the vital capacity (mean value 70.8 per cent) than in normal sub-
jects (79.4 per cent). In some cases the reduction in the complementary

. r-.. ir~~~~~~~~~~~~r,
rg?u I3L@ttt5*'** @t @ § * ** at ts .. 2%*4~~~~~~~~~~~avs a
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TABLE II

Relative values for the subdivisions of pulmonary capacity in emphysema

Ratio Ratio Ratio Ratio
Case Vital capacity Mid capacity Residual air Complementary air

number Total capacity Total capacity Total capacity Vital capacity
x 100 x 100 x 100 x 100

1 28.6 80.9 71.4 66.6
2 63.1 48.1 36.9 82.3
3 31.7 77.0 68.3 72.6
4 64.7 57.6 35.3 65.5
5 53.8 65.5 46.4 66.8
6 52.7 65.9 47.3 64.7
7 63.2 51.4 36.8 77.0
8 57.8 57.4 42.2 74.2
9 32.2 82.6 67.8 53.8

10 45.0 66.6 55.0 74.1
11 52.3 62.1 42.7 66.0
12 40.7 79.8 59.3 49.4
13 27.5 85.6 72.5 52.3
14 52.8 62.2 47.2 75.6
15 54.1 70.6 45.9 54.4
16 59.6 55.3 40.4 75.0
17 45.9 70.4 54.1 64.6
18 61.8 48.1 38.2 84.0
19 59.0 57.1 41.0 72.6
20 43.3 64.1 56.7 82.8
21 53.5 53.9 46.5 86.1
22 61.9 50.7 38.1 79.6
23 61.0 53.5 39.0 76.1
24 69.0 47.4 31.0 76.0
25 37.6 75.2 62.4 65.8
26 42.7 63.9 57.3 84.6

Mean and 50.4 4 1.49 64.0 :1 1.52 49.6 :1: 1.52 70.8 :1 1.37
probable error

Standard deviation 11.3 11.5 11.5 10.4

air is so great, as compared with that of the reserve volume, that the vital
capacity is made up almost equally of these two subdivisions (see Figure
4). Whether this abnormal composition of the vital capacity, that is the
relative increase in the reserve air, has a role in itself in the respiratory
difficulty of the emphysematous patient is an important point to be con-
sidered in future studies.

Previous investigations of the pulmonary capacity in cases of emphy-
sema have yielded results identical with those obtained by us. Bruns (10),
Bittorf and Forschbach (11) in 1910, Porges, Leimd6rfer and Markovici
(12), Plesch (13) in 1913, Lundsgaard and Schierbeck (14) in 1923, and
more recently Anthony (15), Herms and Riittgers (16), Hurtado, Fray
and McCann (17) and Christie (18) have also reported a relative and
absolute increase in the residual air with a proportional reduction of the
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Dots represent individual observations. The areas between lines are the
limits of normal variation.

vital capacity so that the total capacity is kept within normal limits. In a
few cases the latter was found to be higher than the normal due to a great
increase in the residual volume; Cases 3 and 10 in our series belong to this
group.

Christie (18) in his study of seven cases of pulmonary emphysema calls
attention to the fact that the reserve air is constantly decreased or even ab-
sent; an observation not entirely in agreement with our experience in this
larger group of cases. Although the reduction in the reserve air has been
frequently observed it has not usually been great, and even in cases of
marked emphysema with a large increase in the residual air we have ob-
served a nearly normal value of the reserve air, as compared with the con-

siderable decrease in the complementary air. Wehave been unable to con-
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FIG. 4. RESPIRATORYTRACINGS IN CASES OF PULMONARYEMPHYSEMA

1. A-the reserve volume after a tidal inspiration. B-the reserve volume
in the same patient after a deep inspiration. Notice the decrease of this volume
and the prolongation of the last part of the expiratory act, i.e. Christie's sign.
2. Relative increase, of the reserve air as part of the vital capacity.
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firm the observation of Christie that the decrease or disappearance of the
reserve air after a deep inspiration, as compared with that determined after
a normal tidal inspiration, is a constant finding. He interprets this obser-
vation as important evidence of the loss of pulmonary elasticity. In Table
III are the data of 22 cases studied from this point of view which show
that this phenomenon was found in only nine instances (41 per cent).

TABLE III

Cases of emphysema in which the reserve air was decreased by 100 cc. or more after a forced
inspiration *

Amount Vital capacity Residual air RtioCase of Resdaltir
number reduc- Rsda i 0

tion Calcu- Ob- Differ- Calcu- Ob- Differ- Total capacity Xlated served ence lated served ence

liters liters liters per cent liters liters per cen
2 0.40 5.02 3.50 -30.2 1.41 2.05 +45.4 36.9
6 0.16 4.58 2.78 -39.3 1.29 2.50 +93.9 47.3
8 0.12 5.15 3.18 -38.2 1.45 2.28 +57.2 42.2

10 0.12 4.80 3.24 -32.5 1.35 3.96 +193.3 55.0
14 0.14 3.44 2.46 -28.5 1.34 2.20 +64.1 47.2
15 0.54 3.37 2.02 -40.0 0.95 1.72 +91.5 45.9
16 0.40 4.69 3.92 -16.4 1.32 2.66 +101.5 40.4
18 0.34 5.15 3.76 -26.9 1.45 2.33 +60.7 38.2
24 0.16 4.34 4.18 - 3.7 1.22 1.87 +53.3 31.0

*Of 22 cases investigated only 9 (41 per cent) showed such a decrease.

These data also show no relationship between the decrease in the reserve
air and the increase in the residual volume or the decrease in the vital
capacity. Wedo not believe that the failure to find this abnormality is
due to any lack of cooperation or training on the part of the subjects, as
only those who were intelligent enough to be reliable were selected for this
study. In each instance at least four determinations of reserve air were
made after normal tidal breathing and three observations of the vital ca-
pacity were made. In Figure 4 is shown the respiratory tracing of a pa-
tient to which the decrease in the reserve air after a full inspiration was
observed. It may also be noted that the curved end of the respiratory
tracing is evidence of the difficulty in accomplishing the last part of the
expiratory act.

It would be of interest to know whether or not there is a larger respira-
tory dead space in cases of pulmonary emphysema. An increase in dead
space would present a further obstacle to efficient alveolar ventilation. We
have investigated this matter in 12 cases, the results of which are presented
in Table IV. The data show that the observed values of the dead space
vary considerably, being influenced chiefly by the depth of the respiration.
This fact has been previously observed in normal subjects (4). The dead

1037



PULMONARYCAPACITY: EMPHYSEMA

TABLE IV

Respiratory dead space (calculated from the tidal volume and the CO2and 02 percentage of the
alveolar and expired air)

Case Ventilation Respirations Tidal Dead space Dead space
number per minute per minute volume (from c00 (from Os

per cent) per cent)

liters liters cc. cc.
2 6.75 18 0.35 132 122
5 7.12 6 1.31 496 660
6 8.86 18 0.48 216 221
9 8.49 21 0.40 232 193

11 6.89 18 0.38 197 221
14 6.45 16 0.40 159 176
15 5.40 23 0.24 47 17(?)
16 7.11 16 0.45 153 184
19 7.23 15 0.47 182 181
20 8.44 17 0.51 91 83
23 9.18 19 0.48 166 148
25 7.04 16 0.44 204 229

Average 7.41 17 0.49 189 203

space of emphysematous subjects, when calculated on the basis of the tidal
volume and the carbon dioxide and oxygen percentages of the alveolar and
expired air, was found to average 189 and 203 cc. respectively in observa-
tions in which the average tidal volume was 0.49 liter. These values were
slightly higher than those usually found in normal subjects (dead space of
150 cc. for a tidal volume of 0.50 liter). However, since all investigators
agree that no true sample of mixed alveolar air from subjects with pul-
monary emphysema is ever likely to be obtained by the usual procedure,
some caution must be used in accepting these results. In view of the
questionable character of the calculations employed above we have com-
menced to use a new procedure for the measurement of the dead space in
the hope of achieving more reliable results. The method consists in taking
several samples of air in rapid succession during the course of a single
expiration. The total volume of the expiration is graphically recorded,
and the time and volume which has passed at the instant of taking each
sample is shown. In this way the curve of the gradient of CO2 in a single
expiration may be plotted and used as a basis for calculation of the dead
space. These investigations are being carried out at the present time.
Two of the curves are presented in Figure 5, one obtained in a normal
subject and another in a case of emphysema (Case 25). The point at
which the carbon dioxide content of the expired air becomes constant is
not appreciably different in the curves of these two subjects. Although
no definite conclusion has been reached at the present time, it seems likely
that the respiratory dead space in emphysema does not differ appreciably
from that of the normal subject.
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FIG. 5. CO2 CONTENTOF SEVERAL SAMPLESOF AIR TAKEN AT KNOWN
VOLUMESIN A SINGLE EXPIRATION, IN A NORMALMALE SUBJECT (CROSSES)
AND IN A CASE OF PULMONARYEMPHYSEMA(CIRCLES).

Columns on the right represent the total air content of the lungs at the mo-
ment the expiration was started: black area represents the residual air; the
upper white area is the tidal volume and the lower white area is the reserve air.

Column 1 corresponds to the normal subject and column 2 to the case of
emphysema.

Chest expansion
Wehave studied the expansion of the chest by means of a doubly ex-

posed roentgenographic film taken at the respiratory positions of forced
expiration and inspiration with the patient in the recumbent position.
Measurements of the areas of the lung fields (by means of a planimeter)
and of the excursion of the diaphragm and the lateral expansion of the
chest, as well as the degree of rotation of the ribs gave a fairly good indi-
cation of the ability and extent to which the thorax may be expanded.
Such measurements are summarized in Table V. The ratio,

Area at maximum expiration X 100
Area at maximum inspiration

had a mean value of 73.4 per cent with extremes of 56.6 and 90.9. This
mean value was distinctly higher than the one obtained in the study of a
group of normal subjects (62.2 with a standard deviation of 4.4). All
cases, except two, showed a higher ratio than the mean normal value.

A more or less constant finding in this series of cases was a diminution
of the diaphragmatic excursion and of the lateral expansion of the chest,
the mean values of which were 4.0 and 2.4 centimeters respectively, as
compared with the normal mean values of 6.3 and 3.2 centimeters. The
degree of rib movement was also decreased in most cases and in some
instances there was practically no rotation of the rib during the two phases
of respiration. In spite of the wide variation in the measurements above
mentioned it is evident that there is a definite diminution in the ability
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TABLE V

Chest expansion * in emphysema

Diaphragmatic excursion
Case Area at maximum expiration _ _ _ Rib Lateral

number Area at maximum inspiration X 100 mqvement expansion
Right Left Average

cm. cm. cm. degrees cm.
1 82.9 4.1 5.5 4.8 2 0.2
2 74.7 1.0 4.1 2.6 17 3.4
3 86.8 3.4 3.3 3.4 7 2.2
4 70.7 4.8 5.5 5.1 11 1.0
5 71.8 4.1 5.7 4.9 15 3.0
6 73.4 3.6 4.9 4.3 18 2.3
7 75.5 4.3 4.4 4.4 22 2.2
8 71.8 5.2 5.4 5.3 9 1.6
9 80.6 2.3 4.7 3.5 11 1.7

10 82.6 1.7 1.1 1.4 18 3.5
11 71.3 3.9 6.0 5.0 14 2.9
12 85.7 1.9 3.9 2.9 9 0.6
13 84.9 2.1 2.8 2.5 3 0.4
14 66.3 2.9 4.9 3.9 22 1.6
15 68.8 5.2 4.5 4.9 17 2.7
16 69.0 3.3 4.3 3.8 24 3.2
17 90.9 0.0 0.6 0.3 20 2.3
18 64.8 6.0 6.0 6.0 16 2.2
19 68.7 4.5 4.2 4.4 24 3.1
20 67.3 5.4 4.8 5.1 16 1.9
21 56.6 6.3 6.2 6.3 12 2.2
22 68.5 2.0 2.3 2.2 24 3.7
23 61.2 5.5 7.5 6.5 19 3.5
24 59.1 5.5 5.5 5.5 19 3.8
25 75.3 2.4 3.4 2.9 16 2.6
26 85.9 0.5 2.2 1.4 9 2.4

Mean and 73.4 :1: 1.20 3.6 4.4 4.0 16 2.4
probable error A 4 1 4

0.22 0.21 0.21 0.79 0.13

Standard 9.1 1.7 1.6 1.6 6.0 1.0
deviation

* Measured from a doubly exposed
tion and inspiration.

roentgenogram: at maximum expira-

to expand the chest in pulmonary emphysema, which tends to be propor-
tional to the degree of abnormality in the ratio of residual air to total
capacity.

DISCUSSION

The term empbysema is one which is frequently used loosely. Various
types of the disorder may be recognized. One form is the compensatory
emphysema which develops in some portions of the lungs when other
portions are rendered airless by any one of a variety of pathological proc-
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esses. "Physiological" emphysema is found in individuals at high alti-
tudes. The two remaining types may be described as the obstrutctive and
non-obstructive. The former occurs in association with bronchial obstruc-
tion by bronchitis or asthma. The latter is believed to be due to extra
pulmonary causes. Kountz and Alexander (19) have studied the non-
obstructive type which they believe is due primarily to an increase in the
size of the chest resulting from a straightening of the dorsal spine. In
this type there is probably little if any loss of respiratory function. We
have investigated one such case, the findings of which are presented in
Figure 6 for the purpose of comparison with the obstructive type. In this
case there was no history of dyspnea or any other symptomii referable to
the respiratory system, the diagnosis of pulmonary emphysema was made
on the suggestive appearance of the chest. Determainationi of the pul-
monary capacity revealed a decreased vital capacity but a normal volume
of residual air and a normal ratio of this volume to the total capacitv.
This case serves to emphasize the importance of differentiating the two
types, one of which appears to be chiefly an anatomical abnormlalitv in
which respiratory function is slightly disturbed, the other a funictional dis-
turbance of great clinical significance. Determinations of pulmoniary ca-
pacity are helpful in deciding to which group an individual case belongs.

From the clinical history of our patients it will readilv lbe seen that
they belong to the obstructive type of emphysema, with respiratory dis-
al)ility of varying degree. There was a history of chronic bronchial asthma
or bronchitis in all cases. A comparison of this group as a whole with
that of normal male subjects studied under similar conditions and with
identical technique will be helpful in understanding the different factors
which enter into the pathological physiology of pulmonary emphysema.
Such comparison is made in Table VI and Figure 7. Patients with emphy-
sema are characterized as a rule by an unusually voluminous chest, by a
low position of the diaphragm. The chest in such cases tends to assume
a rounded as well as an elongated shape, as though it were permanently
in the position of deep inspiration. Such an abnormal chest moves less
than that of a normal man and this diminution of expansion was demoni-
strated by the limited excursion of the diaphragms, by less than normal
change in the lateral and antero-posterior diameters of the chest and by
the decreased rotation of the ribs. These abnormalities in the menisura-
tion -of the thorax are strikingly reflected and paralleled by alterations
in the capacities of the lungs. The amount of air which such a patient
is able to take into his lungs by a f orced inspiration is markedly re-
duced, and this is due, literally speaking, to the fact that these organs
already contain an increased volume of air. In obstructive emllphysema
the mid capacity at the end of the usual expiration is higher than normal,
with the result that each tidal inspiration must diffuse with a larger volume
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FIG. 6. PUILMNIONARY CAPACITY IN A CASEI OF NON-O1STRLUCTIVEEMPHYSEMA
WIi IH No RESPIRATORYDISABILITY

Clhest has a (lefiiite emphysenmatous appear-ance. The vital cal)acity is de-
crease(l but the absolute an(l relative values of the residual air are normiial.

to Residual air
X 100-27.5 per cent.)

1 (otal capacity
of air in order to ventilate the alveoli properlv. It is apparent that this
lack of p)hysiological balance between the volume of air to be ventilated
andI air available for such ventilation, together with the decreased ability
to propelrly expand the chest, assumes a much greater significance during

physical activity when the heightened body metabolism-i demands an in-

crease in alveolar ventilation.
We n1aux nowN iin(luire inlto the anatomical and functional meclhallismiis

resl)onsil)le for the abnormalities found in patients with pulmonary emphv-
sema. Although postnmortem studies of enmphysematous lungs do not al-

ways present a Unifornm picture there is general agreement that certain

commoln find(lings constitute the aniatonmical background. When the thorax

is opeined the lungs appear voluminous and do not collapse. There is

usually dilatation and an ischemic appearance of the alveoli chiefly in the

perilheral zones. IHistologically the alveoli are found to be large and in
many l)laces two or more are united in a single cavity due to broken walls.
The alveolar walls are usually thinned, stretched, torn and atrophied and

the capillaries obliterated. The resl)iratory bronchioles also present ab-
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PULMONARYCAPACITY: EMPHYSEMA

FIG. 7. COMPARISONOF THE AVERAGECHEST SIZE AND EXPANSION AND

THE PULMONARYCAPACITY IN A GROUPOF 26 CASES OF EMPHYSEMA(OB-
STRUCTIVE TYPE) WITH THE CORRESPONDINGAVERAGEMEASUREMENTSIN A

GROUPOF 50 NORMALMALES. (For actual values see Table VI.)

A. Outline of the lung fields of normal subjects at the respiratory positions
of forced expiration and inspiration.

B. Pulmonary capacity in normal subjects.
C. Pulmonary capacity in emphysema.
D. Outline of the lung fields at the respiratory positions of deep expiration

and inspiration in emphysema.

normalities in their structure, showing dilatation or evidence of a chronic
infective process.

The functional abnormalities of the emphysematous lungs have been
discussed recently by Christie (18) in a most interesting and careful study.
According to this investigator (to whomwe refer the reader for a complete
presentation of the related literature) the fundamental factor in the emphy-
sematous lung is a loss of elasticity causing a gradual increase in the re-

sidual air, as the lungs yield to the continuously exerted negative pressure

at the pleura. The intrapleural pressure increases, shifting to positive
values, a fact which has been reported by other investigators (Kountz,
Pearson and Koenig (20)). It is obvious from these observations that
we are dealing in pulmonary emphysema with a fundamental abnormality
in the mechanics of the respiratory process concerned with the proper

alveolar ventilation, the importance of which has been admirably sum-

marized by Peabody (21) in the following sentence: "Nevertheless, it
remains true that the respiratory process is initiated in the rhythmic
expansion and collapse of the lungs and all other phases of respiration
depend primarily on the comparatively simple mechanical movements."
When we consider the relationship of abnormal pulmonary capacities to

the degree of respiratory disability we find in the literature that of all the
subdivisions, the vital capacity is the one to which chiefly attention has
been paid, especially in the fundamental and classical work of Peabody

A S C -
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and his co-workers, which has been recently summarized by Burwell (22).
It is of special importance, however, to know the ratio Residual air inTotal capacity..
pulmonary emphysema, in which the residual air is always increased. Our
observations indicate that this ratio has great functional significance.

Some investigators have already pointed out the value of such deter-
minations in pulmonary and cardiac diseases and in other conditions.
Binger (23) in 1923 found a correlation between the ratio of the vital
to the total capacity and the clinical condition of patients with heart disease.
Bendove (24) in 1925 observed that in tuberculosis patients with a low
vital capacity there was marked dyspnea, while in cases in which a thera-
peutic pneumothorax had been induced and where the same low vital
capacity existed there was no appreciable dyspnea. This difference he
attributed to the fact that the residual air had also been reduced so that a
more efficient alveolar ventilation was possible. In 1930 Meakins and
Christie (25) wrote: "the efficiency of the pulmonary ventilation would
appear to rest upon the relationship between the residual air and the total
lung capacity." Robb and Weiss (26) in 1932 reported that both in
cardiac patients and in those with hyperthyroidism the ratio of residual
air to the vital capacity was correlated with the degree of dyspnea present
and that this ratio decreased as the condition of the patient improved. We
have correlated in Table VII the degree of dyspnea, with the ratio of re-

TABLE VII

Relation of dyspnea to changes in the pulmonary capacity

Number Dcesin IceeinRatioDyspnea* of icrease in|cInrease ir Residual air°
cases itlcpct reiular Total capacityX10

per cent per cent
+ 7 -18.3 +72.0 38.3

++ 8 33.8 84.5 43.5
++ + 8 54.5 158.1 60.8

++++ 1 60.9 267.7 72.5

* Degree of dyspnea indicated by +: dyspnea only on severe physical ac-
tivity; ++: on moderate exertion; +++: on slight physical activity; and
+- H+: at rest.

sidual air to total capacity.3 The degree of dyspnea was estimated from
the history and in a few cases from actual observations made during phys-
ical activity. A striking relationship between the degree of dyspnea and

the value found for the ratio, Total capacity X 100 is shown in Figure 8.

8 Wehave omitted Cases 14 and 26 in this comparative study on account of
lack of precise information regarding the degree of dyspnea.
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TOTAL CAPACITY

IN PULMONARYEMPHYSEMA

Dyspnea only on severe physical activity.
Dyspnea on moderate exertion.
Dyspnea on slight physical activity.
Dyspnea at rest.

From such correlation it appears, that the increase in this ratio is not only
a constant feature of pulmonary emphysema but that its value is closely
related to the degree of respiratory disability, furnishing a quantitative
basis for the estimation of the latter.

The importance, from the diagnostic and prognostic points of view,
of having such a quantitative estimation is obvious. Yates (27) in 1925
called attention to the fact that intrathoracic operations on patients suf-
fering from emphysema are extraordinarily hazardous. We have per-

sonally observed two cases with a high ratio of residual air to total ca-

pacity, who were submitted to surgical procedures in the thorax; one of
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them died shortly after the operation and the other had a long and stormy
convalescence. The accuracy of the diagnosis of pulmonary emphysema,
as well as the proper estimation of the degree of respiratory disability
would be of considerable help in such cases. In chronic bronchial asthma,
also, the development of pulmonary emphysema and the estimation of the
degree of respiratory disability is of importance. In this condition the
determination of the ratio of residual air to total pulmonary capacity may
have value. A comparison in such cases of the pulmonary capacity with
the duration of the asthma is summarized in Table VIII. No definite

TABLE VIII

Correlation between duration of asthmatic history and pulmonary capacity

Duration of Number Ratioasthmatic of Decrease in Increase in Residual airattack~s cases vital capacity residual air Total capacity 10

Per cent Per cent
Less than 5 years. . 7 30.2 105.6 44.4
From 5-10 years... 6 42.0 84.8 49.0
From 10-20 years.. 5 34.1 92.4 46.8
Over 20 years . 5 40.1 167.5 55.4

relationship was found between these factors, suggesting that there must
be other factors apart from the chronicity of the asthma influencing the
development of pulmonary emphysema in these patients.

]Finally we wish to call attention to the absence of serious cardiac com-
plications in this group of cases of pulmonary emphysema. This is in
agreement with the investigations of Alexander, Luten and Kountz (28)
and Kountz, Alexander and Dowell (29).

SUMMARYAND CONCLUSIONS

Determinations of total pulmonary capacity and its subdivisions and
measurements of the capacity to expand the chest have been made in
twenty-six cases of pulmonary emphysema of the obstructive type. The
findings have been correlated with the degree of respiratory disability, and
lead to the following conclusions:

1. The ability to expand the chest in pulmonary emphysema is di-
minished.

2. There are definite alterations in the subdivisions of the pulmonary
capacity consisting chiefly in absolute and relative decrease in the vital
capacity, and absolute and relative increase of the mid capacity and residual
air. The total capacity is as a rule normal.

3. The decrease in the vital capacity affects chiefly the complementary
air. Decrease or disappearance of the reserve air after a deep inspira-
tion is not a constant finding in all cases of pulmonary emphysema.
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4. Although no definite conclusion has been reached as to the value
for the respiratory dead space in pulmonary emphysema it appears likely
that no significant alteration from normal is present.

5. The degree of respiratory disability has been found to be closely

correlated with the ratio, Total caairy X 100. The higher this ratio
Toa apacity

the more pronounced is the failure of respiratory adaptation to physical
activity.

6. The significance of this ratio as an indication of the efficiency of the
alveolar ventilation, and its usefulness in pulmonary emphysema for di-
agnostic and prognostic purposes has been discussed.
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APPENDIX
Case 1. Male, 61 years. No history of asthmatic attacks. Dyspnea4

(+++) and cough for 3 years. Marked cyanosis and clubbing of the fingers.
Chest emphysematous in appearance with hyperresonant percussion note and a
few scattered rales. Electrocardiogram showed myocardial damage and intra-
ventricular conduction defect. Roentgenograph: lung markings greatly exag-
gerated with marked emphysematous changes. Left ventricular hypertrophy.

Case 2. Male, 48 years. Mild asthmatic attacks, dyspnea (++) and cough
for 3 years. Chest not emphysematous. Expiration prolonged. Electrocardio-
gram showed left ventricular preponderance. Roentgenograph: slight increase
in linear markings especially in hilar regions. Flaring of the ribs.

Case 3. Male, 55 years. Asthmatic attacks, dyspnea ( +-H ) and cough
for 20 years. Chest markedly emphysematous with hyperresonant percussion
note, prolonged expiration with scattered musical rales. Marked cyanosis.
Electrocardiogram normal. Roentgenograph: increased linear markings.

4+ dyspnea only on severe physical activity.
++ dyspnea on moderate exertion.
+++ dyspnea on slight physical activity.
++-1 - dyspnea at rest.
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Case 4. Male, 60 years. No history of asthmatic attacks. Dyspnea (+)
and mild cough for 1 year. Emphysematous chest with prolonged expiration.
Electrocardiogram presented evidence of myocardial damage. Roentgenograph:
increased linear markings, flaring of the ribs.

Case 5. Male, 60 years. Asthmatic attacks for 19 years. Dyspnea (-I-+)
and severe cough for 10 years. Chest not emphysematous; hyperresonant per-
cussion note and numerous musical rales. Roentgenograph: marked increase
in linear markings, especially at the hilar regions.

Case 6. Male, 63 years. Asthmatic attacks, dyspnea (-H) and cough for
40 years. Marked cyanosis and slight clubbing of the fingers. Emphysematous
chest with marked hyperresonant percussion note and prolonged expiration;
scattered musical riles. Electrocardiogram showed left ventricular preponder-
ance. Roentgenograph: exaggerated linear markings, emphysematous bases.

Case 7. Male, 26 years. Attacks of asthma for 20 years. Dyspnea (+)
for 1 year. Negative chest examination. Roentgenograph: increased linear
markings and increase in the size of the hilar shadows.

Case 8. Male, 43 years. Asthmatic attacks, dyspnea () and cough for
6 years. Chest markedly emphysematous; dorsal kyphosis. Hyperresonant
percussion note and prolongation of the expiration. Electrocardiogram normal.
Roentgenograph: dense shadow at the right apex. Increased markings.

Case 9. Male, 64 years. Asthmatic attacks, dyspnea ( + +) and cough
for 30 years. Chest not emphysematous. Percussion note hyperresonant; pro-
longation of breath sounds with numerous riles. Electrocardiogram showed
evidence of myocardial damage. Roentgenograph: increased linear markings,
low flat diaphragm, pleural thickening about diaphragm.

Case 10. Male, 52 years. Asthmatic attacks, cough and dyspnea (++)
for four and a half years. Chest not emphysematous; percussion note hyper-
resonant and expiration prolonged. Roentgenograph: increased linear mark-
ings and radiability of lung fields, flaring of the ribs, wide intercostal spaces.

Case 11. Male, 52 years. Asthmatic attacks, dyspnea ( +) and cough for
5 years. Chest not emphysematous; hyperresonant percussion note, expiration
prolonged accompanied by a few scattered musical riles. Roentgenograph: in-
creased linear markings, especially at the hilar zones, increased radiability of
the lung fields and flaring of the ribs.

Case 12. Male, 45 years. Asthmatic attacks, dyspnea (+++) and cough
for 6 years. Emphysematous chest; hyperresonant percussion note, distant
breath sounds with riles and rhonchi. Electrocardiogram showed left ventricu-
lar preponderance and sinus tachycardia. Roentgenograph: increased radiabil-
ity of lung fields, flat diaphragms. Old fibrosis and calcification at right apex.

Case 13. Male, 52 years. Asthmatic attacks, dyspnea ( I ++) and se-
vere cough for probably 1 year. Emphysematous chest; expiration prolonged
scattered musical rales. Electrocardiogram showed evidence of myocardial
damage. Roentgenograph: prominent linear markings, increase in size and
density of hilar shadows. After lipiodol injection a questionable diagnosis
of bronchiectasis.

Case 14. Female, 36 years. Asthmatic attacks for 35 years. Dyspnea
probably for several years. Emphysematous chest, with hyperresonant per-
cussion note. Electrocardiogram showed sino-auricular tachycardia. Roent-
genograph: prominent linear markings with increase in density of hilar shad-
ows; fine feathering over right lung and shadows of increased density in left
lung.

Case 15. Male, 32 years. Asthmatic attacks, dyspnea (+) and cough for
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12 years. Chest not emphysematous, percussion note hyperresonant, expiration
prolonged. Roentgenograph: increased radiability at the lung bases with flar-
ing of the ribs.

Case 16. Male, 41 years. Attacks of asthma, dyspnea (+) and cough for
10 years. Slight clubbing of the fingers. Thorax: hyperresonant percussion
note and prolongation of the expiration with few scattered riles. Roentgeno-
graph: increased linear markings, increased radiability of lung fields, flaring
of ribs.

Case 17. Male, 41 years. Asthmatic attacks for 10 years. Dyspnea
(-I- I-+) and severe cough for 26 years. Slight cyanosis of mucous mem-
branes. Emphysematous chest; percussion note hyperresonant, prolongation
of breath sounds with numerous musical rales. Electrocardiogram normal.
Roentgenograph: increased linear markings especially in both lower fields and
in hilar shadows, low flat diaphragm.

Case 18. Male, 38 years. Asthmatic attacks, dyspnea (-H-) and cough
for probably 4 years. Slight cyanosis; marked clubbing of the fingers. Chest
not emphysematous; percussion note resonant, prolonged expiration, scattered
musical rales. Electrocardiogram showed left ventricular preponderance.
Roentgenograph: increased linear markings and enlarged hilar shadows. Dor-
sal scoliosis.

Case 19. Female, 28 years. Asthmatic attacks, dyspnea (+) and cough
for 7 years. Chest normal. Roentgenograph: increased linear markings, espe-
cially at the hilar regions.

Case 20. Male, 43 years. Asthmatic attacks, dyspnea (-H-+) and cough
for probably 30 years. Emphysematous chest; prolonged expiration and scat-
tered rales. Electrocardiogram presented left ventricular preponderance.
Roentgenograph: increased linear markings, enlarged hilar shadows, low dia-
phragm, bulging of the ribs. Prominent pulmonary conus.

Case 21. Male, 50 years. Asthmatic attacks, dyspnea (-H-A-) and severe
cough for 6 years. Emphysematous chest; hyperresonant percussion note, ex-
piration prolonged. Electrocardiogram normal. Roentgenograph: increased
linear markings and enlarged hilar shadows.

Case 22. Male, 17 years. Asthmatic attacks, dyspnea (+) and cough for
1 year. Chest examination negative. Roentgenograph: increased linear mark-
ings, more marked at both bases; enlarged hilar shadows.

Case 23. Male, 49 years. Asthmatic attacks, dyspnea (++) and cough for
2 years. Slight cyanosis. Chest not emphysematous, prolonged expiration and
scattered musical rales. Electrocardiogram showed left ventricular preponder-
ance. Roentgenograph: increased linear markings with enlarged hilar shadows.
Sclerosis of the aorta.

Case 24. Male, 17 years. Asthmatic attack, dyspnea (+) and severe
cough for 1 year. Chest normal. Roentgenograph: increased linear markings,
especially at the hilar regions.

Case 25. Male, 43 years. Asthmatic attacks, dyspnea (-I-) and cough
for 5 years. Emphysematous chest; prolonged expiration and scattered musical
and coarse rales. Roentgenograph: prominent linear markings with increased
radiability at both bases. Pleural thickening.

Case 26. Male, 55 years. No history of asthma. Dyspnea doubtful and
cough. Slight cyanosis. Emphysematous chest; hyperresonant percussion note
and scattered rhonchi. Electrocardiogram normal. Roentgenograph: slight
increase in linear markings with feathering in both lower lung fields; increased
radiability of lung fields; calcification of right pleura.
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