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A well recognized phenomenon of pneumonia is reduction of respira-
tory motion on the side of the chest occupied by the lesion. Restriction
of costal movement is usually plainly apparent to the bedside observer,
and this together with elevation and restriction of the hemidiaphragm
may be distinguished by aid of the x-ray (1, 2, 3, 4). Our own observa-
tions of these signs in man, which are to be published elsewhere, were
assisted considerably by the use of a double-exposure roentgenographic
.method (5) whereby the shadows of the pulmonary environs at inspira-
tion and at expiration were superimposed on the same film for compari-
son. The ribs and diaphragm on the side of the lesion were shown
characteristically to move less than normal and to confine their excursions
to the expiratory portions of their normal ranges of motion, even during
maximum efforts to inspire. When pneumonia was limited to one lobe,
the ribs overlying that part were often more restricted than were those
over the normal lobes on the same side. The diaphragmatic dysfunction
was usually greater when the lesion was in the lower lobe than when it
was in the upper, and was greatest when the entire hemilung was con-
solidated to some extent. On the other hand, the diaphragm moved
normally in many cases when only one lobe, whether the upper or the
lower, was involved. Sometimes the heart shifted slightly toward the
diseased lung at inspiration, while it occupied a normal position at ex-
piration.

Three causes have generally been assigned for the abnormalities of
respiratory movement in pneumonia, namely, reflex spasm or inhibition
of the respiratory muscles, blockage of the alveoli and ducts with inflam-
matory exudate, and collapse of the alveoli. In the presence of sharp
pleuritic pain the intercostal muscles become obviously spastic, from both
voluntary and involuntary protective reactions; but without the pain,
although breathing movements are greatly reduced on the side of the
lesion, spasticity is less well defined or cannot be demonstrated at all. A
certain amount of evidence is available to suggest that under the latter
conditions the muscles are inhibited. Heuer and Holman (6) and others

(7) have shown that artificial stimulation of the central stump of a
589



590 ELASTIC TENSION OF LUNG

divided vagus nerve in animals causes the diaphragm temporarily to cease
moving and to assume the elevated position of complete relaxation, and
they interpret the effects as due to inhibition of the phrenic nervous
centers. Furthermore, Newburgh, Means and Porter (8) found that in
pneumonia the vagi carry centripetal impulses which act upon the re-
spiratory centers to render the respirations shallow and rapid. It may
well be, therefore, that the reduction of costal and diaphragmatic excur-
sions which is under discussion is produced by inhibitive impulses from
the lungs (2). The second and third causes for the abnormalities of
breathing are perhaps more manifest than the first, since with the alveoli
rendered unavailable for reception of air, either because they are filled
with exudate or collapsed, that part of the lung cannot expand at inspira-
tion and probably impedes the expansion of the adjacent region of the
thoracic parietes. A common observation at autopsy is that consoli-
dated areas in pneumonic lungs expand poorly or not at all when the
lungs are excised and then inflated by blowing into the trachea (9, 10).
The space normally intended for air is occupied by fluids. Coryllos (10)
believes that atelectasis occurring in the early stages of pneumonia is
chiefly responsible for the changes in position and motion of the breathing.
parts.

The changes in breathing in our clinical cases were not always easily
explained by these hypotheses, because they were often found before any
consolidation of the lung was demonstrable and remained for some time
after consolidation and all outward signs of pulmonary irritation had
gone. In one instance elevation and confinement of the diaphragm per-
sisted for more than three weeks after complete reaeration of the lung
had occurred and cough had disappeared. Reflex nervous inhibition
could account for the changes during the preconsolidative stage, for the
lungs were then distinctly catarrhal, but that seemed probably not to
be the cause for them late in the recovery period. An hypothesis hitherto
unconsidered presented itself, that alterations in elasticity of the lung
parenchyma occurred at these stages of the disease and were chiefly
responsible. This seemed the more likely because soft tissues in other
parts of the body become stiffer than normal during, and for a period
after, the presence of acute inflammation, and because increased elastic
tension of the pulmonary alveolar and lobular septa at the pre- and post-
consolidative periods of pneumonia would be expected to increase the
resistance to pulmonary inflation and impede the excursions of the thoracic
parietes.

The elasticity of the lungs has been the subject of much investigation.
Perhaps the best work on the normal lungs is that of Cloetta (11). As
to the pathological changes in this property, interest has centered prin-
cipally in the loss of tension in emphysema (12, 13, 14). The statement
that the elastic tension is increased in pneumonia appears here and there
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in the literature (15), but few writers have made direct measurements
to prove the truth of the assertion. Perls (14), in 1869, attached a
manometer to the trachea of human subjects dead of various diseases,
then opened the chest and read the manometric pressure produced by
the recoil of the lungs. He found greater pressures in cases with pneu-
monic consolidation than in those with normal lungs. However, he was
not satisfied with the results because of the postmortem changes that had
occurred before autopsy, and others (14) have not accepted them for the
same reason. Coryllos states, and it is our experience too, that human
lungs at autopsy frequently leak air from the pleural surfaces on inflation
so freely as to interfere with the results of such experiments. Bittorf
and Forschbach (16) insufflated the trachea of human subjects with air
after death without opening the chest and measured the pressure neces-
sary to expand the chest. They found increased pressures in the pres-
ence of pneumonic consolidation. Tendeloo, Hennemann and Metz (12)
tested strips of tissue excised from the cortex of lungs of man. The
length of each strip was measured, the strip was stretched momentarily
to a certain degree, and the length after relaxation was determined. The
degree of approach to the initial length was used as the index of elas-
ticity. The specimens from consolidated lungs proved considerably less
elastic than those from normal lungs. Apparently only Joannides and
Steinman (17) have paid attention to the nonconsolidative stages of pneu-
monia. They reported from microscopic study of the living dog’s lung
that the alveolar walls were thicker and seemed to stretch at inspiration
less easily than normal when pneumonia was incipient and the air spaces
and passages were still patent.

The experiments to be described were designed to determine from
freshly excised lungs of dogs to what degree the pulmonary tissues develop
increased elastic tension in pneumonia, especially before and after the
period of consolidation, and how much this affects the gross pulmonary
expansion. Dogs were chosen as subjects because they are known, after
proper intrapulmonary inoculation, to run a course of pneumonia that
closely resembles the spontaneous lobar pneumonia in man.

EXPERIMENTAL MATERIALS AND METHODS

Pneumonia was produced in 13 dogs by the method of Terrell, Robertson
and Coggeshall (18, 19), with the modification that inoculation was done with
the aid of bronchoscopy. The bronchi of the right lower lobe were examined
by x-ray from day to day. Three were sacrificed at what seemed to be the
height of pneumonic consolidation, 3 to 7 days after inoculation; and the re-
maining five were sacrificed 2 to 6 days after disappearance of consolidation,
which was 14 to 17 days after inoculation.! The animals were electrocuted

! ““Asarule, within 24 hours after inoculation typical consolidation of the in-
jected lobe has occurred. . . . The disease runs a febrile course of 3 to 7 days;
the pneumonic lesion either remains localized in one lobe or spreads from lobe
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to avoid the agonal changes frequently produced in the lungs by other methods
of killing. Autopsy was begun by exposing and clamping the trachea in the
neck. The chest was opened and the lungs were examined, special note being
made of the relative sizes of the lower lobes, inflated as they then were to the
degree of passive expiration.? All vessels supplying the lower lobes were
ligated to retain the fluids, and the lungs were removed en masse from the

Fic. 1. APPARATUS FOR INFLATING EXCISED PuLMONARY LLOBES WITH EQUAL,
MEASURED PRESSURES OF AIR AND DETERMINING THEIR VOLUMES

The volumetric chamber is represented at 4. It is shown again at B with
cover and platform lifted for insertion of a lobe. At C are two lower lung
lobes attached to the same system of tubes and syringe for inflation. The
manometer which is connected at m is not shown. The tube at p is opened
for admission of air to the syringe, and the tube at ¢ is opened only when the
tube at p is closed for injection of the air into the specimens.

to lobe. This experimental disease resembles the natural disease in humans
in the manner of spread of the lesion, the localization of the process, the im-
mune response, the abrupt termination of the disease by crisis, lysis, or death,

and the rapid regression of the process after recovery. . . . With the evolution
of the disease the lesion progresses through the different stages observed in the
human pneumonic lung. . . .”" (18)

Many more dogs were inoculated than those enumerated above, but they
were discarded, either because x-ray examination during life or after death
showed pneumonia in the left lower lobe or only abortive pneumonia in the
right lower lobe; or because the lobes were accidently punctured at the time
of removal and leaked air on reinflation.

2 Attempts were made in the earlier experiments to measure accurately the
volume of each of the lower lobes in this state of inflation, but without success
because the handling of the lungs incident to their removal and preparation for
such measurement necessarily caused displacement of air from lobe to lobe and
marked changes in size of the lobes.
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chest. The stem bronchi of all but the two lower lobes were now ligated and
then divided peripheral to the ligature, which left the primary bronchi airtight
and only the lower lobes attached. The clamp on the trachea was removed,
the lobes were allowed to collapse, and a photograph and a roentgenogram
were made. Each primary bronchus was then ligated near its origin at the
 trachea and was divided between the ligature and the trachea.

The volume of each lobe was obtained by immersion in water in a specially
constructed chamber (Fig. 1, 4 and B). This was a cylindrical metal vessel
fitted with a spigot and covered with a conical plate that was ground to fit
the top accurately. The cover was perforated at the peak by a short tube.
A removable platform was contained in the vessel. The chamber was made
ready for use by greasing the margin of the cover, fitting it in place, and filling
the chamber with water until the meniscus appeared at the top of the tube
in the cover. The spigot was next opened and sufficient water was let out to
enable the cover to be removed and one of the lobes to be introduced under the
platform without spilling any water. The cover was replaced and the water
that had been let out was poured through the tube back into the chamber until

g

g

F1G6. 2. APPARATUS FOR INFLATING AN EXCISED LOBE WITH A MEASURED
AMOUNT OF AIR AND DETERMINING THE INTRAPULMONARY PRESSURE
The tube at p is opened only to adjust the water level in the burette to the

lowest mark on the scale and then closed. The tubes at ¢ and ¢’ are opened

and closed as necessary while pumping air from the burette inte the specimen.
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the meniscus appeared again at the top. The volume of water left over was
taken as the volume of the lobe. After measuring both specimens in this way,
the ligatures were removed from the bronchi and the bronchi were applied and
held with ligatures on two limbs of a T-shaped cannula. The other limb of
the cannula was connected with rubber tubes to a water manometer and a
syringe (Fig. 1, C); and the specimens were simultaneously inflated with air
from the syringe until all parts of the left (normal) lobe were inflated to an
extent that was judged to represent natural, moderately full inspiration. The
pressure was then adjusted to 10 cm. HyO by removing a little air. Each
bronchus was ligated right next to the cannula, to maintain the inflation, and
was freed from the cannula. Once more each lobe was measured volumet-
rically, photographed and roentgenographed.

After this the ligatures were taken off, the air was allowed to escape, and
the bronchus of the right (pneumonic) lobe alone was cannulated and was con-
nected to a water manometer, a syringe, and a burette which had been inverted
and placed with the lower end in a dish of water (Fig. 2). The water level in
the burette was adjusted to the lowest mark on the scale, and then air was drawn
from the burette by the syringe and deposited in the lobe until the noncon-
solidated portions of the lobe were fully inflated.* The amount of air required
to do this and the manometric pressure were noted. The lobe was replaced
by the other and the test was repeated; this time, however, using only the
amount of air injected into the first lobe.

Finally, the lobes were sectioned at numerous places, including the most
consolidated and most air-containing regions, for gross and microscopic ex-
amination.

The entire procedure, except for the inoculation, was applied to 5 other
dogs, to obtain normal controls.

RESULTS

The data thus obtained for each lobe of every pair included (1) the
relative size at natural expiration, (2) the absolute size at complete col-
lapse, (3) the absolute size at inflation with equal pressures as at natural
inspiration, (4) the pressure at inflation with equal amounts of air, and
(5) the gross, microscopic and roentgenographic appearances of the tissues.
The measurements from the four groups of dogs are given in the tables.

(1) Size at expiration. The two lobes appeared to be very nearly, if
not quite, the same size, whether pneumonia was present or not and
whatever was the stage of the lesion.

(2) Size at collapse. In the control dogs the two lobes showed very
little difference in size, the greatest difference being 7 per cent. In 3
of them the right lobe was the larger, and in 2 the left was the larger.
At the preconsolidative stage of pneumonia the right lobe was larger by
6 to 11 per cent; at the consolidative stage the right was larger by 2 to
34 per cent; and at the postconsolidative stage the right was the same
size as the left in 1 case, 2 per cent smaller in 1 case, and 3 to 9 per cent
larger in 3 cases. (Figure 4.)

3 Attempt was not made to equalize the water-levels of the burette before
taking the manometric reading, because the difference of level was exactly the
same with the two lobes and we were interested only in comparative pressures.
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(3) Size at inspiration. The lobes from the control dogs had slight
differences in size, the greatest difference being 8 per cent. In 2 of them
the right was the larger, and in 3 the left was the larger. At the precon-
solidative stage the left lobe was larger by 13 to 48 per cent; at the con-
solidative stage the left was larger by 40 to 60 per cent; and at the post-
consolidative stage the left was larger by 19 to 39 per cent. (Figure 4.)

F1c. 3. ROENTGENOGRAPHIC APPEARANCE OF A DoG's CHEST 3 DAYS AFTEK
INocuLATION OF THE RIGHT LowER LOBE wITH PNEUMOCOCCUS

The lobe (on the right) is seen to be completely consolidated and the right
hemidiaphragm to be slightly elevated.

(4) Pressure at inspiration. The lobes from the control dogs exhib-
ited a fair degree of uniformity of pressure, the greatest difference being
16 per cent. In 1 of them the pressure was the same, in 2 that of the
right was the greater, and in 2 that of the left was the greater. At the
preconsolidative stage of pneumonia the pressure of the right lobe was
greater by 23 to 38 per cent; at the consolidative stage that of the right
was greater by 42 to 75 per cent; and at the recovery stage that of the
right was greater by 11 to 43 per cent. )

(5) Appearance. The lobes of the control dogs had no significant
alterations.
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B

Fic. 4. THE Two Lower LoBEs oF THE Do oF FIGURE 3, REMOVED 17
DAys AFTER INOCULATION AND 7 DAvs AFTER DISAPPEARANCE
oF CONSOLIDATION
The lobes are collapsed at 4 and expanded at B; and the corresponding
volumes are inscribed. Note the lack of consolidation in both lobes, the ap-
proximate equality of size at collapse, and the smaller size of the inoculated
lobe (on the right in each view) at expansion.
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Both lobes of the inoculated dogs presented gross changes at the pre-
consolidative stage, the right, however, much more than the left. The
right lobe was redder than normal throughout, particularly along the
medial border and about the hilus. Numerous petechiae were scattered
over the surface at various points, also more especially at the medial
border and hilus. The tissues were everywhere crepitant and seemed
slightly heavier than normal. Section showed the parenchyma to be red
and wet in those regions with the greater surface changes, and to be prac-
tically normal in other parts. No consolidation was discernible. The
left lower lobe presented slight superficial redness limited to the medial
aspect of the hilic region and redness and wetness of the parenchyma
beneath, but it was normal elsewhere. The peribronchial connective
tissues and lymph nodes of both lobes were somewhat edematous. Mi-
croscopic examination revealed an air-containing condition throughout in
both lobes, except for a few small areas in the cortex of the right lobe at
the hilic region where a few of the alveoli were filled with erythrocytes
and edema fluid. The capillaries and smaller arterioles and venules were
dilated with blood in many parts of the right lobe but only in the hilic
region of the left lobe. In these places the alveolar walls were two or
three times the normal thickness, due to the presence of dilated capil-
laries, increased interstitial fluids, and a few lymphocytes. The alveolar
sacs were contracted to one-third or one-fourth the normal size in most
instances. In other parts of both lobes there was no alteration. The
bronchi and bronchioles were empty.

At the consolidative stage, the right lobe was one-eighth to four-fifths
airless. The solid portions were sharply demarcated and occupied prin-
cipally the hilus and body of the lobe, while the air-containing parts were
mostly at the periphery. The former were swollen and dark purplish
red with smooth lusterless surfaces. Section presented a bulging, dry
and granular surface in some parts of the consolidated parenchyma, a
concave, dry and smooth surface in others, and a moist and somewhat
crepitant zone at the periphery; while it showed the air-containing tissues
to be without gross abnormality save for slight redness and wetness of
the cut surfaces. The left lobe was unaltered grossly except for a little
redness and wetness of the tissues near the hilus. The peribronchial tis-
sues and lymph nodes of both lobes were hugely swollen and edematous.
Microscopic study of the right lobe showed wide areas of pneumonic
consolidation beside narrower ones of atelectasis. The vessels were all
markedly engorged and the bronchial passages, large and small, were
choked with polymorphonuclear leukocytes, erythrocytes, epithelial dé-
bris and fluid. Sections from other regions showed the alveoli and
bronchi free from exudate. Here, for the most part, the alveolar and
lobular septa were distinctly thickened and the alveolar spaces were
correspondingly narrowed. Again the septal thickening was due to cap-



ELASTIC TENSION OF LUNG

598

‘S31}[[BWLIOUQE OU SMOYS 3qO[ paje[nooutun 3y, -eldas 1ejoasfe
ay3 jo SuaxdIyl Ing Aousied [eIyouoiq pue Ie[odA[e smoys (3Y3L 9y} uo0) 24O P3Ije[ndoul Y],
$ FYNOI 40 SHFOTT HL 40 SIONVIVEALY OIJODSOUDI|N G OIf




C. M. VAN ALLEN AND C. WU 599

illary engorgement and interstitial accumulation of wandering cells and
fluid. The left lobe presented no histological changes except in sections
from the hilic region where the vessels were engorged and the alveolar
septa were slightly thickened.

All animals sacrificed at the postconsolidative stage exhibited at x-ray
examination during the first week of the infection complete consolidation
of the right lower lobe. At autopsy, however, there was extremely slight
gross abnormality of the lungs. This appeared only in two cases and was
confined to theinoculated lobe. Near the hilus were small red and wet, but
crepitant, patches. Otherwise the right lobe appeared normal. (Figure
3.) The peribronchial tissues on the right were moderately edematous,
and the lymph nodes in this neighborhood and throughout the mediasti-
num were markedly enlarged and succulent. Fine brick-red granules lay
scattered abundantly in the mediastinal and pericardial membranes.
Histologically the parenchyma of both lower lobes was completely air-
containing, except for an occasional alveolus or small group of alveoli
situated near the pleura in the right lobe which was filled with clear fluid
or was collapsed. The capillaries and small vessels in all parts of this
lobe were slightly dilated, the interstitial fluids were slightly increased,
and this caused the alveolar and lobular septa in most places to be dis-
tinctly thickened. The septal change was the chief characteristic of the
right lobe, and it was in most cases entirely absent in the left lobe.
(Figure 5.) The pleural membrane of the right lobe was also definitely
thickened, due chiefly to proliferation of fibroblasts and somewhat to
increase of interstitial fluids and cells.

CONCLUSIONS

(1) The elastic tension of the dog’s lung becomes markedly increased
in pneumonia within a few hours after entrance of the organisms, before
blockage of the air passages and spaces with inflammatory exudate; also,
for several days after reinflation of the parenchyma. No conclusion is
drawn as to the elastic tension during consolidation, since exudate in the
bronchi and alveoli interferes with the inflation required for the tests.

(2) The increase of elastic tension is probably due to thickening of
the alveolar and lobular septa and, in the postconsolidative stage, also
to thickening of the pleura.

(3) The size of the lung is changed in pneumonia. In the precon-
solidative period, the infected lobe is larger than normal ¢ when fully
collapsed, about normal in size when inflated at expiration, and smaller

4 “Normal size,” with reference to the right lobe, refers to the size of the
left lobe, rather than to the absolutely normal size of the right lobe. This
basis of comparison is the more pertinent of the two for the object of the ex-
periments. The lower lobes of the dog lent themselves well for comparison
since they were normally very similar in size. See Table 1.

39
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than normal when inflated at inspiration. In the consolidative period,
the lobe is larger than normal at collapse, about normal at expiration,
and smaller than normal at inspiration. In the postconsolidative period,
the lobe is about normal in size at collapse and at expiration, and it is
smaller than normal at inspiration.

(4) Increased elastic tension of the parenchyma is probably chiefly
responsible for the decreased size of the right lobe at inspiration during
the pre- and postconsolidative periods. Increased content of inflamma-
tory products of the lobe is evidently responsible for the increased size at
collapse during the preconsolidative and consolidative periods. Block-
age of the air passages and spaces with inflammatory products and foci
of atelectasis (for the airless parts) and increased elastic tension of the
tissues (for the air-containing parts) probably act together to cause the
decrease in size at inspiration during the consolidative period.

(5) Without further study % it cannot be said how much this increased
elastic tension interferes with respiration during life; but judging from
the magnitude of the effects on the distensibility and size of the excised
lobe which it causes, it may well be expected to curtail the respiratory
movements of the ribs and hemidiaphragm adjacent to the inflamed part
and to displace the mediastinum, to the extent to which these changes
occur in clinical pneumonia.

(6) Since the lung shows unmistakable evidences of irritation through-
out the period of experimental observation, it is possible that reflex
nervous inhibition, as referred to in the introduction, occurs and con-
tributes to the curtailment of respiratory movements in the pre- and
postconsolidative stages of pneumonia, as well as in the consolidative
stage.

COMMENT

Our histological findings of interstitial cellular infiltration in the early,
preconsolidative stage of pneumonia correspond with those of Blake and
Cecil (20) in their research on pneumonia in monkeys. They showed
that after entrance to the large bronchi, the pneumococci quickly pene-
trate the bronchial walls and travel to the periphery in the peribronchial
lymphatics and connective tissues, producing their first parenchymatous
lesions in those tissues. Exudation into the bronchi and alveoli with
consolidation followed that process.

It was said in the introduction that patients with inextensive pneu-
monia occasionally showed no detectable alterations of position and mo-
tion of the pulmonary environs. Considering increased elastic tension
of the lung as the cause of the alterations, this is not surprising, for the
powerful action of the respiratory muscles would be expected completely
to overcome small increases in elasticity, at least as far as their extrinsic
influences are concerned.

5 This study is now in progress.
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Whether or not extrinsic effects develop, certain intrinsic ones would
be expected to do so, in all stages of pneumonia and in all extents of
that disease short of total involvement of the hemilung. Since each half
of the thorax is a single chamber filled with elastic pulmonary tissues
and without partitions to prevent internal spatial rearrangements from
taking place, the relatively tense inflamed parts of the lung should expand
at inspiration less, and the uninflamed parts more, than normal. This
would shift some of the work of breathing from the former to the latter
tissues. During the consolidative stage of extensive subtotal pneumonia
of the hemilung this shift occurs and is complete, as is well known, so
that the alveoli of the uninflamed part become greatly over-expanded
and emphysematous, which is detectable during life by physical signs
(Skodaic resonance, etc.) and after death by persistence of dilated alveoli
in the collapsed specimen as viewed at autopsy. But in the consolidative
stage of inextensive pneumonia where a wide field of normal hemilung
remains to take over the function, and in the pre- and postconsolidative
stages of inextensive or moderately extensive pneumonia where the func-
tional shift is partial, emphysema of detectable proportions would not
be expected to develop and the reapportionment of function that takes
place might well go unnoticed. Whether the effect of increased elastic
tension is purely intrinsic or both in- and extrinsic, it is obviously an
agent of rest for the inflamed tissues, which operates automatically from
a very early to a very late period of the disease. It would be expected
to act whether or not the inflammation progressed to consolidation.

The statement of the older pathologists that the pneumonic lung in
man is larger than normal is based upon comparison at autopsy of the
consolidated lobe with the collapsed, normal lobes. This, of course,
agrees with our findings in dogs.

The belief of Coryllos that the smaller size of the pneumonic lung at
inspiration is due to the presence of atelectasis may be true in the early
consolidative stage of which he writes, as far as these data go, but at the
pre- and postconsolidative stages it is clearly not due to atelectasis.

The elastic tension of the lung is known to become increased in an-
other kind of pulmonary disease, namely, tuberculosis. There it is often
brought strikingly to one'’s attention when artificial pneumothorax or
phrenic paralysis is induced, for then selective collapse and healing of the
diseased segment of lung may occur. This subject has been discussed
at length recently by one of us (21). It seems probable that the increased
tension that is responsible for selective therapeutic collapse in this disease
is due in some part, too, to thickening of the pulmonary septa and mem-
branes from dilatation of vessels and interstitial deposits of inflammatory
fluids and cells.
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TABLE 1
Observations on both lower lobes of normal control dogs' lungs.
Volumes of lobes when
Pr in lobe
mfl):ger Ilﬁ’r';';es' Inflated by equal vlvlglen li\ﬂagedo?ya.
Collapsed pressuresyoﬂa i equal volumes of air
< ce. hrveae cm. H:O
1 R 51 274 437 19
L 50 275 450 19
2 R 36 237 558 24
L 38 255 571 20
3 R 37 222 500 28
L 40 237 492 25
4 R 57 331 480 22
L 55 315 472 24
5 R 43 268 523 20
L 42 265 531 22
TABLE 2

Observations on both lower lobes of dogs’ lungs at the preconsolidative stage of pneumonia
in the right lower lobe, 6 hours after inoculation.

Volumes of lobes when
Pre in 1
number £ Inflated by equal vﬂzgﬂ?:lﬁ;ado?n
Collapsed li'l‘esaln'esy o%%ir equal volumes of a

cc. cc. f::,::g cm. HiO
1 R 24 137 471 26
L 22 188 755 19
2 R 37 155 318 24
L 33 230 597 18
3 R 30 153 410 27
L 28 180 543 20
4 R 44 243 452 26
L 40 280 600 16
5 R 49 202 312 26
L 46 265 476 20

SUMMARY

The fact is recalled that in clinical pneumonia may occur reduction
of costal and diaphragmatic movements on the side of the lesion, together
with lateral displacement of the mediastinum. The causes commonly
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given for this are enumerated and discussed, and it is pointed out that
they explain the phenomena well in the consolidative stage of pneumonia
but not well in the pre- and postconsolidative stages. The hypothesis
is advanced that the phenomena in the latter stages may be due to in-
crease in the elastic tension of the inflamed tissues.

Experiments with dogs are described which show that inflamed pul-
monary lobes at the pre- and postconsolidative stages of pneumonia
possess markedly increased elastic tension, as indicated by reduction in

TABLE 3

Observations on both lower lobes of dogs’ lungs at the consolidative stage of pneumonia in the
right lower lobe, 3 to 7 days after inoculation

Fracti Volumes of lobes when
R MY —————| ey
nsol e volumes of air
Collapsed grestsuresy o?%ir N
cc. cc. fn‘;:;';: om. HiO
1 R 4/5 44 87 197 28
L 0 29 146 503 8
2 R 4/5 49 122 249 24
L 0 48 250 521 6
3 R 1/8 32 106 331 24
L 0 30 272 907 14
TABLE 4

Observations on both lower lobes of dogs’ lungs at the postconsolidative stage of pneumonia
in the right lower lobe, 14 to 17 days after inoculation

Volumes of lobes when
Dog Lower Pressures in lobes
number lobes when inflated by
Collapsed Igf:st:d“rebsyo%(g.}?l equal volumes of air
cc. cc. ,’,f'”‘;z: em. H:O
1 R 34 170 400 19
L 34 210 518 17
2 R 45 214 375 28
L 41 324 690 16
3 R 40 210 425 26
L 41 342 733 19
4 R 32 134 318 25
L 31 180 480 19
5 R 36 192 433 24
L 34 256 653 16
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size and elevation of the intrapulmonary pressure at inflation of the lobes.
The increased tension appears to be due to thickening of the alveolar
and lobular septa and pleural membranes from dilated capillaries and
interstitial inflammatory fluids and cells. The changes of elasticity are
great enough to account in considerable part at least for the alterations
in movement and position of the pulmonary environs that occur clinically
in pneumonia.

The change in elasticity is believed to have the effect also of shifting
some of the work of breathing from the inflamed to the normal parts of
the lung. The change is believed to be very similar to that which occurs
in certain cases of pulmonary tuberculosis and which is responsible for
selective collapse of the lung after pneumothorax and phrenicotomy.
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