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RADIOLOGICAL delineation of soft-tissue structures
by gas in the areolar planes of the trunk is a well-
known incidental finding in cases of traumatic
surgical emphysema. The phenomenon was first
put to practical use by Carelli (Carelli, 192Ia and
b; Carelli and Sordelli, 1921) and by Rosenstein
(Rosenstein, I921) who independently reported
outlining the kidney by the insufflation of gas
through a needle puncture in the loin. Although
useful information is obtainable in this way, the
method did not gain general acceptance because of
the danger of fatal gas embolism following acci-
dental puncture of the kidney itself, a vascular
tumour, or one of the numerous veins (renal,
lumbar, vertebral, caval, etc.), adjacent to the peri-
nephric space. Deaths from these causes were, in
fact, reported. A further shortcoming is that
examination of both kidneys calls for bilateral
puncture. These disadvantages are principally
determined by the site of injection and it is evident
that they could be largely eliminated by intro-
ducing the gas through some other portal into an
avascular part of the deep areolar tissue and in-
ducing it subsequently to migrate to the target.
The first extensive and systematic study of the

diffusion of artificially introduced gas in the deep
areolar planes of the trunk in man was carried out
by Ciarla (I94ia and b). In a series of experi-
ments dating from 936, he injected both cadavers
and living subjects with varying quantities of air
or oxygen, which he introduced into the epidural
space by puncture either of the sacro-coccygeal
membrane or of the ligamenta flava in the lumbar,
dorsal, or cervical regions. By subsequent X-ray
examination of the living subjects and dissection
of the cadavers, he was able to show that the gas
diffused throughout the muscles of the loin, the
subserous areolar spaces of the abdomen and
pelvis, the mediastinum, and the neck. Gas also
entered the roots of the limbs and could travel as

far as the popliteal fossa, but it did not reach the
gut or the omentum although the mesenteries were
filled and the duodenum lifted off the posterior
abdominal wall by gas surrounding the pancreas.

Similar results were demonstrated in the dog
by Baccaglini (1948, a and b), using a lumbar
para-vertebral approach. Fluoroscopy showed
that the injected gas could be induced by changes
of posture to drift about the deep areolar planes as
though it were a collection of free bubbles in a
viscous fluid medium, passing from the retro-
peritoneal spaces to the mediastinum and neck and
outlining the contained structures. In this way,
he later evolved a technique for obtaining medi-
astinal pneumograms (Baccaglini, 1949, I950).

General interest in pneumography was re-
awakened after the description by Ruiz-Rivas
(I947, 1948), of the technique of peri-renal
pneumography by the pre-sacral route, which he
had evolved after first using the extra-dural
method (though evidently unaware of Ciarla's
earlier work). Descriptions of the pre-sacral
method were published in America in I950
(Ruiz-Rivas, 1950) and in Britain in 1951 (Black-
wood, i95I) and I953 (Tinckler, 1953). In the
ensuing decade, this form of investigation has
become widely used in Italy and South America
and favourable reports have also appeared in
France, Germany, Hungary, Russia and Switzer-
land. In America, a more cautious attitude has
been adopted, and Ransom, Landes and
McLelland (I956), who carried out a postal survey,
reported that opinion was sharply divided with
respect to the value and hazards of the investiga-
tion. The 1,267 urologists who replied to the
questionnaire reported 58 fatal and 64 non-fatal
gas emboli in the course of over II,ooo examina-
tions. Some of these resulted from the use of the
loin route, but pre-sacral insufflation was not
immune from occasional fatal consequences
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though it seemed to be a safer method. In
Britain, following Blackwood's paper, limited use
has been made of pre-sacral insufflation, parti-
cularly in the investigation of suprarenal tumours,
for which purpose there may sometimes be no
effective alternative. Recently, Davidson, Havard
and Bodley-Scott have reported the demonstration
of enlarged retroperitoneal lymph nodes by the
same method (Davidson, Havard and Bodley-
Scott, I959).
At the University of Padua, in the Radiological

Departments of the University Surgical Clinic and
Institute of Surgical Pathology (under the direction
of Prof. V. Pettinari), pre-sacral insufflation has
been in frequent use since 1949 and it has yielded
much useful information about the site, extent and
nature of a variety of conditions affecting the soft
structures of the pelvis, abdomen, mediastinum
and neck, much of which could not have been
obtained in other ways. The present communica-
tion is based upon a review carried out in the
autumn of 1959 of the records of the latter
Institute, together with a personal study of a
series of patients investigated there, and from
November, 1959, onwards, in the University
Surgical Clinic. In illustrating the applications of
the method, it is impossible to treat the subject in
an exhaustive manner and the examples shown
constitute only a sample selection. A fuller
account of the experience of the two departments
up to I953 has already been published in the form
of a monograph (Bonomini and Baccaglini, I953).
Method, Side Effects and Complications

Over I,ooo patients have now been investigated
in each institution without mortality and without
recognizable evidence of gas embolism. In view
of the fatalities reported elsewhere, it therefore
seems desirable to consider with some minuteness
the details of the technique adopted, as it is pre-
sumably the manner of introducing the gas which
determines the possibility of intravenous injection.
Apparatus
A stiff, curved needle with a short bevel and a

well-fitting obturator is used. Several sizes are
available from 7 cm. to II cm. in length. The
external diameter is i mm., the radius of curvature
is 1 cm. and the hub has a Record fitting with a
bayonet lock. In use this is connected to an
indifferent length of rubber tubing leading to one
of the ports of a three-way tap which forms the
nozzle of a 250 cc. calibrated glass syringe. The
second port of the tap is connected to an oxygen
cylinder, while the third port communicates
integrally with the barrel of the syringe. The
plunger is of metal and carries a thumb ring. The
cap, also of metal, has two finger rings to allow easy

one-handed operation. Formerly, the tubing
between syringe and needle was fitted with a
T-connection communicating with a water mano-
meter. This is an added safety measure, and
except in the hands of a very experienced operator,
it is better to include it.

Technique of Puncture
The patient is placed in the knee-elbow position.

In most cases, it is convenient to introduce the
needle at one or other side of the coccyx but if the
coccyx is short and forward flexion is slight, the
infra-coccygeal, post-anal route is equally suit-
able. Formerly, the operator's left index finger
was introduced into the patient's rectum, but this
has now been discontinued. Although giving an
indication of the position of the needle, this
practice carries at least the possibility of impaling
the rectal wall on the needle tip and so promoting
either portal venous gas embolism or interstitial
emphysema of the gut wall, with subsequent
necrosis and perforation. After introduction of
the needle, trial aspiration is performed with a
separate small syringe. The 250 cc. syringe is
then filled from the oxygen cylinder and the
needle connected to the appropriate tube.

Technique of Injection and Diffusion
Two principles govern the introduction of the

gas. Firstly, the rate of injection should be slow,
the pressure used never exceeding 30 cm. of
water: ordinarily it should be nearer to 20 cm.
(Bonomini and Baccaglini, 1953). The patient
should feel no pain; if this arises, it indicates too-
rapid injection. Secondly, the quantity of gas
injected should be sufficient to outline the structure
under investigation and should not exceed that
amount. Two syringe-fulls of oxygen (500 cc.)
are therefore injected slowly and the patient with
the needle still in situ is then placed in an appro-
priate position while the diffusion of the gas
towards its target is followed by fluoroscopy.
Further small quantities are injected as may seem
necessary and when adequate contrast is observed
in the desired region, the needle is withdrawn.
Success depends upon judging correctly how much
gas to use. With too little, the outlines do not
appear but with too much they become obscured
again and it is often profitable to study extensive
regions or organs (such as the renal fossae, sub-
phrenic spaces or liver) by examining a part at a
time, using a limited quantity of gas and inducing
it to drift from place to place by appropriate
changes of posture. In the interests both of
safety and satisfactory results, it can not be too
strongly emphasized that the principle of the
method is not to inflate the patient with a large
pre-determined volume of gas, but to outline
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selectively a chosen part by causing a modest but
sufficient quantity to diffuse towards it. The
target is then studied by plain films and tomo-
grams in both planes. Occasionally counter
contrast is added in the form of barium swallow,
intra-venous pyelography, aortography, or other
appropriate means.

Positioning of the Patient
Owing to the attachment of the retro-peritoneal

fascial planes about the great vessels, it is im-
possible to induce gas to pass from one side to the
other once it has risen above the pelvic brim. It is
therefore important to ensure that the position of
the patient is regulated in the early stages of the
insufflation in such a way as to direct the gas to the
locality in which it is desired. A semi-prone
position with slight head-up tilt directs the gas
towards the renal fossa of the uppermost side,
giving good visualization of the renal and adrenal
outlines. Increasing the head-up tilt until the
patient is almost vertical, while turning forward
from the prone position, brings the gas fully into
the upper abdomen where it outlines the lateral
border of the spleen on the left, or the lateral and
lower borders of the liver, and sometimes the gall
bladder, on the right. If a slightly head-up supine
position is maintained, the gas passes up the mid-
abdomen to surround the great vessels, pancreas,
pillars of the diaphragm and the medial aspects of
the spleen and liver. Aided by further head-up
tilt and a few deep inspirations, it then enters the
mediastinum where it can be directed mainly to the
anterior part by leaning the chest backwards, or
mainly to the posterior part by adopting the reverse
position. Ultimately, if the patient maintains
the erect posture, it reaches the neck where it may
be detected by palpation.
Complications and Side Effects: Precautions
Gas Embolism

This is the most feared complication. So long
as air or oxygen are used, it is wrong to pretend that
this danger can ever completely be eliminated,
since the same peril exists even with intracavitary
air injection (air urethroscopy, uterine insufflation)
in which there is no possibility of pricking a vein.
Nevertheless, the performance of over 2,000
examinations without incident suggests that with
proper technique, a fair degree of safety can be
attained, within the limits of tolerability for an
examination which will yield information not
otherwise obtainable, and comparable with that of
many other generally accepted diagnostic pro-
cedures which carry a small risk.

Besides the scrupulous observance of all the
points of technique described above, particularly
slow injection at low pressure, a number of other

safety precautions have been suggested. Blackwood
(195I) advised the use of a small (20 cc.) syringe
with repeated trial aspirations. In my own
experience, this is inconvenient and the repeated
manipulation of the syringe and three-way tap
usually displaces the needle somewhat during the
course of the injection. Zinsser (1954), and
Landes and Ransom (1957) suggest introducing a
fine polythene tube through a needle which is then
withdrawn. A polythene tube is much less likely
to penetrate a vein or to become dislodged and this
method makes insufflation in the erect posture very
convenient. It is important to carry out trial
aspiration before introducing the polythene tube as
well as after, as it is known that (using a needle),
air embolism can follow a bloody tap even if the
needle is withdrawn and re-introduced (Ransom,
Landes and McLelland, 1956). Presumably the
support of surrounding structures can hold open
the puncture in the vein wall, allowing air to enter.
Zinsser (I954) and Davidson et al. (1959), advised
the injection of 5 to io cc. of fluid (procaine or
normal saline) before insufflating. This starts off
the separation of the rectum from the sacrum in a
safe way and subsequently, with a finger in the
rectum it is possible to feel the entering gas
bubbling through the pool of fluid. A further
possible combination of refinements would be to
introduce a polythene catheter, followed, after trial
aspiration, by injection of a small quantity of non-
irritating contrast medium under fluoroscopic and
radiographic control. This would demonstrate
the position of the catheter tip, while the possi-
bility of intravenous injection would be revealed
by the appearance of a phlebogram which could
be easily recognized.

It has also been suggested that gas embolism
may occur during insufflation, even after a dry
puncture, as a result of tearing of veins as the gas
separates the tissue planes. This seems very
improbable however. Certainly, in cases of
slowly developing traumatic emphysema following
injuries to the respiratory tract, fatal air embolism
is not seen, even though the interstitial emphysema
may be great, and under considerable tension. In
those cases in which fatal embolism has occurred
during the later stages of a diagnostic insufflation,
it seems more likely that it has resulted from dis-
placement of the needle tip. Certainly, in the case
reported by Ransom et al. (1956), the needle had
actually been removed and re-introduced. The
claim of these authors that in two fatal cases, air
was demonstrated entering a torn vein at a distance
from the injection site, seems to be out of keepingwith everyday experience of the limitations of
autopsy technique.

It is usually considered that the injection of
oxygen carries less risk than the injection of air,
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but Ransom et al. (1956), concluded from their
survey that it was not so. The experiments of
Harkins and Harmon (I934), further bear this out.
Carelli (I92ia and b), recommended carbon
dioxide in preference to oxygen because of the
much shorter duration of the local discomfort
associated with its use and Landes and Ransom
(1957) strongly advise it on grounds of safety.
Besides claiming that it is 20 times more soluble
than oxygen,* they quote a considerable body of
clinical and experimental evidence showing it to
be relatively innocuous even when injected
directly into main vessels.

Davidson et al. (1959), who tried it, found it to be
unsatisfactory because of rapid absorption. Landes
and Ransom also encountered this difficulty but
were able to obtain satisfactory nephrograms by
introducing the gas in somewhat larger volumes
with the patient in the erect position. They also
advance convincing arguments for the belief that
the erect posture increases the safety of the method.
Other gases have also been proposed, including
nitrous oxide and helium but such proposals are
not based upon experiment. Helium, in fact is
notably insoluble.

Injection with the patient in the left lateral
position has also been recommended as a pre-
caution against fatal gas embolism. While there

* They do not say in what fluid or under what con-
ditions of temperature or pressure. The only relevant
consideration would be in relation to mixed venous
blood, since to avoid embolism the gas would have to
disappear during transit through the inferior vena cava
and right heart. In three specimens of mixed venous
blood kindly examined for me by Dr. J. S. Robinson,
of the Department of Anaesthesia, University of Liver-
pool, the following results were obtained:
Contents of gases in mixed venous blood in ml./loo ml.

of blood
Hb. of all specimens 98% or over

Ambient barometric pressure 758 mm. Hg.
Carbon
dioxide Oxygen

Freshly withdrawn ... 54.5 I8.5
After equilibration with 1oo% pure

gas .. .. .. 206.4 25.5
Potential capacity to absorb pure

gas .. .. . . I5. 9 7.0
NOTES

I. Landes and Ransom speak of ' solubility', though
other factors also contribute significantly to the uptake
of these gases.

2. The normal figure quoted for CO2 capacity of
whole blood (43 to 56 ml./ioo ml. blood) is, of course,
the CO2 content of blood in equilibrium with alveolar
air (Pco2 = 40 mm. Hg.), not pure gas.

3. At normal rates of cardiac output (and intake) of
4 1. per minute (= 66 ml./sec.), these figures would
indicate that, granted adequate mixing, approximately
o00 ml. CO2 could be absorbed per second, a figure far

exceeding any likely rate of introduction.
4. In fact, when the CO2 content reaches 206.4 ml./Ioo

ml., the blood pH is reduced to 6.64, a level likely to
prove fatal of itself.

is no doubt that assumption of this posture is a
valuable first-aid measure (it was thought to have
been life-saving in five of the non-fatal cases
reported by Ransom et al.), it is not completely
proof against massive embolism; indeed, two of the
fatal cases in that series died on the left side.

Sepsis
Accidental introduction of the needle into the

rectum has been reported, with consequent
ischio-rectal suppuration. With due care, such
mis-placement should be rare. It has occurred
once or twice in the present series but has not been
followed by detectable sepsis. In these cases, the
needle was withdrawn completely and the examina-
tion temporarily abandoned. After several days
without evidence of local or systemic disturbance,
insufflation was performed at a second sitting.
Hypotension
As the gas ascends through the retro-peritoneal

spaces, there is usually a fall of systolic blood
pressure of about 20 mm. Hg. This is symptom-
less unless the patient's normal systolic pressure is
below I o mm. of mercury. In such a case, it is
advisable to inject a pressor agent before the
examination. Other physiological and para-
physiological effects described include bradycardia,
elevation of venous pressure in the upper limbs,
delayed renal excretion of indigo-carmine, and
transient disappearance of symptoms in cases of
Buerger's disease. The tone and movements of
the gastro-intestinal tract seem to be unaffected, at
any rate in adults, though hypotonia of the small
gut has been reported in children.

Discomfort
Although pain should be completely absent

during the injection, patients are usually aware of
the approximate position of the gas, which gives
rise to a sensation of fullness. Sometimes, as it
enters the perinephric space, which it does in the
region of the hilum, there is a transient stab of pain
in the flank. A similar pain, also of short duration,
is sometimes felt when gas enters the extra-pleural
areolar tissues of the thoracic wall, which it often
does after outlining the right sub-phrenic spaces.
After examination of the mediastinum, gas ascend-
ing into the neck may infiltrate the larynx, causing
transient hoarseness, while pre-vertebral, retro-
pharyngeal gas may produce subjective dysphagia.
Apart from these discomforts, the examination is
remarkably free from unpleasant side-effects, and
is often carried out upon out-patients.

In summary, adherence to the main points in the
technique outlined above is known to combine good
contrast with tolerable safety. The important
points seem to be the slow introduction of modest
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amounts of gas at low pressure and preferably
under manometric control starting in the knee-
chest position and subsequently regulating the
diffusion of the gas by postural means, under
fluoroscopic control. The use of carbon dioxide
although attractive on grounds of safety has not
been shown to be satisfactory for examinations
other than nephrography and in view of the
difficulty encountered even here, might well prove
inadequate for outlining the structures of the
mediastinum.

Possibilities and Scope: Clinical Experiences
Because of the ease with which the gas may be

directed to any part of the deep areolar planes of
the trunk, it is possible to outline virttally every
structure in or adjacent to the pelvic and abdominal
parietes, mediastinum and neck, including there-
fore the kidneys, adrenals, pancreas, spleen, liver,
heart, great vessels, thymus, trachea, oesophagus
and any abnormal formations related to them.
When insufflation is combined with tomography in
the appropriate planes, these organs may be
demonstrated with remarkable clarity. In some
cases, alternative radiological methods are available
which insufflation is not likely to supplant (angio-
graphy, barium swallow, etc.), but even here, a
combination of both measures may prove ad-
vantageous on occasion, by reason of the indication
which insufflation can give of the state of the
surrounding areolar planes. Some of the possi-
bilities of the method are illustrated in the ac-
companying radiographs.
Determination of Attachment or Fixity

Conventional methods afford no ready way of
gauging the degree of attachment or fixity of
structures which normally are neither palpable nor
possessed of physiological mobility. Figures
1-3 show examples of the way in which pneumo-
graphy can provide evidence on this point.

Fig. i illustrates a very bulky tumour of the
right kidney. No gas has penetrated within the
capsule indicating extensive infiltration of that
structure, but the perinephric space fills on every
side, indicating the absence of fixation to neigh-
bouring structures. In spite of its size, the mass
was removed with ease.

Fig. 2a shows a cancer of the cardiac end ofthe
stomach outlined by barium. In Fig. 2b, gas is
seen to pass freely round the fundus of the stomach
and subphrenic regions and to enter the lower part
of the mediastinum. This tumour was free from
local spread and was resected without difficulty.
In Fig. 2c, on the other hand, a pneumogram of a
growth apparently similar in the barium meal, gas
fails completely to appear in the left hypochondrium
and at operation the growth was found to be fixed

by extensive local spread. At the present time, in
the surgical clinic of the University of Padua, all
patients with gastric cancers are investigated in
this way and those in whom it is impossible tz
induce gas to surround the tumour and enter the
mediastinum are not explored, unless the need for
a palliative procedure makes operation necessary.

Similar information is available in respect of
intra-thoracic lesions. Fig. 3a shows a large
spherical mass in the right lower pulmonary lobe.
The relation of this to the mediastinum is not clear.
Mediastinal pneumography, however (Fig. 3b),
shows that the mass is quite separate and that the
mediastinum is freely permeable by the gas. At
operation, the lesion proved to be an echinococcal
cyst.
The same principle applies in all parts of the

body; adherence of pelvic tumours to the bony
pelvis and local infiltration around the growths of
the aesophagus and pancreas have also been
demonstrated in the same way.
Delineation of Soft Structures otherwise Difficult
to Visualize
The attempt to outline a suprarenal suspected

to be the site of tumour formation is perhaps at
present the most usual occasion for pneumo-
graphy. The procedure is by now familiar enough
to require little further comment beyond stressing
the great value of performing tomography, by
means of which it is often possible to obtain sharp
outlines of both adrenals (though not usually on the
same film), even when the normal antero-posterior
pneumogram fails to show them. Pneumography
also offers a possible method of studying the gross
morphology of the glands in any other condition
thought to be associated with adrenal hyperplasia.
For example, there is now a considerable literature
implicating the adrenals in Buerger's disease, and
pneumography may show them to be hyperplastic
(Pettinari and Castiglioni, 1959).

Fig. 4a illustrates a right congenital hypoplastic
kidney and Fig. 4b its normal fellow, both outlined
by gas. The right nephrectomy specimen sub-
sequently obtained is seen in Fig. 4c. If the
hypoplastic kidney does not opacify on aortography
and technical difficulty prevents catheterization of
the ureter, pneumography may offer the only
means of distinguishing between hypoplasia and
true agenesis.

Figs. 5 to 8 show some less familiar pneumo-
graphic appearances. In Fig. 5a, a rounded mass
is seen adjacent to the aortic arch. After induc-
tion of pneumomediastinum (Fig. 5b), an oblique
view in the plane of the arch shows the mass to be
well surrounded by gas except on one side where it
is attached to the aorta by a narrow stalk. This
attachment was thought to be too limited to

March I 96I130
copyright.

 on M
ay 17, 2023 by guest. P

rotected by
http://pm

j.bm
j.com

/
P

ostgrad M
ed J: first published as 10.1136/pgm

j.37.425.126 on 1 M
arch 1961. D

ow
nloaded from

 

http://pmj.bmj.com/


lMarch I96 IBREARLEY: Artificial Emiphysetma in the Diagnosis of Surgical Conditions of the Trunk I3'

-i

'.'..*......

a;... ... ... ..

B,,...,. ..°...........

§;e:u.....
l#.

.... .\

..'....

·:.-,i,.::,. ·;.:i.
;§....... .i:.

,a;>i.. .:...-.
|g.R:g..,

-· .:·:::i

,'·u.:i:

!pin&.!iRR.,ii |·

FrG. i.-Bulky tumour of right kidney, free on all sides
(pneumogram).

FIG. 2.-Carcinoma of g-astric fundus, without extra-
gastric spread.

.·ill
:i:'::

i:ri:r·:··i·
.ii.· ···iilli

F:
r::i

I···:·
:F:a:Eig.,iirl

i8iargiB iii
:":':

'·:'::::
i:

'··':·

5:iai

:··-

:a

b:'i
ii·:l?i
::za%iLi%iii'i :I*I

FIG. 2.-(a) Barium meal.

...... ..::: s^.

:·.,:&

.||..l-sjS

FIG. 2.-(b) Pneumogram of growth in Fig. 2(a); air
surrounds the growth.

i;·l
:::::

*: :: ·..i ::i::.1i.:iii::·.:::. S ii9 . .'~b;iiii ::

.... :.

-~~~~~:'...:'::.: ::

l ~~~~~~~~~~~~~~i |*'................,\.g',

.,i,; ,. '!.: <,::. ., .......

FIG. 2.-(c) Pneumogram of similar growth; no air
surrounds it.

B1

copyright.
 on M

ay 17, 2023 by guest. P
rotected by

http://pm
j.bm

j.com
/

P
ostgrad M

ed J: first published as 10.1136/pgm
j.37.425.126 on 1 M

arch 1961. D
ow

nloaded from
 

http://pmj.bmj.com/


132 POSTGRADUATE MEDICAL JOURNAL March 196I
::':·. :··.i:·.::·.r(ilS*YI.L.L.prr- 9118LFr::..:·I".':

·: i·:

":: '·'
·:: ·. '::· :' ·: ii:::i:..:...

:·'.

:'''
:' '·

b-Pu.:·'..·· ·.i:.I.kBgp·r:::·
i:ii :-;····:.· :·· ·::

i:· ·· ·.· ·· ·I···i:.ii:·ir

i. ·ii'i.· ·· ·.,. I::·i,:·i:·::.:.i:ljq.i$.·.i.wB 31·asi.s.4.:.l:":...:.·· .:.·. ·:·····. ·: ':''

···i::.i ::: ·:· ::·
:· :·"·::.':,;.I.1$IB.(F"~~3asaP 'P ·:.· ·;::·

··.; ::.·iiil;:;iJ.i..i.'.T.kOB.B.E3a.88.s""e
...i

"i'II. i
··: :·r I···:

·': ··: iii: 'li:Biilii%ii..4.ga88.·1131.lBBsll:· ·: .·i··:·
':I::':::1. .

:·:· ··:· ;.i.i...i*::-r ··:i..a.aigi.BliPIL---s.aIIC.p.UPII·:":;: ·'· ;·.·::.ii: ·:· :.··.·

:ilii i''': i·lii i.i :··:;:.··;;I·:;:···::I-·----- ------ .--- --- --.;··:
·i:· ;·l:··ai, i.

81:.:·'::ii....di.C8iPBr.i;;8.&.:.P18.88L8Pi. ;::··:: .:.': ··I·:·'' :··' :'
'·ii ·: :·:

'i·9;.,... ::
It:::i.l.:.i...SD.YZIB"rB"l..g.g$&Si;h :I::.:· ·· ··':':·

:Ili:w.SI·P.·'· ':' ''::g
·:·a .·;· ··. .···. ::·

i:d:::..··-.··:···.·: ····:·:······:···· ·····'xes.i.-.13.awlen.syaaanpi.·j;...aCI.·.uaraaa.iii::
:'I

li:li i··· :i

·:··lil··:,:.'i ·: ::· ·.,: .: : ·:·

·i:::

FI(;. 3.-Right lower lobar pulmonary mass.

(a) Plain film. (b) Pneumogram showing separation from a normal
mediastinum (echinococcal cyst).

.
::':: '"':ill.il'ai.F'"""I1'".wnt.8lsrq : .'·:.ii

:·- :·::-·:
i· ·r:·,ii.jii

:.-::::.s ::ieil:·i·.·· :;n

:··:% iisilli... .iaa.aa.s.i:··si.i.
I'liC(.

i::i:
i:.

Iw:a:i·::i-:·;·:··;i.;:.
,si.T.j.ss.B.gtg.s.·.:: *,:

I:i ;I;'; :;1 .3i'b C:·'':": '·:·' ii.··.:,li.r:: iiiiii6i ..i...·:·n--?

:'' rJ*
I-1. ::.:.··i

I:I;;iii IP·:li::.:::.: iii*i: rii.
j:n .s

m·*:·.-:--

n:·

:::i ·.··
:1···:··I

'i.i...ll81B.lslra.LgqDF*8.Bsls.88..
.··-·:.ia::.::n

·iii;
-:::::·inl.·.·s3---- ·:· ··(.·11.11--·::··I·

Ip .

·?'-'·:'a:i:i·. :·:
gal·I·srrrrli: ::····,el:'::iei::'"'······.·:·.··;

;1· ·:..

··;·'·"'':':;-i.i.... liaii"iP:SW :i:: "·:i:'.,.9811111111.II . ·J

(l f r I
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operative specimen.
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FIG. 5.-Fibroma on ascending arch of aorta. (a) Plain film. (b) Pneumogram.
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FIG. 6.-Thymus gland (pneumogram).
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FIG. 7.-Small lower polar renal carcinoma (pneumo-
gram).
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FIG. 8.-Intermittent torsion of spleen (pneumogram). (a) Normal position. (b) Spleen rotated downwards and laterally.
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FIG. 9.-Congenital cyst of right hepatic lobe (pneumo-
gram).
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FIG. io.-Benign adenoma of right hepatic lobe (pneumo-
gram).
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suggest malignancy. At operation, it proved to be
a fibroma arising from the tunica adventitia of the
aorta.

Fig. 6 shows the clarity with which the thymus
may be outlined in lateral view in the presence of a
pneumomediastinum. This example is considered
to show hypertrophy. Alajouanine, Bariety,
Castaigne and Coury (I957), who investigated ten
cases of myasthenia gravis in which routine radio-
graphy (including tomography) had proved nega-
tive, were able with the aid of pneumography to
demonstrate thymic hypertrophy in eight. In six
of these, the hypertrophy was later confirmed at
operation. Of the two cases with apparently
normal thymus glands, one later came to post-
mortem and the result of the pneumograms was
confirmed.

Fig. 7 shows the outline of a small lower polar
renal carcinoma, free from local attachment.
Several cases have been seen in which the in-
vestigation of symptomless haematuria has yielded
normal pyelograms, while pneumography has
revealed a small peripheral tumour similar to this
one. The same experience is also recorded and
illustrated by Tinckler (I953). In any case with
normal pyelograms in which the haematuria is really
believed to be renal in origin, but remains un-
explained, pneumography is the next logical step.

It is usually easy enough to diagnose horse-shoe
kidney by conventional methods, but if operation
on one side is called for, information is needed
about the configuration of the parenchyma and
especially the form and position of the isthmus.
Providing both sides have normal circulation,
aortography can give this information but it can be
more readily obtained by pneumography. Aorto-
graphy is also not without danger and requires
much more highly specialized facilities.

In Fig. 8, are shown two films of a patient
suffering from intermittent bouts of severe, left
hypochondriac pain. Fig. 8a, taken in a symptom-
free interval, shows normal pneumographic ap-
pearances. The left kidney and spleen are
recognizable, separated by an air-containing gap.
The spleen, which is seen almost end-on in this
projection, occupies a small space under the highest

part of the cupola of the diaphrgm. In Fig. 8b,
taken a few days later during a bout of pain, the
appearance of the spleen has completely changed.
It is now seen broadside-on and has vacated its
previous site under the diaphragm, to extend down
the flank, overlying the kidney shadow. A pre-
operative diagnosis of intermittent torsion of the
pedicle of a mobile spleen was made, and this
proved to be correct.

In the University Surgical Clinic, Padua,
pneumography is regularly performed along with
aortography, splenoportography, and hepatic vein
phlebography in the investigation of hepatic and
hepato-splenic disease. It reveals not only the
volume, but also the contours, relations and
attachments of both organs. In some conditions,
the findings are very characteristic; congenital
anomalies, tumours and cysts of the liver are
usually recognized with ease. Fig. 9 shows a cyst
of the anterior margin of the right lobe in a con-
genitally polycystic liver, while Fig. io shows a

benign adenoma similarly situated. In hepatic
carcinoma, evidence of infiltration and fixity or
their absence may also be obtained according to
the criteria outlined above in connection with
other organs.
Summary

I. A series of over 2,000 pre-sacral oxygen
insufflations without complication is recorded.

2. Gas so introduced can be induced to pass to
all parts of the deep areolar tissue planes of the
trunk. Either alone, or combined with tomo-
graphy and the simultaneous use of opaque
contrast media, this method can give useful
indications of the degree and location of fixity in
neoplastic and inflammatory conditions. It can
also outline soft-tissue structures which may not
be visualized by other means.
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