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ELEVATION OF THE DIAPHRAGM.

UNILATERAL PHIENIC PARALYSIS.

-

J. M. WOODBURN MORISON, M.B.

My thesis is mainly a radiological study of Elevation
of the diaphragm with some observations on the differential
diagnosis. I have added to the title that of Unilateral
phrenic paralysis for two reaeons; firstly, 1 hope to
show during the course of this peper that certain formms
of congenital elevation of the diaphragm are probadbly due
to a unilateral phrgnic raralysis, and secondly, to present
for consideration a number of cases in which paralysis of
one or other leaflet of the diaphrasm was oasused dy a
definite pathological lesion involving the phrohio nerve
in its passage through the thorax.

Elevation of the disphragm may be permanent or

temporary, and permanent elevations may be cemgenital or
acquired. |

Under the heading Permanent elevation of the diaphragm
we may place Petit's "eventratio dlaphragmatica™ and also

those cases which I shall describe later of unilateral

phrenic paralysis.

1.



It is usual in writing of elevation of the diaphragm
to begin by stating that "Petit in 1790 described a diffuse
relaxation of the diaphragm" or again "Eventration of the
diaphragm has been known ever since J. L. Petit reported
and named a case in 1790." Many of the writers on this
subject have done so. This is unfortunate because
Jean Louis Petit died in April 1760 at the age of 86
years., Hie writings were collected and published by
Lesne, his pupil, in éé;%{,/“7xo * 1790.

J. L, Petit, one of the most brilliant PFrench
surgeons of the 18th. century, was the first to clearly
differentiate the condition known as Bventratio Diaphrag-
matica from the usual Diaphragmatic Hernia.

In his writings ne states that he has seen two
diaphragmatic herniae and that other cases had been seen
by several of nis colleagues. He recognised that con-
genital defects occurred in the diaphragm and noted the
absence of a hernial sac in the first case he recorded.
| He alzo commented on the faoct that both the hernias of
the diasphragm which ne had seen were on the left side.
His confreres told him that all those which they had
gseen were likewise on the left side. This led him to

suggest that the convex surface of the liver protects

the right side of the diaphragm.
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The two cases which he described were in adult males,
and cliniecally of long standing.

The first case was one of true diaphragmatic hernia
in which, at the post mortem, & great part of the stomach,
8 vortion of the colon and part of the omentum had passed
through a defect in the dorsal part of the left diaphragm
into the thorax. There was no hernial sac and there
were no adhesions,

The second case was also on the left side, and Petit
stategthat he considered it to bea congenital abnormality.
At the post mortem, on opening the chest he found a tumour,
the size of "a small gourd”, formed by a portion of the
stomach, colon and omentum, and enclosed in a hernial =ac
which was formed by peritoneum, diaphragm and pleura.

A "thick lymph" of recent origin had ocsmzed adhesions to
the lower lobe of the lung, and the contents were similar-
1y held together, so that when removed from the sac they
kept the shape of the whole tumour.

The death of this patient was attributed to "Inflam-
mation of the Abdomen™,

It 1s thus seen that Petit clearly recognised that
his second oase was of a different type from the usual
diaphragmatic hernia, and to it he gaveﬁ?pe ?ame "Rvent-
ratio Disphrsgmatica”. Since his time 30 ocases have

been recorded. In the early days it was a pathological

S



description, but since the introduction of X-rays to the
study of medicine, and more especially of recent years
with the advance of radiology, 1t has become possible to

acourately observe and diagnose these cases during life.

4.



1 shall first describe 6 cases which I have classified
a8 Eventratio Diaphragmatioca. Group 1.

In group 2. I record a series of cases of Unilateral
Phrenic Paralysis which I think throw a good deal of
light on the aetiology of group 1.

Theywy follows a short note on Temporary Elevation
of the Diaphrsgm with illustrative cases. Group 3.

The differential diagnosis from cases of diaphragmatic
hernias - group 4. - and from other conditions such as
looalised hydro or pyopneumo thorax and subphrenic abscess
will also be considered. Group 5.

Finally 1 shall discuss the setiology and the litera-
ture and give my conoclusions. The Bibliography is
attached.

It will also be necessary to make some observations
on the anatomy and action of the normal diaphragm during

the course of this paper.

5.



Eventratio Diaphragmatica.

It is generally accepted that the te;m, Eventratio
Diaphragmatica, should be applied to those cases of con-
genital origin in which there is a diffuse relaxation of
one half of the diaphragm so that it extends high up into
the thorax forming a sac which contains a portion of the
stomach, and sometimes a part of the colon and mesentery.
All the cases recorded have been on the left side with the
exception of one by Eppinger in 1911.

In these cases physical examination may determine
varying and anomalous signs at the base of the left hemi-
thorax and also an alteration in the position of the
heart, but the radiological examination makes it possible
to interpret these signs and arrive at a correct disgnosis,

In the radiological examination the following points
require consideration:-

1. The bow line in the chest.

This 1s present in all cases as an unbroken line
extending across the left homithora;. Sometimes it is
slightly irregular on account of the colon lying alongside
the air sac of the stomach, a different precsure of gas
in the colon from that in the stomach accounting for the

slight irregularity. This bow line encloses an air

6.
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space at the bottom of which there is often seen the
sharply defined horizontal line of free fluid in the
atomach. The whole forme a dome in the chest and
presente a striking picture.

2. Contents of the dome.

The air sac of the stomach is always present and may
ococupy the whole of the dome. At times a portion of
the colon may be found lying alongside it.

Se Lung tissue seen through the dome.

In the cases which I have investigated I have noted
that lubg tissue was seen through the upper part of the
dome.

4, Movements of the bow line.

It is usually stated that no movements of the bow
line, (the relaxed, thinned out diaphragm) occur, or if
any movements were observed, that they were Synchrontus

with the nomal leaflet.

In all my cases I observed reversed movements, but in

one case only after adhesions to the lung nad been divided

and until they reformed.

5, Level of the stomach contents.

The level of the stomach contents is always the level

of the cardisc orifice.

6o Palpation of the abdomen.

Splashing and rippling on the surface of the fluid in
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the stomach is easily produced by palpation of the
abdomen.

7. The shape of the stomach.

Deformity of the stomach frequently occurs. It 1is
due to the ascent of the greater curvature of the stomach
under the elevated diaphragm, with rotatiom on more or
less fixed points. The stomach presente two sacs, the
upper spilling forwards into the lower. The rotation
may be so great that a volvulus is produced which may
require suxgiocal interference. In many of the cases
recorded there is a history of stomach trouble.

8. Displacement of the heart.

Part of the heart shadow is usually seen through the
air in the dome. The heart may be displaced to ths
right and in some of the cases reccrded this has evidently
been & marked feature.

9. Movements of the chest wall,

No difference in the movements of the two sides of
the chest were detected in the cases which came under my

observations.

8.
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Group 1. Rventratio diaphragmatioca.

Case 1.

In January 1920 a school girl A. O'B. aged 12 years, .
was brought to nospital having had a cold and cough for
two weeks.

The family history was unimportant and there was
nothing to suggest the condition found at the X-ray
examination.

The screen examination of the chest showed a complete
regular dome on the left side, extending as nigh as the
level of the 3rd. rib in front and enclosing an air space
through which in the upper part lung tissue was Seen.

At the bottom of this air space there was a sharply
defined horizontal line of fluid on which waves and ripples
were produced by palpation of the abdomen.

Ko definite movements of the bow line in the chest
woere observed during respiration, although on one cceasion
I though there was a slight reversed movement, an upward
movement during inspiration and s downward movement during
expiration, but I was not quite confident of this.

The dome of the right diaphragm was at the level of
the 10th. dorsal vertebra. Its movements were normal.

The heart was slightly displaced to the right.

9.
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There was an increased density of the root shadows
of both lungs.

On giving a bismuth meal the fgod was held up at the
cardiac opening of the oesophagus, the lower third of
which wae dilated, the obstruction was soon overcome and
the stomach was geen to fill in an irregular manner. The
cauge of this was apparent when the patient, who up to
this stage had been examined in the postero-anterior
position, was placed in the right anterior oblique position
There were two sacs, the shadows overlapping in the
postero-anterior position. .The upper sac, when filled,
epilled in a forward direction into the lower.

The pyloric end of the stomach was directed backwards
and was not well formed.

There wag8 no delay in emptying.

In the lying down position the bismuth meal passed
up to the top of the bow line in the chest, displacing
the air and completely filling the dome which wae not
altered in position.

Nothing abnormal was detected in the small intesti ne.

The colon wae well outlined and the splenic flexure
was found to rise alongside the air cap of the stomach to
the top of the bow line in the chest, dut not beyond it.
At other times the whole of the dome in the chest was filled

10.
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by tke air cep of the stomach.

4 Barium enema confirmed these observations on the
color which was otherwise normal.

™hie was evidently a case of Petit's Eventratio
Diaphragmatica.

Mr. John Morley, P.R.C.S., operated by the thoraecio
route, and from his notes I have extracted the following:-
"The fundus of the stomach was seen pro jecting up
into the thorax far above the level of the imcision.

It was at once apparent that a tranSparent layer of
thinned out diaphragm formed a covering for the
elevated abdominal visceras and separated them com-
pletely from the true pleural ocavity. To the »
highest point of this thin translucent diaphragm the
bagse of the left lung was firmly adherent. These
adhesions were fibrous and vasoular, and were readily
divided. The diaphragmatic sac was now incised.

On opening it the splenic flexure of the colon and
left extremity of the great omentum and the greater
ocourvature of the stomach were presented. These
were quite free from adhesions. The upber pole of
the spleen 8lso came into view. The whole diaphragm
was merely represented by a thin sheet consisting of

pleura above and peritoneum below with some rather

11.
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dense fibrous tissue between. A partial excision
of this diaphragmatic sac was determined upon with
the object of bringing down its level as near to the
normal as possible and so reducing the distortion of

the stomach and allowing more expansion of the lungs.'’

Convalescence was unevemtful and rapid.

Four weeks after the operation I made another X-ray
examination of this case.

The lung was fully expanded, the bow line in the
chest wae not so high, its movements were quite free but
reversed, and the stomach presemted & more normal appear-
ance, the exaggerated cup andlspill formation having
disappeared. Subsequent examinations showed that the
movements of the bow line became less and less free,
finally no movements were observed, adhesions having
evidently re-foamed.

Mioroscopical sections of the plece of diaphragm
removed showed normal endothelium on the pleural arad
peritoneal surfaces and between these, dense fibrous tissue
with no sign of muscle fibres. No nerve fibres could
be made out in sections that were specially stained to
show them.

Three years later I took the opportunity of again

examining this case - January 1923. The condition was

12.



found to be much the same as at the last examination.
She suffere no inconvenience and 1s engaged in house

work.

Case 2.

The second case was a man, B,K, aged 54, who was
operated on for pyloric obstruection. At the operation
it was found that the left half of the diaphragm extended
high up into the chest, and that the obstruction was due
to a torsion of the stomach. This was relieved. I
had the opportunity of X-raying this man some monthe
later: The screen examination showed the bow line of
the elevated left diaphragm rising up into the chest, the
line was continuous across the left hemithorax, but not
perfectly regular, as both the air sac of the stomach
and the splenic flexure could be disti nguished, the
different degrees of pressure in the two causing a slight
irregularity. Some lung tissue could be seen through
the upper part of the dome. The horizontal line of
fluid in the stomach was observed, but this extended only
part of the way across the left chest. Full, free
revereed movements of the disphragm were noted. Palpa-
tion of the abdomen produced waves along the line of
fluid. On giving a Bismuth meal the stomach was seen

to be of the "cup and spill" type. There was no delay

13.



ovdJ

/L'<fA

Jjfof&tAzrn
kr/t MA8tayfaf <36z4iAAz nz



in emptying. In the lying down position bismuth food
filled up the space under the bow line in the chest
occupied by the air sae, and during subsequent examinations
the splenic flexure was seen outlined by bismuth. This

wag evidently a true case of eventration of the diaphragm
in which there were no symptoms unti] the onset of a
ryloric obstruction due to an increased rotation csmsing

a volvulus. At the present time this man is in good

health and suffers no discomfort.

The third case was a married woman.

Case 2. Mrs. M. H. aged 48 years,

This case was sent for X-ray examination of the
chest. It was noted that the cardiac dulness was
displaced to the right, this being the only definite
pPhysical sign. She complained of indigestion extend-
ing over a period of three years with eeemsbeswwl sickness
and vomi ting. There was no acute pain but often a
feeling of discomfort after food.

The X-ray examination showed a regular and typical
dome shaped elevation of the left diaphragm through which
some lung tissue oould be seen in the upper part. It
rogse to the level of the 3rd. rib in front. The horizont-
al line of free fluid in the stomach was present, and the

whole of the space beneath the dome at the first examinatio.
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was occupied by the air sac of the stomach. At other
times the splenic flexure was seeﬁ to be rising up along-
gide the stomach under the dome, but it was not always
present. There were complete and free reversed move-
ments of the left half of the diaphragm.

On giving a Bismuth meal the usual deformity of the
stomach was found although it was not so marked in this
case a8 1n some of the others.

She s8till suffers from indigestion and evidently
from an intermittent obstruction due to drag on the

pylorue from mechanical causes.

Case 4. H. B. Aged 41 years.

Thie man wag sent to see me in December 1922. For

the past 20 yeafs he had suffered from indigestion. The
attacks were intermittent, gradually becoming worse.
Dr. Piddian, of Ashton-under-Lyne, his medical attendant
states "He had, on December 15th., an aocute attack of
epigastric pain with vomiting. I had great difficulty
in getting the bowels moved and the stool finally was
green and offensive. He has been well purged sinecse,
starved for 48 hours and then fed carefully bdbut his pain
does not wholly disappear, it comes on two hours or &o
after food and wakes him up in the night."

A bismuth meal was given and a screen examination

revealed a condition similar to those ocases already

18.
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descoribed. The left leaflet of the diaphragm was
raised and its movements reversed. It presented an
unbroken line stretching across the left hemithorax.
Through the dome lung tissue was 8een and it was noted
that sometimes the colon rose up alongside the sair ecap
0of the stomach under the dome. Once again the typiecal

deformity of the stomach was present.

Case 5. S.X. Aged 39 years. A stone quarry man.

He had suffered from stomach symptoms during the
past 5 years., They were of an intermittent charaoter.
He had pains 2 to 4 hours atter food which were relieved
by taking more food. He often suffered from sickness
and retching but never vomitead. In writing to me, Dr.
Lynch of Hayfiéld says, "About three months ago I was.cealled
to see him during the night. He was suffering abutely,
the upper half of his abdomen was very temder. The
pain came on very suddenly and steadily grew worse. The
clinical picture was suggestive of perforation. As the
attack ocourred during the nignt I gave him s hypodermioe
of morphia and was quite surprised when I saw him early
next morning to find him perfectly wellv,

Here again 1 found the characteristic picture already

described, the left diaphragm elevated, etc.

16.
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Cage 6,

The elxth and last case which I have seen came to
the Manchester Royal Infirmary in January of this year -
1923, J. B. a labourer, aged 51 years. He stated
that he was perfectly well until sbout a montn ago when
he developed a bad cold. Suddenly he was seized by a
rain in the stomach, was sick but could not vomit. Since
then he has had difficulty in swallowing solid food but
no difficulty with liquids. A bismuth meal was taken
without muoh trouble, and it was noted that there was
some delay at the cardiaec orifice of the stomach, the
unbroken bow line of an elevated left diaphragm was seen
extending well up into the chest. Its movements were
reversed, the typical deformity of the stomach and all
the other radiographic features common to these ocases
were noted.

It 18 probable that these cases are much more common
than is usually supposed and the individual may go through
life without suffering much discomfort.

Moat of the cases recorded have been in adults.

Prequently the displacement of the heart to the right
found in the course of the olinical examination is the
reason for the patient being sent to the radiologist for
further investigation, but more often it is the presence

of indefinite gastric symptoms.

+6. | 1
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T™e question of displacement of the hegrt to
the right of Eventration of the Diaphragm, large dia-
rhragmatic hernias and in extensive pleural effusions is
of interest to the cliclan. Dr. R. J. M. Buchanan,
Physician to the Royal Infirmary, Liverpool, recently
ghowed at the post mortem examination of a case of exten-
sive diaphragmatic hernis, that the apparent displacement
of the heart to the right was in reality a rotation.

This is also well seen in the radiograms of cases 19 which
large pleural effusions have been replaced by -iiz:;;;u
This leads me to suggest that in Eventration of the
Diaphragm the apparent displacement of the heart is also
a rotation.

Another question of interest is the movements of the
chest walls. In the cases I have recorded, neither
clinically nor under X-ray examination could any differ-
ence in the movements of the ribs on the two sides be
detected. This observation also applies to those cases
of Unilateral Phrenioc Paralysis which are described in
group 2.

Moreover I have noted that the upward and outward
movements of the lower ribs tend to flattem s completely
paralysed diaphragm in which reversed movements are

taking place.

1%.
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It ie diffioult to reconcile these observations with
the statements in the text books of anatomy, where we are
taught that one of the principal actions of the diaphragm

is to raise the six lower ribs in the act of inspiration.

1§.



Unilateral Phrenic Paralysis,

It is stated in Oppenheim's text book of Nervous
Diseases 1911. Vol. 1. p. 423, that "paralysis of the
nerve is not common", and that & unilateral phrenic
paralysis is difficult to recognise as the functional
disorder is very slight . It can usually be detected
by careful examination. Absence of the so-cslled
"diaphragmatic sign" (Litten) i.e. the visible movements
of the diaphragm accompanying inspiration and expiration,
may be of assistance in diagnosing a unilateral or bi-
lateral phrenic paralysis".

I think it will now be generally admitted that
unilateral bhrenic paralysis is not uncommon. It is
& condition which can be definitely diasgnosed radiologic-
ally. Within the last two years I have 8een 9 cases,
and in two of these cases 1 was able to confirm the
diagnosis post mortem.

In two of the cases the right phrenic nerve was
involved, and in seven of them it wﬁs the left. Three
of the cases occurred in secondary carcinoma of the
mediastinum. One of these cases was secondary to
carcinoma of the stomach and the other two were secondary

to carcinoma of the breast.

ao.



Of the remaining cases three were associated with
pulmonary tuberculosis, two with growthszé the chest and
one with aneurysm of the aorta.

In all these cases the diaphragm movements on the
gfreoted 8i1de were reversed, and some of them presented
the typical picture described under the heading "Event-
ratio Diaphragmatican. Others were complicated by
the involvement of the lung in the disesse, but my diag-
nosis of paralysis rested on (1) The elevated disphragm
which presented an unbroken bow line in the chest, (2)
The presence of reversed movements.

I was able to obtain post mortem examinations in two
of the cases. In one case the phrenic nerve was involved
in 8 cancer nodule as it crossed the root of the left
lung, a section of the nerve below this area showed com-
plete degeneration, whilst a section of the disphragm
showed degeneration of the muscle fibres, but the changes
in the musecle of the diaphragm were not so advanced as
one would have expected.

In the second post mortem the phrenic nerve was
involved close to the diaphragm, and ag8in degeneration
of the muscle was not so extensive as one would expeoct.

This suggests some auxilliary innervation of the
diaphragm, and in the dissecting room, branches of the

20, 2/



intercostal nerves can be traced into the diaphrsgm
muscle.
% "It i1s sometimes said to receive fibres from the

lower thoracic nerves”™,

% Cunningham's Text Book of Anatomy. 4th. Edition.
P.474.

29.
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Unilateral Phrenic Paralysis.

Group. 2.

Case 1. W.S., Male. Aged 58.

T™is man was suffering from bronchitis amd pulmonary
tuberculosis. At the X-ray examination I noted very
defini te reversed movemente of the left diaphragm, and on
the strength of the reverse movements, I was able to make
a definite diagnosis of paralysie of the left diaphragm
due to involvement of the phrenie nerve.

Post mortem, it was found that the left phrenic
nerve was involved in a mass of fibrous t:issue through-
out a distance of 2% inches. There was atrophy of the
musele of the diaphragm on the affected side.

Case 2. H, L. Msle. 4ged 50.

In this case there was a definite intra thorscic
growth, with complete recurrent laryngeal nerve palsy.
The ecreen examination showed a moderate degree of eleva-
tion of the left diaphragm, with complete reversed move-
ments; 1t conformed in all respects with the radiological

signs described under eventration of the diaphragm.

-85 23.



£tt4t 3

/1.

"T’tW -e

V4



Case 3. A.S. PFemale. Aged 52.

™is was a case of secondary carcinoma of the medias-
tinal glands, 10 months after a radical operation for can-
cer of the breast. The screen examination showed marked
enlargement of glands in the posterior mediastinum and
infiltration of a portion of the lower lobe of the left
léng, just above the diaphragm. The diaphragm was
only slightly raised, and ite movements were limited -

they were very definitely reversed.

case 4. C.P, Male. Aged 54.

A case of intra thoracic growth, causing paralysis
of the right phrenic nerve with reversed movements of the
right diaphragm. The right diaphragm was slightly

elevated, but not markedly so, except on deep inspiration.

Case 5. Mrs. B. Female. Aged 45.

A oase of secondary mediastinal carcinoma, three
years after removal of the left breast. The left
diaphragm was elevated, giving the typical bow line in
the chest - its movements were reversed, and all the

eigns present described under eventration.

Case 6. B. 0., Male. Aged 47.

A case of tuberculosis of the rignt root and upper

2%, 2 4.
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lobe in which there was paralysis of the right diaphragm

with typieal reversed movements.

A typical case of carcinoma of the stomach in which
there was secondary involvement of the mediastinal glands,
and invasion of the bage of the left lung. The left
diaphragm was paralysed, 1ts movements being reversed.
There was very little elevation on account of the con-
solidated lung tissue. Post mortem, the phrenic nerve
was8 found to be involved in a nodule of cancer just below
the root of the left lung. Histologieal preparations
of tne nerve showed complete degenmeration, and sections
of the diapnragm of the affected side showed marked
degeneration of muscle fidbre, though not 8o marked as
one would have expected from the condition of the nerve,
th¥s suggesting that there is some additional innervation
of the diapnragm, presumably from the lower thoracic

nervee,

24.
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Case 8. A. G. Male. Aged 59.

dneurysm of the Aorta.

Clinically all the physical signs of aneurysm of the
arch of the aorta were present in this case, and the X-ray
examination confirmed the diagnosis. To the left of the

aortic arch a shadow could be seen with an irregular edge

spreasding downwards to the root of the left lung. The
left diaphragm was elevated and the movements reversed.
In this case there was evidently paralysis of the

left phrenic nerve associated with aneurysm.

Case 9. V.S, Male. _Aged 52.

There was extensive tuberculosis of the left lung,
and to a lesser extent of the right. The left disphragm
wag elevated and partially fixed. Very slight reversed

movements were observed.

26.
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I was able recently to observe the aotion of the
diaphragm in a ocase in whioch the left leaflet had been
injured. The patient was a men, aged 3l. During
the war, in 1916, he was wounded by an exploasive bullet
which tore its way through the left side of the abdomen
and cheat. Tho lower ribs were cut through and portions
miesing. This resulted in a hernia of the splenic
flexure of the colon through the chest wall on the left
glde. He wears an sluminium pad, suffers little inoon-
venience and is in full work as & manual labourer.

Or screen examination the movements of tth{:atlot
of the dlaphragm were restricted dut the ohest wall was
moving quite well and the point of speoisl interest was
that during ingpiration, when the diaphragm descended,
the hernia ocould be seen returning to the abdomen and
during expiration when the diaphfagm asoended the hernia:
protruded beyond the ribs. I can only sttribute this
t0 a8 defoective diaphragm movement, whilst the movements
of the ribse during inépiration and expiration were normel.
I think the principal action of the diafhragn is to in-
orease, by its ocontraction, the vertical diameter of the
thorax, and certainly the vertebral portion of the
diaphregm arising from the arocuate ligaments and the

bodies of the lumbar vertebrae can only have this effect.

2 7.
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It should be remembered that the oentral tendon oan be
seen to wove slightly downwards dnfing;ﬁféoreen,exaunna.
tion of the chest. The downward thrust of the diaphragm
on the right side depresses the liver etc., but on the
loft side the air cap of the stomach acts a8 a buffer
taking up the foroce of the diaphragm movement. The
stomach during en X-ray examination oan be seen to alter
in shape with the action of. respiration. During inspirs.
tion it becomes shorter snd broader, but the lowest part |
of the greater curvature does not alter in position.
This holds good in whatever position the body is placed,
although the air in the stomsch may not be immediately
under the diaphragm. In some of the lower animsals,
6.8+ the dog, oat, rabbit, the air sac does not lie
immed iately under the diaphragm dbut it can be seen to
take up the thrust of the diaphragm by its elasticity.
The air in the stomach i8 composed of atmospherio air
swallowed in taking food. All this, of course, refers
only to the normal.

Thus the radiologiocal atudy of the diaphragm tends
to throw some doubt on the tesching in the text books of
anatomy, that one of the principal actions of ihe
diaphragm 18 to raise the six lower ribs in the act of
inspiration.

In considering the cases of Unilateral Phrenic

28



Paralysis (Group 2) the mamy points of resemblance to
Potit's eventration (group 1) are apparent, e.g. the
elevation of the diaphragm presenting an unbroken bow
line in the ochest, the presence of reversed movements,
and in some cases, the deformity of the stomach etoc.

The thought naturally arose, Could some of the
ocages 0f eventration be due to an 1n;nry to the phrenio
nerve at birth just as the brachial plexus is sometimes
injured? We are all familiar with birth palsies.
I heve looked for'suoh'oaaea. but unsuoccessfully.
Turning to the literature of the subject, however, I
found an excellent account by Weigert, of an injury to
the left phrenic nerve at birth with psralysis of the
left leaflet of the diaphragm.

I shall return to this subject in diacuvesing the
question of asetiology.

219.



Temporary HZlevation of the Diaphragm.

This frequently ocours and is caused by gaseous
distension of the air sao of the stomach.

In children it 18 quite common to see the left
diaphragm raised well up into the thorax and to find on
the following day that it is quite normsl in position.

In adults it is often present in pathological ocon-
ditions of the stomach « perticularly in ocarcinoms. It
i8 usually associated with the "goup and spill" type of s
stomach.

In all csses of temporary slevation which I have
observed, the movements of the elevated 4 iaphragm have
been aynohronous with those of the other half, never

reversed. In other words there has been no pasralysis.
GROUP _ 3.

Case 1.
A case 0of Temporary elevation in a child of 5 years
of age. On the following day it was quite normal.
All the usual radiological signs of eloiatlon were
present but the movements of the bow line were synchronous

with those of the other half of the diaphragm.

Case 22 H.P. Male, Aged 60.

A case of carcinome of the pyloric end of the stomach.

JO.
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The left diaphragm was elavated but the movements were
regular and in unison with those of the right.  The

stomach was of the casoade type.

ca‘o 3. ReDo m‘. Aﬁod 30,

The left diaphragm was elevated but great distention
of the air sac 0f the stomach was present. The stomach
was deformed but no definite pathological lesion was
detsoted. There was no paralysis of the diaphragnm,

the movements of the two leaflets were synchronous.

5/
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Differential Dispgnoeis.

The differentisl diagnosis of Petit's eventration
and unilateral ph:enio paralysis from other diaphragmatio
oonditions has now to be considered. They have to be
differentiated from

1. Diaphragmatio hernia - congenital or acquired.

2. Localised hydro or pyo-pneumothorax.

de Sub-phrenic absoess.

o PRI R

4, Temporsry elevation of the 4 laphragm. :

Diaphragmatic hernis msy be congenital or acquired, :
and the congenital defects in the diaphragm were thoronghl)y
investigated by Sir Artbur Keith and recorded in the
British Hgdical Journal Ocotober 29th, 1910. If his
- diagram {8 teken in conjunction with another diagram by
Bromen, representing the development of the dlaphragm,
it 18 at onoe seen how these cases ooour. 30 far I
heve not had the opportuniity of observing this type of ;
case, I understand, however, that they are not
unoo mmon . Dr. Campbell Suttie of the Royal Hospital
for Sick Children, Glasgow, in writing to me atates that |
this {8 his opinion. He has seen 3 cases within two %
years.

A ooggenitel weakness however, msy exist during life,

inviting @ hernia, and in one oase which I record a large

gL,



diaphragmatic hernie ococurred without any definite trauma.
(Group IV. OCase 1).

In disphragmatic hernia we place those cases in
whioch there is & prolespse of visoers into the pleursl
oavity through & gap in the diaphragnm. The X-Ray
examination shows on elevated irregular broken line ex-
tending aocross the hemi-thorax whioch can hardly be
mistaken for the diaphragm. Iang tissue may or may
not be seen through the air und ernesth this line: the
fluid contents msy reach high above the level of the
cardiac orifice, and rippling on the surfsce is essily
produced by palpation of the abdomen. If the hernis
be a amell one, &8 in case 2 (Group IV), the reversed
movemente of the hernisa during respiration are well seen,
but if the hernis be extensive, a8 in case 1, no move-
ments may take place.

The presence or absence of the colon has 8lso been
stresced a8 a disgnostic point. In eventration it may
be adbasent or present on different examinations of the
same patient. In hernia the same observation holds
good, although it is practically always present st
operat ion, dbut then the conditions have been sltered
by the opening of the abdomen or chest, the opening
in the dlaphragm appearing much larger than the X-Ray

examination would leed one to expeot.

JJ.



The examination of the stomaoh by means of a bismuth
moal is of the greatest importance and should rarely
fail to settle the disgnosis.

J4.
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Diaphragmatio Herniae.
looalised Hydro or pyopneumo thorax.
Sub-phreanic abascess.

GROUP 4.

Oal! lc Hels Male. A&Qg 26.

There was no history of any injury. The physioal
examination geve all the signs of & hydro-pneumothorax.
The sorean examination showed the dark line of fluid
extend ing right across the left cheast with & clear air
space ebove it - the air gpace extending to the height
of the 2nd. rid in front, the fluid to that of the 4th.
A portion of collapsed lung was noted through this oclear
sir spaoce. Mo lung tissue was seen apart from the
sollspsed hmg) There was no definite bow line
observed and no paradoxical respiratory movements.

Palpat ion of the abdomen produced ripples on the
surface of the fluid. The appesrances were gquite
oonsistent and, in faot typical of a hydro-pneumothorax.
At & later examination however, the splenic flexure was
seen rising up alongside the fluid to a height, if any.-
thing, slightly above 1it.

At operastion it was found that there was a large
rent in ths posterior wall of the diaphragm and that
practically the whole of the stomsch and a large portion

SF



of the o0olon were in the chest.

Qase 2. JdeSe Male, Aged 40.
This was & definite case of hernia of the left

leaflet of the dlaphragm, dus to & gunshot wound. The
l.ray examination showed an irregulsr line in the left
ohest, the inner portion of this irregular line being
diaphragm - the outer part stomsoh. The movementa
wore vory plainly eeen on the soreen and one could see
the inper half moving downwards while the outer hslf
moved upwardece. The bismath meal exsmination very
definitely established the diugnosis, for with the
patient in the lying down position ono was adble to run
the blamuth backwards and forwards through the opening
in the diaphragm and watoh the herniated portion of the
atomach filling and emptying. This waa done by tilt.
ing the table top during the examinetion.

The approximate sise and position of the tear in
the diephragm was ascertained, amd it is interesting to
note that the colon was not seen forming part of the
hernia during the X.kay examination.

At the operstion by Mr. i. H. Burgess, F.R.C.S.,
the abdomen was opened and {t was found that the outer
and poaterior pert of the diaphragm had bsen torn from
ite attaochments. Both stomaah and colon formed part

B,
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of the hernia.
The 4iaphragm was repsired and later on an Xl-ray

examination showed the result to be excellent.

Gaa! 3: T.8. Male,  Aged 30.

Hernis of the right diephrsgm, due to & gunshot
wound - Prance 1914, The right 4laphragm was fixed

dut the liver shadow waes sewn elevated - reversed mMove-

mantg.
9_9_:50 4 9__?10 ‘s’d 13, ’

Iocalised Hydro.pneumothorax. This case was
seen one year after operation for empyeme. The girl

was in excoellent health and doing 1light house work.
There was 8 localised hydro-pneumothorax present. The
line of fluid was sbove the level of the cardisc orifice
and eaoh heart beat prbduood waves along the surface of
the fluid,

The position of the dfiaphragm was easily sscertsined
by giving & sedlits powder.

Cage 5! Ga0e J’tﬂ_dr J,G!
Sub-phrenic Abscese. In this ceBe & gub.phrenie

sbsoses developed three weeks after operation for scute

appendicitia. The sppendix was retro -caecal and
gangrenons and &n absoess wes present which was drained.

Purther troudle Geveloped, however, and at the X-Ray
gy
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sxanination the right diaphragm was found ‘elevated and
fixed, with & olesr alr spaoe underneath, at the lower
border of which was a straight line of free fluid.
3plashing of the fIuid wageasily produced, and in the
lying 4own position the air wé. displaced, the fluid
running up into the chest to the level of the bow line.
The lower margin of the liver was pushed downwards.

A further operation was done snd s sub-phrenis
abgoess was found containing a lerge quantity of foul.

smelling pus.

Cage 6. Wede Mele. Aged 33.

sabuhqgétio Abscess. On 22.2,23. this man was

operated on at the Msnchester Roysl Infirmsry for an
socute appendix. A perforetsd appendix was found with
the presence of sn abscessa. He progressed quite
sutisfaoctory and was disoharged on 26.3.23., He was
re-admitted on 13.4.23. and the X.Hay examination

showed elevation of the right disphragm and liver.

There was no fluid detected and no sepsration of the
disphraga from the liver. Ko movemente of the elevated
diephragm and liver were detected.,

At the operation a large sub-hepatic absuess was
found and drained.

58,
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AETIOIOGY AND LITERATURE.

The usual statement found in the literature is that
the aetiology is still obsoure. Petit regarded the
oondi tion as deing of congenital origin.

Moat of the cases recorded have bdeen in adults, bdut
there is one case of an autopsy of a foetus in which
eventration of the left Aiaphragm was tound. Another
autopsy of a8 new dorn infant revealed a similar condi tion.
These were the cases of Pyl and Meckel, and were quoted
by iaacher.

Stein records a typical eventration of the left
diaphragm in a new born ochild which lived 26 days.

In this ocase the left leaflet of the diaphragm was
& thin fibrous structure extending high up into the
thorax, with no musoular fidres.

Thoma laid great stress on the hypoplasia of the
left lung, it having been often noted at post mortem
examinations that the lower lobe of the left lung was
abnormally amall.. "Yhen the lung is too small the dia-
phragm rises to f£ill the space in the pleural ocavity,
dragging the intestinal contents with itn,

Doering put forward the theory of a ocongenital

39



deficiency of fha muscles of one side of the abdomen.

He points out the deficiency in the musoular tissue of the
affected leaflet of the diaphragm and the symmetrical oon-
dition of the thorax. The weak diaphragm faile to
expand the lung, and assumes the high position drsgging
the viscera with it. This theory is not supported dy
the post mortem examinations, as the condition of Ateleoctasis
has never been found. 1t ie interesting to note that
Thoma, in support of his theory that the lung is chiefly
at fault, cites the presence of musoular fidbres in the
diaphragm, whilst Doering oites pho deficiency of musocular
tiessue in the diaphragm as a reason in support of his

opinion.

Baot;o regarded it as developmental, whilat Vogel
thought there was a congenital predisposition with degen-
erative changes in the muscular fibres.

Motsfeldt thought it due to: 4

(1) Primary aplasia of the musoulature with
secondary atrophy and degenaration of
the phren ilc nerve.

(2) Primary aplasia and atrophy of the phrenio
nerve with secondary muscle degeneration.

(3) A ocombination of (1) and (2).

Tennant recorded quite a unique case of a man - aged 60 -

HO-



He found post niortn the anterior one-third of the left
leaflet of the diaphragm normal, but marked off behind
frqn the rest by a band extended from the 10th. costal
cartilage to the central tendon - the posterior two-thirds
of the vanlt was lax, flabby and pushed up towards the
neck in the form of a large pouch which contained a large
empty 8tomach and.part of the transverse colon. The left
erus angl remainder of the diaphragm were normasl, as were
aleso the lungs and heart. The left phrenic nerve was
examined microscopically, dut the section did not show any
abnormality. There was nothing to support the view that
it wae ocamsed by any morbid condition of the lungs or
pleura. The chest was not contracted. He regarded it
ag "jp cage of congenital importoot differentiation of the
diaphragm".

Lawrence, in 1852 reported a case with the post mortem
findings in the Lancet and this same case is again reported
in the Lancet by Marsh in 1867. It was a typiocal ocase of
eventration found post mortem in a man sged 33 years who
had died of pneumonias.  "The left half of the diaphragm
was arched up to the 3rd. intercostal spabo. and the
stomach, whioch was extremely large, wae pushed up so high
a8 to bde nearly ooncealed by the ridsn, The right side
of the diaphragm was normal. The left leaflet was a

Al



grey fidrous tfanaluoont satructure with "very fine short
striae of muscular fidbres extending from the inner surfaoce
of the ribs and ligmmenta arcuata for the distance of 6 - 8
lines". Marsh states further the "Mr. Paget thought the
defect a congenital one” and that "there appeared, notwith-_
standing thisdefect, to be sufficient respiratory power.
The patient breathed very forcibly in his dyspnoea,and in
auscultating him the movements of the chest appeared just
a8 in an ordinary doudble pneumonia. The left side of
the cheet certainly moved freely, and the patient often
lay on the right sidev.

Sailor and Rhein described a case of a farmer aged
20 years in which post mortem a skiasgram was taken whioh
showed an‘eventration of the left disphragm. The pointe
of note in thies case were the displacement of the heart to
the right, the presence of muscular fibres in the left
leaflet and the congenital mdlformation and hypoplasia of
the lung.

Other cases similar to these which I have quoted have
been recorded by Thoma, Doering, Crispino@ Froriep,6 and
videnmann whose case wae also reported by Glaser. In
the ocase of widenmann and Glaser 1t is of interest to note
that the patient suffered from gastric sysptoms, and on

two oocasions haematemesis occurred.

H2.



Injuries fo the Fhrenic nerve may ocour at dbirth and
‘ recently weigert and Kofferath have rescorded ocases,
Weigert's oase was due to trauma during delivery.
The left diaphragm was elevated and all the radiologiocal
appearances of an eventration present. He observed this .
case until complete recovery toock place in the course of
about two months.
Kofferath describes "a case of right-sided Erdb paralysis
and paralysis of the phrenious following foroceps delivery".
The X-ray examination showed an abnormally high position
of the right half of the diaphragm. = . moved
in a tot.lly abnormsal manner; on inspiration it rose, and
descended on expiration. After four days respiration
became apparently quite nomal and a later examination

showed normal condi tions.

From the study of my own cases of Eventration and of
Unilateral phrenic paralysis, along with those recorded by
others, I would suggest that eventration may de &ue to two
causes,

(1) A developmental defect in the fomation of the

muscular tissue of the dlaphragm.
‘ﬂho diaphrsgm, according to Broman, is thus
derivedfrom four sources (Fig.198). (1) Ite

H 3



ventrb-porioardial portion from the septum
traneversum, ite lateral portions from (2) ﬁlouro-j
periocardial membranes plus (3) derivatives from |
the body wall, The dorsal portion is formed :
from (4) the dorsal mesentery. In addition to
theses the striated muscle of the dlaphragm, aceordﬁ
ing to Barden (1900) takes ite origin from a palr
of premuscle masses which in 9mm. embryos 1ie one

on 6eoh side opposite the 5th. cervic®d scegment.
Thie ig the level at which the phrenic nerve enters
the septum transversum. The exaot origin of

these muscle masses is in doudbt, bdut they probadlyt
ropreeentfﬁortiun of the cervical myotome of thie
region. The muecle masees mygrate caudally

with the septum transversum and develop chiefly

”

in the dorsal portion of the diaphragm.

Bmbryology.
Prentiss & Arey. 1920.

(2) An ipjury at dirth to the phrenmic nerve.
T™hat such injuries do oocour we have seen in the
cases recorded by veigert and Kofferath, and I
do not think it ie too much to suggest that these
may be the cause of eventrations which may persist
th roughout life.

HH,



Fig. 198.— Diagram showing the origin
of the diaphragm (after Broman). 1,
Septum transversum; 2, 3, derivatives of
mesentery; 4, 4, derivatives of pleuro-peri-
toneal membrane; 5, 5, parts derived from
the body wall; A, aorta; Oe, esophagus; VC,
inferior vena cava.

7T.
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Fig. 1.—Diagram to show the sites of diaphragmatic hernia, as
deduced from 31 museum specimens in London. The upper or
thoracic aspect of the diaphragm is represented.
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(1)

(4)

(5)

GONCIUSIONS.

Petit's Eventratio_diaphragmatioa and unilateral
phrenic paralyeis are not so uncommon as is
generally supposed, 'Radibgraphicaixy they

present many similar features.

There is evicence, in a study of the céses
presented, and in the literature, that
eventration may be due to;- (a) a.developemeﬁtal
cefect in thie muscular tissue of the diaphragnm.

(b) an injury to the phrenic nerve at birth,

At first it was a pathological study, it is now
poseible, with the advancement of raciology, to

observe and diagnose these cases during life,

Many of these cases have exhiibited gastric
Syﬁptoms, ancé I would draw gpecial attention to
the deformity of the stomach due to mechanical
causes which I have described. It gehould te
neted that this (efomity may become a

surgical condition,

The differential diagnosis, from the
radiological satndpoint, rests mainly on:-
a., the unbroken bow line extending high up
intc the thorax with its reversed movements,

unless adhesions have formed,

Hé



b, the level of the free fluid in the stomach
is that of the cardiac orifice,

¢. the Bismuth meal examination.

The radiographic study of the diaphragm does not
support the teaching of the text beoks of anatomy,
that one of its principnl functions it to elevate
the lower six ribs during inspiration, It rather
auggests that the diaphragm plays little or no
part in elevating the lower ribs, and that its
principal function is to increase the vertical

dlameter of the thorax by its ccontraction,

HE .
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