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My attention was first drawn to this subject 
while investigating the.changes in the respiratory 
movements in cases of abscess of the liver. 
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Since then I have observed the effects produced 
on the respiratory organs by such lesions as 

acute appendicitis, renal colic due to calculus, 
abdominal incisions for appendicitis or hernia, 
and other conditions involving trauma of the 

abdominal wall. 

In all these cases a definite series of changes 
can be observed in the respiratory system, 
mechanical in nature and reflexly produced and 
remaining mechanical unless complicated by intra- 
thoracic sepsis such as, for example, the spread 
of peritoneal infection into the pleural cavity, 
when we have other factors introduced which 

complicate the ordinary course of events. In 
cases not complicated by intra-'thoracic septic 
changes, we have to take into consideration two 

main factors, the first being the pain due to the 
lesion and the second the intra-abdominal 

pressure. 
Let us consider the effects of the pain first: 
In a case of acute appendicitis, for example, we 

have, as a result of the pain, an increase in the 
rigidity or tonus of the right rectus muscle, and 
to a certain extent of the oblique and transversal is 
muscles. This is reflex and protective, and 

produces, by immobilising the affected and painful 
area, a diminution in the pain. As soon as the 

rigidity is sufficiently pronounced for detection by 
palpation, a careful examination of the chest will 
demonstrate 

(1) a diminution in the movements of the 

right chest wall ; 

(2) a diminution in the intensity of the breath 
sounds over the right base ; 

(3) a diminution in the range of movement of 
the right half of the diaphragm ; and, 

(4) possibly a slight elevation of the right half 
of the diaphragm. 

As the pain increases all the above changes 
become more and more marked, and in a few 

days slight dulness, accompanied by a few moist 
sounds, may be made out over the right base. 
In the absence of definite sepsis in the pleural 
cavity the case does not progress beyond this 
stage. 
The removal of the appendix does not im- 

mediately do away with the signs in the right 
chest; in fact, the pain caused by the incision 

together with the effects of the anaesthetic may 

actually aggravate the condition, and as long 
as the incision remains painful, the respiratory 
organs will not be restored to the normal. 

We have all seen cases where a healthy appen- 
dix has been removed when the patient really 
had a patch of pneumonia, which had been over- 

looked, in the right lung. This is a question of 
referred pain misleading the surgeon. 

In this article we are dealing with the reverse 

process, and I wish to p^int out that thoracic 

signs of the type described above, following on 
or discovered after an operation, must not lead the 

surgeon to assume that he has made a wrong 

diagnosis and that the appendix was not the 

cause of the trouble, when only slight changes 
can be detected in the organ after its removal. 

Naturally, the increase in the thoracic signs for 
a day or two after the operation still further 

tends to confirm, his suspicions concerning the 
correctness of the diagnosis. 
The same sequence of intra-thoracic changes- 

follows in the other abdominal conditions 

I have mentioned above, and in fact in 

any condition which gives rise to unilateral 

pain, provided the pain is sufficiently intense to 

cause reflex rigidity of the abdominal muscles on 
that side, and so mechanically restrict the move- 
ments of the chest wall. 

Let us next take the second factor, viz., the 
intra-abdominal pressure : 

This is well illustrated in cases of abscess in 

the right lobe of the liver. 
We have in the early stages a diffuse enlarge- 

ment of the liver accompanied by a slight eleva- 
tion and a diminution in the range of movement 

of the right half of the diaphragm. There are 

also changes in the movements of the right chest 
wall and in the lung, of the type described above. 

As the abscess develops and enlarges, the 

elevation of the right half of the diaphragm in- 

creases and its range of respiratory movements 
diminishes until it ultimately comes to a stand- 

still at about the level of the third rib or space. 
At this stage the right lung shows slight 

dulness and a few moist sounds over the base and 
diminished breath sounds over practically the 
whole lung. 
To a large extent the above changes are pro- 

duced by the actual size of the liver, but the 
rigidity of the abdominal muscles, reflexly caused 
by the pain, is also a contributory cause. 
The changes in the position and movements 

of the diaphragm can be easily followed by simply 
screening the case, and in fact an X-ray examina- 
tion is of the utmost importance in determining 
the size and position of the liver abscess, apart 
from the information gained by observing the 
behaviour of the diaphragm. 
The elevation of the diaphragm cannot be 

entirely due to the mechanical increase of 

pressure below, because, if that were so, then the 

diaphragm ought to get more and more tense as 
the size of the liver increases. But this is not 

the case. In fact the right half of the diaphragm 
is relaxed. So there must be a reflex inhibition 
of the tonus of this half, and this accounts for 
the fact that the elevation terminates abruptly 
near the middle line, the left half retaining 
practically its normal level, even when the right 
is raised 4 to 5 inches. 

This relaxation also explains the unilateral 
elevation and diminution in the range of move- 

ment in such conditions as appendicitis, incisions 



Jul*. 1910.] PROSTATIC CALCULI: SPITTEL. 255 

and other unilateral abdominal lesions where the 

increase of pressure is very slight. 
Another phenomenon, which I could not 

account for in the first few cases of liver abscess 

I operated on, becomes easier to understand in 

view of the existence of the above changes. 
It was observed that in large liver abscesses 

operated on transthoracically, after resecting a 

piece of rib and opening the pleural cavity, no 
inrush of air took place in those cases where no 
adhesions existed between the parietal and 

diaphragmatic layers. This could only be ex- 

plained by assuming that the lung does not 

collapse when air is admitted into the pleural 
cavity, or else, that the lung had already collapsed 
before the operation. 

As a matter of fact, we know that immobilisa- 
tion of one side of the chest for a few days tends 
to produce gradual collapse of the lung, and in 

fact, I found the lung well retracted beyond 
the reach of my finger in all cases of large liver 
abscesses of some days' duration, and the resec- 
tion of the rib and the opening of the pleural 
cavity could produce little or no immediate 

effect on the already retracted and collapsed 
lung. 

Moreover the recovery of the lung in these 

cases, although the pleural cavity is completely 
shut off by adhesions in the first day or two 
after the operation, takes several weeks before 

it is complete, whereas the healthy lung acci- 

dentally allowed to collapse in a case in which 

a piece of rib was used for grafting purposes, took 

only 48 hours before expanding to the full extent 
of the pleural cavity. This is naturally to be 
expected, as a lung which slowly collapses adapts 
itself to its diminishing size and undergoes 
definite structural changes, whereas a sudden 

collapse of a healthy lung leaves the organ in 
the best condition for a rapid resumption of its 

original size and shape, as soon as the pleural 
cavity is rendered air-tight. 

So we see that the pain accompanying a 
unilateral abdominal lesion reflexly produces an 

increased tonus in the abdominal muscles of that 
side and this mechanically restricts the respira- 
tory movements of the chest wall. There is also 
a restriction of the movements of the corre- 

sponding half of the diaphragm and a diminution 
in its tonus allowing it to be easily elevated if 

any increase in the intra-abdominal pressure 
should co-exist. In fact, the increased pressure 
produced by the increased rigidity of the 
abdominal muscles is sufficient to produce detect- 
able elevation, in a case of appendicitis for 

example. 
This unilateral diminution in the activity of 

the chest wall and diaphragm, if progressive, 
causes changes in the lung, leading ultimately 
to complete collapse, if the thoracic and diaphrag- 
matic movements are brought to a standstill. 

Physiologically the anterior and lateral abdo- 

minal muscles are antagonistic in their action 

to the diaphragm, and we know that an increase 

in the tonus of a particular group of muscles 

produces a corresponding inhibition of the tonus 

of the antagonistic group. 
The behaviour of the diaphragm in the con- 

ditions I have described above is only what, 
after all, one has a right to expect. 

In bilateral abdominal conditions, such as 

ascites, uterine fibroids, cystic swellings, etc., two 
main facts have to be kept in mind in estimat- 

ing the effects they are likely to produce on 

the respiratory organs, viz.? 
(1) that most of these bilateral conditions 

are not accompanied by any marked degree of 

pain, and so the influence of a reflexly increased 
tonus in the abdominal muscles does not come 

into operation ; 

(2) that bilateral changes in the lungs of the 

type described above prove fatal long before 

complete collapse of both lungs has occurred. 
In conclusion, I wish to thank Lieutenant- 

Colonel Brian Watts, D.S.O., for permission to 

publish this article. 


